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Unsuccessful external
validation of the MAC-score
for predicting increased
MIB-1 index in patients

with spinal meningiomas
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and Adrian Elmi-Terander™**

‘Department of Clinical Neuroscience, Karolinska Institute, Stockholm, Sweden, 2Stockholm Spine
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Objective: Recently, the MAC-spinal meningioma score (MAC-score) was
proposed to preoperatively identify spinal meningioma patients with high
MIB-1 indices. Risk factors were age > 65 years, a modified McCormick score
(MMCs) > 2, and absence of tumor calcification. The aim of this study was to
externally validate the MAC-score in an independent cohort.

Methods: Using the same inclusion and exclusion criteria as in the original
study, we performed a retrospective, single-center, population-based, cohort
study that included patients who had undergone surgical treatment for spinal
meningiomas between 2005 — 2017. Data was collected from patient charts
and radiographic images. Validation was performed by applying the MAC-score
to our cohort and evaluating the area under the receiver operating
characteristic curve (AUC).

Results: In total, 108 patients were included. Baseline and outcome data were
comparable to the original development study. An increased MIB-1 index (>5%)
was observed in 56 (52%) patients. AUC of the MAC-score in our validation
cohort was 0.61 (95% CI: 0.51 - 0.71), which corresponds to a poor
discriminative ability.

Conclusion: The MAC-score showed poor discriminative ability for MIB-1
index prediction in patients with spinal meningiomas. Moreover, the MAC-
score rests on a weak theoretical and statistical foundation. Consequently, we
argue against its clinical implementation.
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Introduction

Spinal meningiomas are intradural extramedullary tumors
that originate from the arachnoid cap cells in the leptomeninges
of the spinal canal. They are the most common adult primary
spinal tumor, accounting for 25-45% of all spinal intradural
tumors and occurring with an age-adjusted incidence of 0.33 per
100, 000 population (1).

Even though most spinal meningiomas are benign (World
Health Organization (WHO) grade 1), (2) they can cause spinal
cord compression and neurological deficits. (3) Surgery is the
treatment of choice for symptomatic patients, (2) and often
associated with improved neurological function. (4) The
functional status in these patients is usually assessed using
standardized methods, such as the modified McCormick scale
(mMCS) (Table 1). (4-6) Tumor proliferation markers, like the
MIB-1 index, are also often used to assess the growth fraction of
the tumor cells. Although previous studies are scarce, spinal
meningiomas tend to have low MIB-1 indices (7-9) and there is
no consensus on a specific MIB-1 index cut-off value
for the prediction of tumor progression or recurrence in
spinal meningiomas.

Wach et al. recently developed a risk score to preoperatively
predict a high MIB-1 Index (> 5%) in these patients. (10) The
MAC-spinal meningioma score awards 1 point each for Age > 65
and preoperative mMCs > 2, and 2 points for the lack of intra-
tumoral calcification. They reported an area under the receiver
operating characteristic curve (AUC) of 0.83 (95% CI: 0.71 -
0.96) in their development cohort and concluded that the score
could help support surgical decision making (10).

The performance of risk scores is typically overestimated in the
datasets used to develop them. (11-14) They are often
opportunistically produced to maximize the output from a study
for which the tested predictors were not declared beforehand.
Therefore, risk scores should always be subjected to external
validation in an independent cohort. (13, 14) In the case of the
MAC-score, it was developed from single-center data on 128
patients, with no internal validation or pre-published study protocol.

In light of the above, the aim of this study was to perform an
external validation of the MAC-score in an independent cohort of
adult patients who were surgically treated for a spinal meningioma.

TABLE 1 Modified McCormick scale.

