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Abstract

Background

The 2016 WHO histopathological grading includes a substantial within-variation in recur-

rence risk, and is thus insufficient to predict prognosis after initial surgery of patients suffer-

ing from meningiomas. The aim of this study was to compare the prognostic value of the

histopathological grading and the conventional biomarker MIB-1 with expression of the anti-

apoptotic protein survivin to see if this biomarker could complement recurrence prediction.

Methods

Using immunohistochemistry, the expression of MIB-1 and survivin were determined as

labeling indices (LIs) in tissue micro arrays from 160 human meningiomas. The accuracy of

prognostication was assessed with receiver operator characteristics analyses and standard

survival analyses.

Results

The expression of survivin was significantly associated with both histopathological grade

(P = 0.022) and recurrence status (P = 0.035). A survivin LI of 1% was identified as the opti-

mal cutoff value to predict recurrence (P = 0.003), and was proven as more reliable than the

histopathological grading (P = 0.497) and MIB-1 expression (P = 0.091). This result was fur-

ther strengthened in multivariate analyses where survivin expression was revealed as an

independent predictor of recurrence-free survival, while the histopathological grading and

MIB-1 expression did not reach significance (P� 0.156).

Conclusions

These findings suggest that incorporation of survivin in the clinical practice might be useful

as complement for the histopathological grading and should further be evaluated in indepen-

dent prospective studies.
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Introduction

Meningiomas are the most commonly reported primary brain tumor and accounts for more

than one-third of these tumors [1]. To predict clinical aggressiveness and risk of recurrence

the WHO classification of central nervous system tumors distinguishes between three malig-

nancy grades with increasing tumor aggressiveness: grade I (benign), grade II (atypical) and

grade III (malignant) meningiomas [2]. However, this histopathological grading scheme

includes a considerable within-grade variation in recurrence risk [2, 3]. While a significant

portion of the benign tumors behaves clinical aggressive with recurrence shortly after surgery

[3, 4], a substantial portion of the atypical meningiomas have an indolent behavior with good

prognosis and no recurrence after surgery [3].

MIB-1 labeling index (LI) has shown to correlate with tumor growth and has been sug-

gested as a supplement for the histopathological grading for estimation of recurrence risk in

several studies [5]. However, the literature indicates caution in the application of this prolifera-

tion marker because of substantial overlap of indices between recurrent and non-recurrent

meningiomas and between histopathological grades [5, 6]. In addition, it has been difficult to

establish a universal cutoff value with MIB-1 that can translate between different laboratories

due to a heterogeneous staining pattern of this biomarker [3, 5].

The most important clinical question regarding meningiomas implies the prediction of

recurrence after initial treatment [3]. While surgery is the standard treatment, adjuvant radia-

tion therapy has proven to improve local control, disease-free survival, and overall survival in

the more aggressive subsets of meningiomas [7]. While adjuvant radiation therapy has proven

beneficial in aggressive tumors with great likelihood of recurrence, this treatment has also

been associated with several adverse effects [7], and should therefore be avoided. To determine

which patient that would likely benefit from adjuvant therapy, a better recurrence risk stratifi-

cation of patients is required [8].

Suvivin has been characterized as an inhibitor of apoptosis protein [9, 10], and has also

shown to play an important role in regulation of cell mitosis [11]. While this protein is overex-

pressed in several tumors [12–16], no expression has been observed in normal differentiated

tissues [17–19]. Increased expression of survivin has also been associated with cells resistance

against different treatments including radiation therapy and chemotherapy.

The expression pattern of survivin has been investigated in several tumors, showing that

almost all types of tumors have alternative survivin expression profile compared to normal tis-

sue [20]. The expression of this anti-apoptotic protein has also shown significant correlation

with clinical aggressiveness and prognosis in several tumors [12–15]. Regarding breast cancer,

Boidot et al showed that survivin expression might induce breast tumor proliferation [21]. A

specific genotype of survivin (31G/C) has shown to increase the risk of bladder cancer with 2.6

folds in a hospital-based study from India [22]. The same genotype has also been demonstrated

to be more frequent in colorectal patients compared to healthy individuals [23], and a risk fac-

tor for gastric cancer [24]. Furthermore, studies have suggested that survivin might contribute

to the prediction of susceptibility and pathological development to hepatocellular carcinoma

[25]. In addition, a significant association between survivin and advanced tumors stage and

lymph node metastasis in pancreatic cancer has been demonstrated [26].

Few studies have investigated the prognostic value of survivin in meningiomas, showing

varying results. While the expression of this biomarker has shown significant correlation with

histopathological grade in other brain tumors, including gliomas [27–29], such a correlation

has not been proved in meningiomas [30, 31]. Only two studies have tried to correlate survivin

expression and RFS, demonstrating conflicting results with one study showing a significant

association, and one study showing no association [30, 31].

Survivin expression and prognosis in meningioma patients
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The statistical power has among these studies have also varied substantially, making it diffi-

cult to determine any definitive implications that can be adopted into the clinical practice. In

addition, most of these studies only investigate the relationship between survivin and recur-

rence without investigating whether this biomarker could be complement or surrogate for the

histopathological grading. Application of this biomarker in the clinical practice as more accu-

rate predictors of tumor recurrence might contribute to more personalized treatment and

improve the prognosis of patients suffering from meningiomas relative to what is possible in

the current clinical management of these tumors.

The aim of this study was to investigate whether the expression of survivin correlates with

histopathological grade and compare the clinical usefulness with the 2016 WHO classification

and MIB-1 biomarker as a predictor of meningioma recurrence after initial surgery.

Materials and methods

Patient selection and clinical data

Patients selection and collection of clinical data have been described earlier [32]. All patients

who underwent meningioma surgery at St. Olavs Hospital, Trondheim University Hospital, in

Norway over a 10-year period between January 1, 1991, and December 31, 2000, were retro-

spectively analyzed. Patients under the age of 18, with non-intracranial meningiomas or who

received post-operative radiation therapy immediately after surgery were excluded from the

material. Six cases were additionally excluded due to insufficient amount of tumor tissue for

immunohistochemical assessments.