Grade Explanation

1 Intact neurologically, normal ambulation, minimal dysesthesia

2 Mild motor or sensory deficit, functional independence

3 Moderate deficit, limitation of function, independent w/external aid
4 Severe motor or sensory deficit, limited function, dependent

5 Paraplegia or quadriplegia, even w/flickering movement
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Methods
Patient selection and study setting

The study cohort consisted of adult patients (=18 years) who
were surgically treated for a spinal meningioma at the study
center between 2005 and 2017. Exclusion criteria were identical
to those in the development study, (10) namely craniocervical
meningiomas (foramen magnum, C1, C2), neurofibromatosis
type 2 (NF2), recurrent meningiomas after radiotherapy, and
those with missing MIB-1 index (Figure 1). The study center’s
routine for preoperative imaging, surgical technique, and follow-
up has been described previously. (3, 4) The study was approved
by the Regional and National Ethical Review Board who waived
the need for informed consent (Dnr: 2016/1708-31/4 and
2020-00192).

Variables

Medical records and imaging data were retrospectively
reviewed using the health record software TakeCare
(CompuGroup Medical Sweden AB, Farsta, Sweden). Collected
data included age, sex, preoperative modified McCormick Scale
(mMCs), radiographic data (including tumor calcification and
location), surgical data, MIB-1 index and World Health
Organization (WHO) grade, as well as long-term tumor
control and functional outcome.

In accordance with the study by Wach et al, (10) age was
dichotomized into elderly (> 65 years) and non-elderly (18-64
years). Tumor calcification was assessed on preoperative CT
and/or MRI images by two different reviewers. (9, 15) A tumor
was deemed calcified when it was hyperintense on CT, reflecting
a density close to that of adjacent bony structures, or when the
tumor had decreased signal intensity on T1 and T2. (9, 16)
Tumor growth was defined as the radiological growth of a tumor
remnant following subtotal resection, while tumor recurrence
was defined as the appearance of a new spinal meningioma
following total resection. All histopathological analyses were
performed at the Department of Pathology, Karolinska
University Hospital, Stockholm, Sweden. The MIB-1 labeling
index was determined using the anti-Ki67 antibody (product:
“M7240, Ki-67 Antigen”; supplier: DAKO, Glostrup, Denmark).
The MIB-1 labeling index was then analyzed by experienced
pathologists at the authors’ institution through manual counting
of the number of Ki-67 positive cells (only nuclear staining)
divided by the total amount of tumor cells in “hot-spot” regions,
counting at least 2000 cells. Patients were classified according to
WHO criteria from 2007. However, as no patients showed signs
of spinal cord invasion, the grading is consistent with the 2016
WHO classification of meningiomas (17, 18).
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n = 138 surgically treated
spinal meningiomas
2005 - 2017

10.3389/fonc.2022.1037495

n = 30 excluded due to:

craniocervical meningioma (n = 10)
missing medical records (n = 9)
missing MIB-index (n = 8)
recurrence after radiotherapy (n = 2)
neurofibromatosis type 2 (n = 1)

n = 108 patients
included in the study

FIGURE 1
Flow-chart illustrating the patient inclusion process.

Statistical analysis

The Shapiro-Wilk test was used to evaluate the normality of
the data. As all continuous data significantly deviated from a
normal distribution pattern (Shapiro-Wilk test p-value < 0.05),
it is presented using the median (interquartile range) and
categorical data as numbers (proportion). Demographics,
clinical data, and imaging data were stratified by MIB-1 index
and compared using the chi-square test for categorical data and
the Mann-Whitney U test for continuous variables. In addition,
a uni- and multivariable logistic regression analysis was used
with the MAC-score components as explanatory variables and
MIB-1 index > 5% as the binary outcome. Lastly, discrimination
of the score was quantified by calculating the area under the
receiver operating characteristics curve (AUC) statistic.
Generally, an AUC value of 0.9 — 1.0 represents excellent, 0.8 -
0.9 good, 0.7 - 0.8 fair, and 0.6 — 0.7 poor discriminative ability.
(19) The prognostic validity of the MAC-score was further
investigated by calculating the sensitivity and specificity of
each threshold. All statistical analyses were carried out in R
(version 4.1.2). Statistical significance was set at p < 0.05.

Results
Patient characteristics
Of the 138 patients screened, 108 were included in the study

(Figure 1). Complete data for all risk factors (mMCs > 2, age =
65 years, tumor calcification) were available in all included
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patients. The median age was 66 years (IQR 56 - 73) and 89
(82%) were female. Fifty-six patients (52%) had a MIB-1 index >
5%. The median pre-operative mMCs was 2 (IQR 2 - 3), and the
most common tumor location was the thoracic spine (n = 81,
75%). Fifteen (14%) of the tumors were calcified, and the median
MIB-1 index was 5 (IQR 3 - 5). One-hundred and seven (99%)
of the tumors were WHO grade 1, and one tumor was grade 2
(0.9%) (Table 2).

Association between MIB-1 index and
clinical features

Univariable and multivariable associations between MIB-
index > 5% and baseline characteristics, imaging, and surgical
data in the validation cohort, including the three components of
the MAC-score, showed significant association only for tumor
calcification (p = 0.008), but not for mMCs > 2, age > 65 years,
sex, tumor level, tumor extent, anterior tumor location, or
Simpson grade (Tables 3, 4).

External validation of the MAC-score

In our validation cohort, the AUC for the MAC-spinal
meningioma score was 0.61 (95% CI: 0.51 - 0.71) (Figure 2).
The cut-off points of 1, 2, 3 and 4 showed a sensitivity of 100%,
100%, 82%, and 45%, and a specificity of 2%, 12%, 35%, and
67%, respectively (Table 5). These results imply poor
discriminative ability of the score in our cohort.
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TABLE 2 Patient characteristics.

Variable Patients (n = 108)
Age (years) 66 (56 - 73)
Female sex 89 (82%)
Pre-operative mMCs 2(2-3)
Calcified tumor 15 (14%)
MIB-1 index 5.0 (3.0 - 5.0)
Tumor location

Cervical 26 (24%)

Thoracic 81 (75%)

Lumbar 1 (0.9%)
Simpson grade

Simpson grade IT 78 (72%)

Simpson grade III & IV 30 (28%)
WHO grade

WHO grade 1 107 (99%)

WHO grade 2 1 (0.9%)

Tumor growth or recurrence 4 (3.7%)

Data is presented as median (interquartile range) or number (proportion). mMCs,
modified McCormick scale; WHO, World Health Organization.

Discussion
Principal findings

We sought to externally validate the recently proposed
MAC-score for preoperative prediction of high MIB-1-index
in patients with spinal meningiomas. (10) The score awards two
points for the lack of calcification, and one point each for higher
age (= 65) and poor preoperative mMCs (= 2). A higher MAC-
score was suggested to indicate an increased risk of MIB-1 index
of 25% and be able to discriminate between stable and growing
spinal meningiomas. The original study also suggested a
correlation between MAC-score and longer hospital stay as
well as increased likelihood of improved postoperative mMCs.
In our validation cohort, the AUC for the MAC-spinal
meningioma score was 0.61 (95% CI: 0.51 - 0.71), as

10.3389/fonc.2022.1037495

compared to 0.83 (95% CI: 0.71 - 0.96) in the original
development cohort. Thus, the score showed poor
discriminative ability for MIB-1 index prediction in this
independent cohort. To further examine this failed validation
of the MAC-score, its main parameters will be discussed below.

Effect of calcification

Tumor calcification was a significant predictor of low MIB-1
index in our study. This is in line with the study by Wach et al.
and with the body of evidence regarding calcification as a marker
of reduced growth potential of meningiomas. (20) This is also
consistent with data from intracranial meningiomas. (20) The
calcified appearance of spinal meningiomas on CT is thought to
represent tightly packed psammoma bodies or the formation of
metaplastic lamellar bone microscopically (17, 18). With varying
definitions, calcified spinal meningiomas have been reported to
make up 2.6 to 75% of the total. (5, 21, 22) While calcified spinal
meningiomas may represent more quiescent tumors, they are
associated with more surgical complications and a less favorable
functional outcome after surgery, especially when ossification is
found intraoperatively (23-27).

Effect of age

We could not verify the finding that older age was
significantly associated with higher MIB-1 index. Previously
published evidence rather seems to indicate that young age is
associated with an increased risk of recurrence. (28-31) Notably,
several studies have also failed to find any significant correlation
between age and tumor recurrence. (5, 7, 21, 32) Previous studies
also indicate that elderly patients benefit from surgery for spinal
meningiomas and there are no significant differences regarding
extent of surgery, complications, or recurrence. (4, 5, 7, 33, 34)
Studies on the correlation between age and MIB-1-index in
cranial meningiomas have failed to show significant results.