Clinical data were collected from the hospital’s medical records. Patients well-being before

surgery was assessed according to the guidelines of WHO performance status, and the extent

of resection was defined according to Simpson Resection Grade. Recurrence free survival

(RFS) was defined as the time from initial operation to the date of radiological evidence of sig-

nificant tumor growth assessed by neuroradiologists at the hospital. This assessment was based

on magnetic resonance imaging or computed tomography when magnetic resonance imaging

was contraindicated.

Each meningioma case was reviewed independently by a researcher and a senior neuropa-

thologist and classified according to the 2016 WHO classification of brain tumors [2]. For any

discrepancies, cases were reviewed and consensus was reached.

Laboratory work

Extraction of cores (1 mm diameter) were performed using an Alphelys Tissue Arrayer Mini-

Core1 3 (AH diagnostics) with the corresponding software TMA Designer2. Three cores were

extracted from various histological confirmed representative locations in each tumor to com-

pensate for potential heterogeneity. Whole-slide sections were included when insufficient

amount of tumor tissue were available for TMA construction (n = 19).

Standard immunohistochemical procedures were applied, using anti-MIB-1 (clone MIB-1,

dilution 1:50; Dako Denmark AS, Glostrup, Denmark) and anti-survivin (clone EP288Y, dilu-

tion 1:100, Abcam Products, Cambridge, UK) using an automatic Dako Techmate 500. This

procedure included a preheating for 1 hour at 60˚C and blocking of endogen peroxidase activ-

ity with 0.03% H2O2 for 10 minutes. Incubation was performed, in addition to pre-treating

using PT Link Dako. Counterstaining was performed with hematoxylin for all sections. Posi-

tive and negative controls were included in each staining (Fig 1). Optimal working dilution

was found by titration.
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Assessment of MIB-1 and survivin expression

All meningioma cases were scored with a labeling index (LI) for each antibody based on the

percentage of positive immunoreactive nuclei among 1000 tumor nuclei in the area of highest

immunoreactivity (hotspots). All assessments were performed by two authors to ensure opti-

mal reproducibility. Both were blinded for clinical data associated with each case during the

assessments.

Statistics

SPSS version 21.0 (SPSS Inc., Chicago, IL) was applied for statistical analyses. The Mann-

Whitney U test was used to evaluate the association between the three immunohistochemical

markers and histopathological grade and recurrence status. Receiver operator characteristic

(ROC) was utilized to determine the optimal cutoff value (based on maximization of the You-

den index) in order to discriminate recurrent and non-recurrent meningiomas, and the dis-

criminatory power was tested with the Chi-square test of association. The survival analyses

were performed using univariate and multivariate Cox proportional-hazards regression analy-

ses and Kaplan-Meier curves. A P-value equal to or less than 0.05 was considered statistically

significant.

Ethics

This study was approved by the Regional Committee for Medical and Health Research Ethics

Central Norway (project number 4.2006.947), and the study protocol adhered to guidelines by

Helsinki Convention. Waiver of consent was given by the Regional Ethics Committee because

patients were either deceased or severely disabled.

Results

Clinical data

A summary of the clinicopathological data according to WHO grade is presented in Table 1.

One hundred sixty patients were included for statistical analysis. The median age for all

patients was 60 years (range 25–86). One hundred twenty (75.0%) patients were females and

forty (25.0%) were males (ratio 3:1). According to the 2016 WHO grading, 100 meningiomas

were classified as benign and 60 as atypical. GTR was achieved in 121 (75.6%) patients, while

Fig 1. Positive and negative controls. The figures show positive control (A) and negative control (B) from

atypical meningiomas (magnitude 400x). The bar on the figures represent 100 μm.

https://doi.org/10.1371/journal.pone.0185217.g001
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39 (24.4) patients received STR. The RFS rate for the whole follow-up time was 77.7%. Median

follow-up time was 416 weeks (range 0–416).

Immunohistochemical staining

Satisfactory immunohistochemical staining was achieved for both MIB-1 and anti-survivin

(Fig 2). Immunoreactivity was confined to the tumor cell nuclei for MIB-1 whereas survivin

revealed both nuclear and cytoplasmic reaction. The staining intensity was more homogenous

and distinct for survivin compared with MIB-1. MIB-1staining pattern was more heteroge-

neous with nuclear accentuation.

Comparisons of indices

Table 2 shows an overview of the LIs related to histopathological grade and recurrence status.

Both the expressions of MIB-1 and survivin were higher in grade II meningiomas compared

Table 1. Clinical data.

Clinicopatholgical features # (%) Grade I + II (N = 160) Grade I (N = 100) Grade II (N = 60)

Median age (range) 60 (25–86) 58 (27–84) 64 (25–86)

Sex

Female 120 (75.0) 90 (77.6) 30 (68.2)

Male 40 (25.0) 26 (22.4) 14 (31.8)

Simpson grade

GTR 121 (75.6) 84 (72.4) 37 (84.1)

STR 39 (24.4) 32 (27.6) 7 (15.9)

WHO performance status

0–1 134 (83.8) 97 (83.6) 37 (84.1)

2–5 26 (16.2) 19 (16.4) 7 (15.9)

Recurrence

Yes 30 (18.8) 20 (17.2) 10 (22.7)

No 130 (81.2) 96 (82.8) 34 (77.3)

GTR indicates gross-total resection (Simpson grade I-II) and STR indicates sub-total resection (Simpson grade III-IV).

https://doi.org/10.1371/journal.pone.0185217.t001

Fig 2. Immunostaining of anti-survivin. Examples of survivin immunostaining in a non-recurrent

meningioma (A) and a recurrent meningioma (B) (magnitude 400x). The expression of survivin was

significantly higher in recurrent meningiomas compared with non-recurrent meningiomas. The bar on the

figures represent 100 μm.

https://doi.org/10.1371/journal.pone.0185217.g002
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with grade I (P� 0.022). The median LIs of MIB-1 were 0.9 and 1.8 (grade I vs. grade II,

P< 0.001), while the median LIs of survivin were 0.5 and 0.7 respectively (P = 0.022).