TABLE 3 Data comparison between patients with a normal (< 5%) and increased (> 5%) MIB-1 index.

Variable MIB-1 < 5% (n = 52)
Age (years) 66 (55 - 74)
Female sex 41 (79%)
Preoperative mMCs 2(2-3)

Calcified tumor 12 (23%)

Cervical tumor 14 (27%)

Anterior tumor component 10 (19%)

> 2 spinal segments 4 (7.7%)

Simpson grade IIT & IV 18 (35%)

MIB-1 = 5% (n = 56) p-value
66 (58 - 72) 0973
48 (86%) 0.349
2(2-3) 0.479
3 (5.4%) 0.008
12 (21%) 0.434
14 (25%) 0471
5 (8.9%) >0.999
12 (21%) 0.126

Bold text in the p-value column indicates a statistically significant correlation (p < 0.05). Data is presented as median (interquartile range) or number (proportion).mMCs, modified

McCormick scale.
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TABLE 4 Univariable and forced-entry multivariable logistic regression analysis predicting MIB-1 index > 5%.

Variable OR (95% CI)

mMCs = 2 1.23 (0.49 - 3.13)
1.14 (0.53 - 2.45)

5.30 (1.56 — 24)

Age > 65 years

Absence of tumor calcification

mMCs, modified McCormick scale.
Bold text in the p-value column indicates a statistically significant correlation (p < 0.05).

A large study on 1372 patients found a nonsignificant trend
towards higher MIB-1 index in older patients, (35) and another
study on 385 patients, showed no differences in MIB-1 indices in
relation to age. (36) Moreover, there is no evidence pointing
towards spinal meningiomas having a more aggressive behavior
in elderly patients. (4, 37).

Effect of preoperative mMCs

We found no association between a higher mMCs score and
a higher MIB-1 index, thereby contradicting the findings by
Wach et al. (10) Arguably, fast growing tumors may result in
more severe neurological deficits and higher preoperative

Univariablep-value Multivariable p-value

0.663 0.721
0.731 0.496
0.014 0.012

mMCs. However, there is currently no evidence to support the
argument that a MIB-1 index > 5% accelerates tumor growth
sufficiently to negatively impact preoperative functional status.
The vast majority of spinal meningiomas have indices lower
than 4% (7, 37, 38) and further studies are needed to clarify the
clinical utility of the MIB-1 index for the predominantly low-
grade spinal meningiomas. Wach et al. also reported that
patients with a higher MAC-score improved more than those
with a lower score at three months follow-up. (10) Since the
MAC-score partly rests on the mMCs data, and only patients
with preoperative symptoms can improve, this finding becomes
self-evident. In addition, two previously published studies found
that the improvement in mMCs was correlated to the degree of
spinal cord compression rather than MIB-1 index, (4, 6) and age,

Sensitivity
0.6 0.8 1.0

0.4

0.2

AUC: 0.61 (0.51-0.71)

0.0

T T T
1.0 0.8 0.6

FIGURE 2

T T T
0.4 0.2 0.0

Specificity

ROC curve of the MAC-scores ability to identify patients with high MIB-1 index (black line: AUC 0.61, 95% CI 0.51 — 0.71). The diagonal grey line
indicates the model that has a completely random discrimination power.
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TABLE 5 Sensitivity and specificity for different MAC-score
thresholds.

MAC-score threshold Sensitivity Specificity
MAC 1
MAC2
MAC 3

MAC 4

100%
100%
82%
45%

2%
12%
35%
67%

sex, tumor location, and MIB-1 index all failed to significantly
correlate with postoperative mMCs improvement. (4).

Hospital stay

Wach et al. also explored the association between MIB-1
index and length of hospital stay, suggesting that MIB-1 index >
5% was associated with longer hospital stay. However, they
present no hypothesis as to why meningioma patients with a
MIB-1 index = 5% would require a longer hospital stay. In our
experience, length of hospital stay reflects local referral
structures between surgical clinics and rehab centers as much
as actual clinical aspects. Regarding the latter, more complex
surgeries, complications, (16, 39) and the management of
patients with comorbidities are likely to result in prolonged
hospital stay. Conversely, as argued above, the evidence suggests
that calcified tumors with a low MIB-1 index, rather than tumors
with a high MIB-1 index, are associated with more surgical
complications and longer hospital stays (22, 26, 27).

MIB-1 index

The same methodology was used to determine the MIB-1
index in this validation study and in the study performed by
Wach et al, indicating negligible variability in the measurement
of MIB-1 indices.

Regardless, inter-observer and inter-laboratory variabilities in
the measurement of proliferation indices like the MIB-1 index
have previously been reported. (40-43) However, the resulting
errors are systematic rather than random and affect all
measurements performed in a given laboratory and by a given
pathologist in a similar manner. While the absolute numbers and
averages would differ between analyses performed in different
settings, (40) the relative distributions would not, as an element of
proportionality should remain. This implies that associations
with the MIB-1 index, when treated as a continuous variable,
should be preserved in the presence of a big enough sample.
However, when dichotomizing MIB-1 indices, as performed in
the study by Wach et al, an absolute cut-off value determined at
one laboratory may not be valid at another. In accordance, several
studies have shown that MIB-1 cut-off values suggested for the
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prognostication of tumors have limited reproducibility between
centers in a multi-center setting. (40, 41) This, in turn, limits the
generalizability and usability of the MAC-score.

Methodological aspects

This validation study has several methodological strengths in
relation to the development study by Wach et al. The same MIB-
1 index determination technique, inclusion and exclusion
criteria were used and the distribution of sex, age, tumor
calcification, tumor location, pre-operative mMCs, MIB-1
indices, and the rate of tumor recurrence were similar. (4) The
validation cohort was population-based, with few exclusions due
to missing data thus minimizing selection biases.

It is likely that the unsuccessful validation of the MAC-score
is partly due to type I errors in the original study. For instance,
Wach et al. performed multiple comparisons on the same
dependent variable without compensating for the number of
inferences made. This could have been performed using a
Bonferroni correction. Alternatively, the authors could have
limited the events per variable (EVP), defined as the number
of events divided by the number of predictor variables used. An
EVP of 10 is often advocated as a minimal criterion in logistic
regression analyses. (11) For the study by Wach et al. where 55
events and 19 predictors where identified, an EVP of 2.9 was
calculated. This level is associated with considerable risk for type
I errors. (44) Furthermore, as no pre-hoc statistical analysis plan
was published, the steps leading to the choice of the evaluated
parameters making up the MAC-score cannot be evaluated. In
addition, the development study should ideally have randomly
divided the cohort into a derivation and validation subset,
allowing for internal validation to avoid overfitting. It should
also be noted that the authors presented mMCs using means and
standard deviations, even though it is an ordinal variable and
should have been presented using medians or proportions at
different cut-offs.

Clinical remarks

In the study by Wach et al, a higher MAC-score indicated an
increased likelihood of elevated MIB-1 index. Because a higher
MIB-1 index was significantly associated with a higher
recurrence rate, the authors deduced that the MAC-score was
also a predictor of tumor progression and recurrence rate.
However, there were only four recurrences in the material and
progression was not studied. Furthermore, the authors identified
a correlation between MAC-score and the length of hospital stay
without providing an explanatory theory for this. The authors
concluded that the score may “support preoperative patient-
surgeon consultation, surgical decision making and enable a
tailored follow-up schedule”. However, gross total resection is
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the gold standard for treatment of spinal meningiomas, and we
question the clinical usefulness of pre-operative prediction of
MIB-1 index in surgical decision making, as compared to
radiographic findings and clinical presentations. It has also
been demonstrated that shorter time from diagnosis to surgery
is a predictor of postoperative improvement, advising against a
watch-and-wait strategy. (4) In the postoperative phase, it will be
the extent of tumor resection, findings of the histopathological
analysis, and clinical status of the patient that decide the
management plan.