No association was found between MIB-1 expression and recurrence status, with median LI

of 1.2 and 1.1 in non-recurrent and recurrent meningiomas, respectively (P = 0.584). The

expression of survivin was, however, statistical significantly lower in non-recurrent meningio-

mas compared with recurrent tumors with median LI’s of 0.5 and 0.8, respectively (P = 0.035)

(Fig 3).

ROC analyses

Based on maximization of Youden index, the optimal cutoff values with respect to recurrence

prediction for MIB-1 LI and survivin LI were 3.0% and 1%, respectively (Table 3). Compared

with the histopathological grade (grade I vs. grade II) and MIB-1 LI, the expression of survivin

was the most accurate predictor of recurrence, revealing highest sensitivity and greatest area

under ROC curve (0.64). The cutoff value of survivin LI was also the only significant predictor

recurrence (P = 0.003), while histopathological grade and MIB-1 LI did not reach statistical

significance (P� 0.091).

Survival analyses

Survivin expression was revealed as a predictor of RFS in univariate survival analysis

(P = 0.002) (Table 4) (Fig 4), while histopathological grade and MIB-1 expression did not

reach significance (P� 0.127). Patients with survivin LI� 1% was associated with an increased

hazard ratio (HR) of 3.15 compared with patients with survivin expression lower than this cut-

off value (P = 0.002).

In multivariate survival analyses histopathological grade and the LI’s were adjusted for clin-

ically known and relevant variables (age, Simpson Grade and WHO performance status),

revealing survivin expression as the only independent predictor of RFS (HR = 2.94, P = 0.004).

MIB-1 LI and histopathological grade remained as insignificant predictors of RFS (P� 0.156).

Table 2. Comparisons of labelling indices.

MIB-1 LI Survivin LI

A) WHO grade

Grade I 0.9 (0.0–5.3) 0.5 (0.0–3.2)

Grade II 1.8 (0.4–6.4) 0.7 (0.0–7.6)

P-value < 0.001* 0.022*

B) Recurrent/non-recurrent

Non-recurrent 1.2 (0.0–6.4) 0.5 (0.4.3)

Recurrent 1.1 (0.2–6.2) 0.8 (0.0–7.6)

P-value 0.854 0.035*

Differences in proliferation indices between WHO grades (A), and recurrent and non-recurrent meningiomas

(B). Mitotic index is defined as the number of mitotic figures per 10 consecutive high power fields, and PI

indicates proliferative index defined as the percentage of positive immunoreactive nuclei among 1000 tumor

nuclei.

All data are given as median (range).

P-values are calculated by Mann-Whitney U test.

*Significant association, P < 0.05.

https://doi.org/10.1371/journal.pone.0185217.t002
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Discussion

In this present study, we evaluated the prognostic value of nuclear survivin expression and

compared the reliability of this biomarker with histopathological grade and MIB-1. We have

showed that recurrent tumors have increased expression of survivin compared to non-recur-

rent tumors, and demonstrated a more accurate prediction of recurrence using this biomarker.

We therefore suggest that survivin might be superior to histopathological grade and MIB-1 in

predicting recurrence and RFS after initial resection of meningiomas.

Immunohistochemistry is widely used in meningiomas, both for diagnostic and prognostic

purposes. The majority of meningiomas stains positively for EMA, vimentin and somatostatin

receptor 2A, but none of these are specific for this tumor. Studies have demonstrated that

vimentin filaments are anchored to desmosomal plaques. This combination of vimentin and

Table 3. Receiver operator characteristics (ROC) analyses of cutoff values.

Sensitivity (%) Specificity (%) Area under the curve P-value

WHO Grade 33.3 73.8 0.54 0.497

MIB-1 PI� 3% 26.7 86.9 0.57 0.091

Survivin� 0.990 46.7 80.8 0.64 0.003*

The accuracy of the proliferation assessment methods regarding the distinction between recurrent and non-recurrent meningiomas. Sensitivity, specificity

and area under the curve are given by receiver operator characteristics (ROC), and P-values are given by Chi-square test of association.

*Significant association, P < 0.05.

https://doi.org/10.1371/journal.pone.0185217.t003

Fig 3. Grouped scatter plot of labeling indices in recurrent vs. non-recurrent meningiomas. Survivin

LIs were significantly higher in recurrent meningiomas compared to non-recurrent meningiomas, while no

difference was found in MIB-1 LI.

https://doi.org/10.1371/journal.pone.0185217.g003
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desmosomal plaque proteins, however, is highly specific for arachnoidal cells [33]. Some

meningiomas express S-100 protein, positivity for this protein is most commonly found in the

fibrous subtype. As opposed to most carcinomas, staining for cytokeratin is rarely positive,

and the same applies to GFAP.

Several biomarkers have proven to be associated with prognosis and recurrence rate [34–

41]. Some of the most interesting markers include the progesterone receptor, MIB-1 and

PHH3. Expression of progesterone receptor is inversely correlated with histopathological

grade and prognosis, however, this correlation is not optimal [42]. PHH3 is considered as a

mitosis specific marker which facilitates mitotic count. Even though studies have showed that

this biomarker can compensate for several weaknesses associated with the WHO classification,

the association with prognosis remains imperfect [43]. Other interesting immunohistochemi-

cal markers with potential include cathepsin D, E-cadherin, claudin and platelet-derived

growth factor receptor beta [44]. However, most of these markers lack specificity. The search

for novel prognostic markers should therefore continue, and in this setting survivin has shown

potential.

The observed association between survivin expression and histopathological grade is some-

what in conflict with the previous literature. Investigating the survivin expression in 86 atypical

and malignant meningiomas, Vranic et al. could not prove any association with histopatholog-

ical grade [30]. This observation is consistent with the findings of Pfister et al. who used a

method based on PCR [31]. Kaoyaselecah et al. were able to prove a significant difference in

Table 4. Cox hazard univariate and multivariate survival analyses of proliferation assessment

methods.

Hazard ratio (95% CI) P-value

Univariate analyses

WHO Grade 1.38 (0.64–2.94) 0.410

MIB-1� 3% 1.88 (0.84–4.22) 0.127

Survivin� 2% 3.15 (1.54–6.45) 0.002*

Multivariate analyses

A) WHO Grade and clinical variables

Age 1.27 (0.61–2.62) 0.526

Simpson grade 5.31 (2.52–11.19) < 0.001*

WHO performance status 1.07 (0.43–2.68) 0.879

WHO Grade 1.76 (0.81–3.85) 0.156

B) MIB-1 and clinical variables

Age 1.00 (0.97–1.02) 0.739

Simpson grade 4.79 (2.31–9.93) < 0.001*

WHO performance status 1.16 (0.47–2.85) 0.750

MIB-1� 3% 1.80 (0.80–4.05) 0.158

C) Survivin and clinical variables

Age 1.37 (0.66–2.84) 0.406

Simpson grade 4.52 (2.16–9.47) < 0.001*

WHO performance status 1.37 (0.55–3.40) 0.503

Survivin 2.94 (1.42–6.12) 0.004*

Association between recurrence-free survival and the proliferation assessment methods. The multivariate

analyses are adjusted for clinical relevant variables. The date of surgery was used as reference for the

calculation of recurrence-free survival.

*Significant association, P < 0.05.

https://doi.org/10.1371/journal.pone.0185217.t004
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survivin values between benign and malign meningiomas, however, no difference in values

was found between benign and atypical meningiomas or between atypical and malign menin-

giomas [45]. These insignificant observations might be explained by the small number of

patients included in these studies, with� 100 patients in total and only� 10 patients classified

into at least one of the histopathological groups. In contrast, we included 160 patients in total

and classified them into two histopathological groups with 100 and 60 patients (with benign

and atypical meningiomas, respectively). Since the difference in survivin expression is quite

small (median values of 0.5 and 0.7 in benign and atypical meningiomas, respectively) a large

number of patients is required to demonstrate a statistical significant difference. Furthermore,

while the past studies in the literature used one of the previous WHO classification guidelines,

we reviewed all our cases and classified them according to the 2016 WHO classification guide-

lines [2]. This is the first study to demonstrate an association between survivin expression and

histopathological grade in meningiomas, however, similar association has previously been

described in studies investigating survivin expression in other brain tumors [27–29].

Survivin expression also showed a significant association with recurrence status, revealing

overexpression in recurrent tumors compared with non-recurrent meningiomas. We are only

aware of two previous studies that have been looking for an association between survivin

expression and recurrence status, with one showing a significant association [45], while one

did not [46]. An explanation for the disparate results might be the variation in study inclusion

criteria. Das et al. included only surgically gross total resected benign meningiomas in their

study, and thus only 12 of their patients experienced recurrence [46]. Excluding patients with

smaller extent of resection might therefore have led to exclusion of a number of recurrent

tumors. In addition, 17 of their patient underwent preoperative embolization which might

have led to better tumor control and thus lower recurrence rate in these tumors, which might

Fig 4. Kaplan-Meier plot of survivin labeling index (LI) < 1% vs. > 1%. Patients with survivin LI > 1% had

significant shorter recurrence-free survival compared to patients with survivin LI < 1%.

https://doi.org/10.1371/journal.pone.0185217.g004
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also have affected the results. In contrast, we included all surgically resected patients indepen-

dent of extent of resection and not a single patient in our study received preoperative emboli-

zation or any adjuvant postoperative treatment.

We also extended our study to investigate whether survivin expression is associated with

RFS and demonstrated that the survivin levels in meningiomas was an independent predictor

of RFS. Previous literature has been divided in this area, with one study demonstrating survi-

vin expression as predictive of recurrence free survival (RFS) [31], while one study showing no

such association [30]. However, this previous negative study measured survivin expression as a

score from 1 to 3 based on the approximate percentage of stained cells. Only dividing tumors

into three groups, this method causes a wide within-group heterogeneity with regard to anti-

apoptotic potential of meningiomas. Hence, a more accurate method is required to measure

this potential. Hence, we used a LI—the number of positive labeled tumor nuclei among 1000

tumor nuclei—as a more accurate measurement of survivin expression in tumors, and found a

significant correlation between survivin expression and RFS.

MIB-1 is the currently used prognostic biomarker in clinical practice in human meningio-

mas. However, several limitations exist in the application of this biomarker related to a sub-

stantial overlap of indices between histopathological grades and between recurrent and non-

recurrent tumors [5, 6]. Furthermore, no universal cutoff value has been established in the lit-

erature with respect to RFS prediction because of a wide range of different values suggested in

different studies, ranging from 1% to 10% [5]. Previous literature is also ambiguous on

whether increased MIB-1 expression is associated with recurrence risk, with some studies

demonstrating an association [47, 48], while others do not [5, 6]. In our survival analyses, no

significant association between MIB-1 expression and RFS was found. We therefore suggest

some caution using MIB-1 as a prognostic marker in clinical practice [6].

While prior studies on survivin expression have been limited to evaluate the possible associ-

ations between survivin expression and recurrence status or RFS, we extended our analysis to

compare the prognostic value of this biomarker with histopathological grade and MIB-1.

Based on ROC analysis, we proved survivin expression as the most accurate predictor of recur-

rence in meningiomas, revealing the greatest area under curve (AUC), highest sensitivity and

the only significant association tested by Chi-Square test of association. This resulted in a cor-

rect identification of 14 recurrent tumors, while histopathological grade and MIB-1 were only

able to correctly identify 10 and 8 recurrent tumors, respectively. Furthermore, survivin

expression was additionally the only significant predictor of RFS in survival analyses and

achieved the highest hazard ratio. We therefore suggest survivin expression as a more accurate

predictor of prognosis in patients after initial meningioma surgery compared with histopatho-

logical grade and MIB-1 proliferation marker and thus more useful in a clinical setting.

Patients with survivin expression exceeding approximately 1% might benefit from a more

aggressive treatment approach, such as adjuvant radiation therapy with the possibility of re-

resection, in addition to more frequent radiological follow-up. In contrast, patients with low

expression of survivin below the proposed cutoff value periodically radiological follow-up is

likely sufficient, with re-resection and/or radiation therapy in case of recurrence. However,

other risk factors must also be taken into consideration regarding treatment decision-making,

and the risk of surgery and adjuvant therapy must always be weighed against the possible bene-

fits. In addition, as with every immunohistochemical test, labeling indices may differ between

laboratories. Hence, extrapolating other laboratories’ values is problematic. It is therefore rec-

ommended that each laboratory establish its own practice. Such a policy is also valuable as a

quality assurance at a pathology department.

Our study has limitations inherent to the nature of retrospective studies and immunohisto-

chemical analyses at a single institution. Furthermore, the assessment of proliferation on TMA
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might be complicated by a heterogeneous expression pattern of immunohistochemical mark-

ers. However, we tried to compensate for this pitfall by extracting cores from three different

histologically confirmed representative areas. Moreover, because construction of TMA cylin-

ders is a resource intensive process, this method is not as relevant in daily clinical practice as it

is for research purposes. In addition, recurrence which was used as the end point parameter

does not always equal worsening of symptoms or poor outcome, and the impact on the

patients’ quality of life will vary. As with all immunohistochemical analyses, this study requires

investigation in independent cohorts for verification and optimization of cutoff values and

clinical usefulness.

In conclusion, we found higher expressions of survivin in recurrent meningiomas com-

pared with non-recurrent ones. Survivin expression with a cutoff of 1% was identified as the

most accurate predictor of tumor recurrence compared with the 2016 WHO histopathological

grading and MIB-1 proliferation marker. Furthermore, survivin was demonstrated as the only

significant predictor of RFS when controlled for other clinical factors. These findings suggest

that incorporation of survivin in the clinical practice might be useful and should further be

evaluated in independent prospective studies. Survivin might also be a pharmacological target

for these patients, and can lead to medical treatment of meningiomas, which currently does

not exist.

Acknowledgments

We would like to acknowledge our colleagues at the Department of Neurosurgery and the

Department of Medical Imaging at St. Olavs Hospital for their contribution to this study. We

would also like to acknowledge bioengineer Unn Granli for excellent laboratory assistance.

Finally, we would like to thank Dr. Thomas Backer-Grøndahl for contributing in the process

of patient selection, collection of clinical data and classification of tumors.

Author Contributions

Conceptualization: Theo L. Winther, Sverre H. Torp.

Data curation: Theo L. Winther.

Formal analysis: Theo L. Winther.

Funding acquisition: Theo L. Winther, Sverre H. Torp.

Investigation: Theo L. Winther, Sverre H. Torp.

Methodology: Theo L. Winther, Sverre H. Torp.

Project administration: Sverre H. Torp.

Resources: Sverre H. Torp.

Supervision: Sverre H. Torp.

Validation: Theo L. Winther, Sverre H. Torp.

Writing – original draft: Theo L. Winther, Sverre H. Torp.

References
1. Ostrom QT, Gittleman H, Farah P, Ondracek A, Chen Y, Wolinsky Y, et al. CBTRUS statistical report:

Primary brain and central nervous system tumors diagnosed in the United States in 2006–2010. Neuro

Oncol. 2013; 15 Suppl 2:ii1–56. Epub 2013/10/30. https://doi.org/10.1093/neuonc/not151 PMID:

24137015.

Survivin expression and prognosis in meningioma patients

PLOS ONE | https://doi.org/10.1371/journal.pone.0185217 September 27, 2017 11 / 14

https://doi.org/10.1093/neuonc/not151
http://www.ncbi.nlm.nih.gov/pubmed/24137015
https://doi.org/10.1371/journal.pone.0185217


2. Louis DN, Perry A, Reifenberger G, von Deimling A, Figarella-Branger D, Cavenee WK, et al. The 2016

World Health Organization Classification of Tumors of the Central Nervous System: a summary. Acta

Neuropathol. 2016; 131(6):803–20. Epub 2016/05/10. https://doi.org/10.1007/s00401-016-1545-1

PMID: 27157931.

3. Perry A, Louis DN, Budka H, Von Deimling A, F S, Rushing EJ, et al. Meningiomas. In: Louis DN,

Ohgaki H, Wiestler OD, Cavenee WK, Ellison DW, Figarelle-Branger D, et al., editors. WHO Classifica-

tion of Tumours of the Central Nervous System. 4 ed. Lyon: IARC; 2016. p. 231–45.

4. Perry A, Stafford SL, Scheithauer BW, Suman VJ, Lohse CM. Meningioma grading: an analysis of histo-

logic parameters. Am J Surg Pathol. 1997; 21(12):1455–65. Epub 1997/12/31. PMID: 9414189.

5. Abry E, Thomassen IO, Salvesen OO, Torp SH. The significance of Ki-67/MIB-1 labeling index in

human meningiomas: a literature study. Pathol Res Pract. 2010; 206(12):810–5. Epub 2010/10/19.

https://doi.org/10.1016/j.prp.2010.09.002 PMID: 20951502.

6. Torp SH, Lindboe CF, Granli US, Moen TM, Nordtomme T. Comparative investigation of proliferation

markers and their prognostic relevance in human meningiomas. Clin Neuropathol. 2001; 20(5):190–5.

Epub 2001/10/12. PMID: 11594503.

7. Kaur G, Sayegh ET, Larson A, Bloch O, Madden M, Sun MZ, et al. Adjuvant radiotherapy for atypical

and malignant meningiomas: a systematic review. Neuro Oncol. 2014; 16(5):628–36. Epub 2014/04/

04. https://doi.org/10.1093/neuonc/nou025 PMID: 24696499.

8. Olar A, Wani KM, Sulman EP, Mansouri A, Zadeh G, Wilson CD, et al. Mitotic Index is an Independent

Predictor of Recurrence-Free Survival in Meningioma. Brain Pathol. 2015; 25(3):266–75. Epub 2014/

07/22. https://doi.org/10.1111/bpa.12174 PMID: 25040885.

9. Shin S, Sung BJ, Cho YS, Kim HJ, Ha NC, Hwang JI, et al. An anti-apoptotic protein human survivin is a

direct inhibitor of caspase-3 and -7. Biochemistry. 2001; 40(4):1117–23. Epub 2001/02/15. PMID:

11170436.

10. Tamm I, Wang Y, Sausville E, Scudiero DA, Vigna N, Oltersdorf T, et al. IAP-family protein survivin

inhibits caspase activity and apoptosis induced by Fas (CD95), Bax, caspases, and anticancer drugs.

Cancer Res. 1998; 58(23):5315–20. Epub 1998/12/16. PMID: 9850056.

11. Zhen HN, Zhang X, Hu PZ, Yang TT, Fei Z, Zhang JN, et al. Survivin expression and its relation with

proliferation, apoptosis, and angiogenesis in brain gliomas. Cancer. 2005; 104(12):2775–83. Epub

2005/11/15. https://doi.org/10.1002/cncr.21490 PMID: 16284993.

12. Shariat SF, Lotan Y, Saboorian H, Khoddami SM, Roehrborn CG, Slawin KM, et al. Survivin expression

is associated with features of biologically aggressive prostate carcinoma. Cancer. 2004; 100(4):751–7.

Epub 2004/02/11. https://doi.org/10.1002/cncr.20039 PMID: 14770431.

13. Kawasaki H, Altieri DC, Lu CD, Toyoda M, Tenjo T, Tanigawa N. Inhibition of apoptosis by survivin pre-

dicts shorter survival rates in colorectal cancer. Cancer Res. 1998; 58(22):5071–4. Epub 1998/11/21.

PMID: 9823313.

14. Kami K, Doi R, Koizumi M, Toyoda E, Mori T, Ito D, et al. Survivin expression is a prognostic marker in

pancreatic cancer patients. Surgery. 2004; 136(2):443–8. Epub 2004/08/10. https://doi.org/10.1016/j.

surg.2004.05.023 PMID: 15300213.

15. Shinohara ET, Gonzalez A, Massion PP, Chen H, Li M, Freyer AS, et al. Nuclear survivin predicts recur-

rence and poor survival in patients with resected nonsmall cell lung carcinoma. Cancer. 2005; 103

(8):1685–92. Epub 2005/03/03. https://doi.org/10.1002/cncr.20951 PMID: 15742356.

16. Lu B, Gonzalez A, Massion PP, Shyr Y, Shaktour B, Carbone DP, et al. Nuclear survivin as a biomarker

for non-small-cell lung cancer. Br J Cancer. 2004; 91(3):537–40. Epub 2004/07/22. https://doi.org/10.

1038/sj.bjc.6602027 PMID: 15266313.

17. Ambrosini G, Adida C, Altieri DC. A novel anti-apoptosis gene, survivin, expressed in cancer and lym-

phoma. Nat Med. 1997; 3(8):917–21. Epub 1997/08/01. PMID: 9256286.

18. Adida C, Crotty PL, McGrath J, Berrebi D, Diebold J, Altieri DC. Developmentally regulated expression

of the novel cancer anti-apoptosis gene survivin in human and mouse differentiation. Am J Pathol.

1998; 152(1):43–9. Epub 1998/01/09. PMID: 9422522.

19. Al-Khalaf HH, Lach B, Allam A, Hassounah M, Alkhani A, Elkum N, et al. Expression of survivin and p16

(INK4a)/Cdk6/pRB proteins and induction of apoptosis in response to radiation and cisplatin in meningi-

oma cells. Brain Res. 2008; 1188:25–34. Epub 2007/12/01. https://doi.org/10.1016/j.brainres.2007.10.

074 PMID: 18048012.

20. Jaiswal PK, Goel A, Mittal RD. Survivin: A molecular biomarker in cancer. Indian J Med Res. 2015; 141

(4):389–97. Epub 2015/06/27. https://doi.org/10.4103/0971-5916.159250 PMID: 26112839.

21. Boidot R, Vegran F, Jacob D, Chevrier S, Gangneux N, Taboureau J, et al. The expression of BIRC5 is

correlated with loss of specific chromosomal regions in breast carcinomas. Genes Chromosomes Can-

cer. 2008; 47(4):299–308. Epub 2008/01/09. https://doi.org/10.1002/gcc.20533 PMID: 18181175.

Survivin expression and prognosis in meningioma patients

PLOS ONE | https://doi.org/10.1371/journal.pone.0185217 September 27, 2017 12 / 14

https://doi.org/10.1007/s00401-016-1545-1
http://www.ncbi.nlm.nih.gov/pubmed/27157931
http://www.ncbi.nlm.nih.gov/pubmed/9414189
https://doi.org/10.1016/j.prp.2010.09.002
http://www.ncbi.nlm.nih.gov/pubmed/20951502
http://www.ncbi.nlm.nih.gov/pubmed/11594503
https://doi.org/10.1093/neuonc/nou025
http://www.ncbi.nlm.nih.gov/pubmed/24696499
https://doi.org/10.1111/bpa.12174
http://www.ncbi.nlm.nih.gov/pubmed/25040885
http://www.ncbi.nlm.nih.gov/pubmed/11170436
http://www.ncbi.nlm.nih.gov/pubmed/9850056
https://doi.org/10.1002/cncr.21490
http://www.ncbi.nlm.nih.gov/pubmed/16284993
https://doi.org/10.1002/cncr.20039
http://www.ncbi.nlm.nih.gov/pubmed/14770431
http://www.ncbi.nlm.nih.gov/pubmed/9823313
https://doi.org/10.1016/j.surg.2004.05.023
https://doi.org/10.1016/j.surg.2004.05.023
http://www.ncbi.nlm.nih.gov/pubmed/15300213
https://doi.org/10.1002/cncr.20951
http://www.ncbi.nlm.nih.gov/pubmed/15742356
https://doi.org/10.1038/sj.bjc.6602027
https://doi.org/10.1038/sj.bjc.6602027
http://www.ncbi.nlm.nih.gov/pubmed/15266313
http://www.ncbi.nlm.nih.gov/pubmed/9256286
http://www.ncbi.nlm.nih.gov/pubmed/9422522
https://doi.org/10.1016/j.brainres.2007.10.074
https://doi.org/10.1016/j.brainres.2007.10.074
http://www.ncbi.nlm.nih.gov/pubmed/18048012
https://doi.org/10.4103/0971-5916.159250
http://www.ncbi.nlm.nih.gov/pubmed/26112839
https://doi.org/10.1002/gcc.20533
http://www.ncbi.nlm.nih.gov/pubmed/18181175
https://doi.org/10.1371/journal.pone.0185217


22. Jaiswal PK, Goel A, Mandhani A, Mittal RD. Functional polymorphisms in promoter survivin gene and

its association with susceptibility to bladder cancer in North Indian cohort. Mol Biol Rep. 2012; 39

(5):5615–21. Epub 2011/12/24. https://doi.org/10.1007/s11033-011-1366-1 PMID: 22193624.

23. Gazouli M, Tzanakis N, Rallis G, Theodoropoulos G, Papaconstantinou I, Kostakis A, et al. Survivin

-31G/C promoter polymorphism and sporadic colorectal cancer. Int J Colorectal Dis. 2009; 24(2):145–

50. Epub 2008/10/24. https://doi.org/10.1007/s00384-008-0601-2 PMID: 18946675.

24. Borges Bdo N, Burbano RR, Harada ML. Survivin -31C/G polymorphism and gastric cancer risk in a

Brazilian population. Clin Exp Med. 2011; 11(3):189–93. Epub 2010/12/17. https://doi.org/10.1007/

s10238-010-0122-5 PMID: 21161671.

25. Bayram S, Akkiz H, Bekar A, Akgollu E. The association between the survivin -31G/C promoter poly-

morphism and hepatocellular carcinoma risk in a Turkish population. Cancer Epidemiol. 2011; 35

(6):555–9. Epub 2011/02/08. https://doi.org/10.1016/j.canep.2011.01.004 PMID: 21296634.

26. Theodoropoulos GE, Michalopoulos NV, Panoussopoulos SG, Taka S, Gazouli M. Effects of caspase-9

and survivin gene polymorphisms in pancreatic cancer risk and tumor characteristics. Pancreas. 2010;

39(7):976–80. Epub 2010/04/02. https://doi.org/10.1097/MPA.0b013e3181d705d4 PMID: 20357690.

27. Preusser M, Wolfsberger S, Czech T, Slavc I, Budka H, Hainfellner JA. Survivin expression in intracra-

nial ependymomas and its correlation with tumor cell proliferation and patient outcome. Am J Clin

Pathol. 2005; 124(4):543–9. Epub 2005/09/09. https://doi.org/10.1309/PP2G5GAAFKV82DTG PMID:

16146813.

28. Ridley L, Rahman R, Brundler MA, Ellison D, Lowe J, Robson K, et al. Multifactorial analysis of predic-

tors of outcome in pediatric intracranial ependymoma. Neuro Oncol. 2008; 10(5):675–89. Epub 2008/

08/15. https://doi.org/10.1215/15228517-2008-036 PMID: 18701711.

29. Lin H, Wang Y, Zhang X, Liu B, Zhang W, Cheng J. Prognostic significance of kappaB-Ras1 expression

in gliomas. Med Oncol. 2012; 29(2):1272–9. Epub 2011/02/09. https://doi.org/10.1007/s12032-011-

9835-x PMID: 21302000.

30. Vranic A. Caspase-3 and survivin expression in primary atypical and malignant meningiomas. ISRN

neuroscience. 2013; 2013:626290. Epub 2013/01/01. https://doi.org/10.1155/2013/626290 PMID:

25006573.

31. Lee SH, Lee EH, Lee SH, Lee YM, Kim HD, Kim YZ. Epigenetic Role of Histone 3 Lysine Methyltrans-

ferase and Demethylase in Regulating Apoptosis Predicting the Recurrence of Atypical Meningioma. J

Korean Med Sci. 2015; 30(8):1157–66. Epub 2015/08/05. https://doi.org/10.3346/jkms.2015.30.8.1157

PMID: 26240495.

32. Backer-Grondahl T, Moen BH, Torp SH. The histopathological spectrum of human meningiomas. Int J

Clin Exp Pathol. 2012; 5(3):231–42. Epub 2012/05/05. PMID: 22558478.

33. Akat K, Mennel HD, Kremer P, Gassler N, Bleck CK, Kartenbeck J. Molecular characterization of des-

mosomes in meningiomas and arachnoidal tissue. Acta Neuropathol. 2003; 106(4):337–47. Epub 2003/

07/08. https://doi.org/10.1007/s00401-003-0736-8 PMID: 12845453.

34. Simon M, von Deimling A, Larson JJ, Wellenreuther R, Kaskel P, Waha A, et al. Allelic losses on chro-

mosomes 14, 10, and 1 in atypical and malignant meningiomas: a genetic model of meningioma pro-

gression. Cancer Res. 1995; 55(20):4696–701. Epub 1995/10/15. PMID: 7553651.

35. Weber RG, Bostrom J, Wolter M, Baudis M, Collins VP, Reifenberger G, et al. Analysis of genomic alter-

ations in benign, atypical, and anaplastic meningiomas: toward a genetic model of meningioma progres-

sion. Proc Natl Acad Sci U S A. 1997; 94(26):14719–24. Epub 1998/02/07. PMID: 9405679.

36. Joachim T, Ram Z, Rappaport ZH, Simon M, Schramm J, Wiestler OD, et al. Comparative analysis of

the NF2, TP53, PTEN, KRAS, NRAS and HRAS genes in sporadic and radiation-induced human

meningiomas. Int J Cancer. 2001; 94(2):218–21. Epub 2001/10/23. PMID: 11668501.

37. Riemenschneider MJ, Perry A, Reifenberger G. Histological classification and molecular genetics of

meningiomas. Lancet Neurol. 2006; 5(12):1045–54. Epub 2006/11/18. https://doi.org/10.1016/S1474-

4422(06)70625-1 PMID: 17110285.

38. Fontaine B, Rouleau GA, Seizinger BR, Menon AG, Jewell AF, Martuza RL, et al. Molecular genetics of

neurofibromatosis 2 and related tumors (acoustic neuroma and meningioma). Ann N Y Acad Sci. 1991;

615:338–43. Epub 1991/01/01. PMID: 2039155.

39. Leone PE, Bello MJ, de Campos JM, Vaquero J, Sarasa JL, Pestana A, et al. NF2 gene mutations and

allelic status of 1p, 14q and 22q in sporadic meningiomas. Oncogene. 1999; 18(13):2231–9. Epub

1999/05/18. https://doi.org/10.1038/sj.onc.1202531 PMID: 10327069.

40. Menon AG, Gusella JF, Seizinger BR. Progress towards the isolation and characterization of the genes

causing neurofibromatosis. Cancer Surv. 1990; 9(4):689–702. Epub 1990/01/01. PMID: 2129297.

41. Alahmadi H, Croul SE. Pathology and genetics of meningiomas. Semin Diagn Pathol. 2011; 28(4):314–

24. Epub 2011/12/27. PMID: 22195409.

Survivin expression and prognosis in meningioma patients

PLOS ONE | https://doi.org/10.1371/journal.pone.0185217 September 27, 2017 13 / 14

https://doi.org/10.1007/s11033-011-1366-1
http://www.ncbi.nlm.nih.gov/pubmed/22193624
https://doi.org/10.1007/s00384-008-0601-2
http://www.ncbi.nlm.nih.gov/pubmed/18946675
https://doi.org/10.1007/s10238-010-0122-5
https://doi.org/10.1007/s10238-010-0122-5
http://www.ncbi.nlm.nih.gov/pubmed/21161671
https://doi.org/10.1016/j.canep.2011.01.004
http://www.ncbi.nlm.nih.gov/pubmed/21296634
https://doi.org/10.1097/MPA.0b013e3181d705d4
http://www.ncbi.nlm.nih.gov/pubmed/20357690
https://doi.org/10.1309/PP2G5GAAFKV82DTG
http://www.ncbi.nlm.nih.gov/pubmed/16146813
https://doi.org/10.1215/15228517-2008-036
http://www.ncbi.nlm.nih.gov/pubmed/18701711
https://doi.org/10.1007/s12032-011-9835-x
https://doi.org/10.1007/s12032-011-9835-x
http://www.ncbi.nlm.nih.gov/pubmed/21302000
https://doi.org/10.1155/2013/626290
http://www.ncbi.nlm.nih.gov/pubmed/25006573
https://doi.org/10.3346/jkms.2015.30.8.1157
http://www.ncbi.nlm.nih.gov/pubmed/26240495
http://www.ncbi.nlm.nih.gov/pubmed/22558478
https://doi.org/10.1007/s00401-003-0736-8
http://www.ncbi.nlm.nih.gov/pubmed/12845453
http://www.ncbi.nlm.nih.gov/pubmed/7553651
http://www.ncbi.nlm.nih.gov/pubmed/9405679
http://www.ncbi.nlm.nih.gov/pubmed/11668501
https://doi.org/10.1016/S1474-4422(06)70625-1
https://doi.org/10.1016/S1474-4422(06)70625-1
http://www.ncbi.nlm.nih.gov/pubmed/17110285
http://www.ncbi.nlm.nih.gov/pubmed/2039155
https://doi.org/10.1038/sj.onc.1202531
http://www.ncbi.nlm.nih.gov/pubmed/10327069
http://www.ncbi.nlm.nih.gov/pubmed/2129297
http://www.ncbi.nlm.nih.gov/pubmed/22195409
https://doi.org/10.1371/journal.pone.0185217


42. Roser F, Nakamura M, Bellinzona M, Rosahl SK, Ostertag H, Samii M. The prognostic value of proges-

terone receptor status in meningiomas. J Clin Pathol. 2004; 57(10):1033–7. Epub 2004/09/29. https://

doi.org/10.1136/jcp.2004.018333 PMID: 15452155.

43. Winther TL, Arnli MB, Salvesen O, Torp SH. Phosphohistone-H3 Proliferation Index Is Superior to

Mitotic Index and MIB-1 Expression as a Predictor of Recurrence in Human Meningiomas. Am J Clin

Pathol. 2016; 146(4):510–20. Epub 2016/10/01. https://doi.org/10.1093/ajcp/aqw141 PMID: 27686177.

44. Lusis EA, Chicoine MR, Perry A. High throughput screening of meningioma biomarkers using a tissue

microarray. J Neurooncol. 2005; 73(3):219–23. Epub 2005/06/28. https://doi.org/10.1007/s11060-004-

5233-y PMID: 15980972.

45. Kayaselcuk F, Zorludemir S, Bal N, Erdogan B, Erdogan S, Erman T. The expression of survivin and Ki-

67 in meningiomas: correlation with grade and clinical outcome. J Neurooncol. 2004; 67(1–2):209–14.

Epub 2004/04/10. PMID: 15072469.

46. Das A, Tan WL, Smith DR. Expression of the inhibitor of apoptosis protein survivin in benign meningio-

mas. Cancer Lett. 2003; 193(2):217–23. Epub 2003/04/23. PMID: 12706880.

47. Bruna J, Brell M, Ferrer I, Gimenez-Bonafe P, Tortosa A. Ki-67 proliferative index predicts clinical out-

come in patients with atypical or anaplastic meningioma. Neuropathology. 2007; 27(2):114–20. Epub

2007/05/15. PMID: 17494511.

48. Ho DM, Hsu CY, Ting LT, Chiang H. Histopathology and MIB-1 labeling index predicted recurrence of

meningiomas: a proposal of diagnostic criteria for patients with atypical meningioma. Cancer. 2002; 94

(5):1538–47. Epub 2002/03/29. PMID: 11920512.

Survivin expression and prognosis in meningioma patients

PLOS ONE | https://doi.org/10.1371/journal.pone.0185217 September 27, 2017 14 / 14

https://doi.org/10.1136/jcp.2004.018333
https://doi.org/10.1136/jcp.2004.018333
http://www.ncbi.nlm.nih.gov/pubmed/15452155
https://doi.org/10.1093/ajcp/aqw141
http://www.ncbi.nlm.nih.gov/pubmed/27686177
https://doi.org/10.1007/s11060-004-5233-y
https://doi.org/10.1007/s11060-004-5233-y
http://www.ncbi.nlm.nih.gov/pubmed/15980972
http://www.ncbi.nlm.nih.gov/pubmed/15072469
http://www.ncbi.nlm.nih.gov/pubmed/12706880
http://www.ncbi.nlm.nih.gov/pubmed/17494511
http://www.ncbi.nlm.nih.gov/pubmed/11920512
https://doi.org/10.1371/journal.pone.0185217