To assist clinicians in the management of spinal
meningioma patients, a clinical score or biomarker needs the
power to accurately predict outcomes or risk of tumor
recurrence. For outcome prediction, the score should ideally
be based on factors available before surgery to allow an informed
decision regarding whether surgery should be performed or not.
In addition, the score should rely on prognostic factors with an
established mechanistic role in the disease. Poor preoperative
status, longer time to surgery and reoperation are all predictors
of unfavorable outcome. (2, 4) Similarly, known risk factors for
tumor recurrence may for example include higher WHO grade
and higher Simpson grade resection. (2, 45, 46) Hence, in our
opinion, large multicentric datasets are needed to yield enough
power for scores to directly predict outcomes of clinical interest
(unfavorable neurologic status or recurrence) relying on well
documented and logical predictors.

Conclusion

The MAC-spinal meningioma score showed poor
discriminative ability when externally validated in an
independent cohort. Gross total resection is the gold standard
treatment of spinal meningiomas, and a pre-operative prediction
of MIB-1 index will have little to no impact on surgical decision
making. Based on these findings, clinical implementation of the
MAC-spinal meningioma score is discouraged.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

References

1. Ogasawara C, Philbrick BD, Adamson DC. Meningioma: A review of
epidemiology, pathology, diagnosis, treatment, and future directions.
Biomedicines (2021) 9(3):319. doi: 10.3390/biomedicines9030319

2. El-Hajj VG, Pettersson Segerlind J, Burstrom G, Edstrém E, Elmi-Terander
A. Current knowledge on spinal meningiomas: a systematic review protocol. BMJ
Open (2022) 12(6):e061614. doi: 10.1136/BMJOPEN-2022-061614

Frontiers in Oncology

10.3389/fonc.2022.1037495

Ethics statement

The studies involving human participants were reviewed and
approved by Regional and National Ethical Review Board.
Written informed consent for participation was not required
for this study in accordance with the national legislation and the
institutional requirements.

Author contributions

Data acquisition: VE-H, AF-S, JP-S and AE-T. Statistical
analysis: AF-S. Data interpretation: VE-H, AF-S, JP-S, EE, and
AE-T. Writing and creation of tables and figures: VE-H, AF-S,
AE-T. Proof reading: EE. All authors approved of the final

version prior to submission.

Funding

This research was supported by Region Stockholm
FoUI-959989.

Conflict of interest

AE-T was supported by Region Stockholm in a clinical
research appointment.

The remaining 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.

3. Pettersson-Segerlind J, von Vogelsang AC, Fletcher-Sandersjoé A, Tatter C,
Mathiesen T, Edstrém E, et al. Health-related quality of life and return to work after
surgery for spinal meningioma: A population-based cohort study. Cancers (2021)
13(24):6371. doi: 10.3390/CANCERS13246371

4. Pettersson-Segerlind J, Fletcher-Sandersjod A, Tatter C, Burstrdm G, Persson
O, Mathiesen T, et al. Long-term follow-up and predictors of functional outcome

frontiersin.org


https://doi.org/10.3390/biomedicines9030319
https://doi.org/10.1136/BMJOPEN-2022-061614
https://doi.org/10.3390/CANCERS13246371
https://doi.org/10.3389/fonc.2022.1037495
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

El-Hajj et al.

after surgery for spinal meningiomas: A population-based cohort study. Cancers
(Basel) (2021) 13(13):3244. doi: 10.3390/cancers13133244

5. Kobayashi K, Ando K, Matsumoto T, Sato K, Kato F, Kanemura T, et al.
Clinical features and prognostic factors in spinal meningioma surgery from a
multicenter study. Sci Rep (2021) 11(1):11630. doi: 10.1038/s41598-021-91225-z

6. Corell A, Cerbach C, Hoefling N, Bjérkman-Burtscher IM, Jakola AS. Spinal
cord compression in relation to clinical symptoms in patients with spinal
meningiomas. Clin Neurol Neurosurg (2021) 211:107018. doi: 10.1016/
j.clineuro.2021.107018

7. Hua L, Zhu H, DengJ, Tian M, Jiang X, Tang H, et al. Clinical and prognostic
features of spinal meningioma: a thorough analysis from a single neurosurgical
center. ] Neuro-Oncol (2018) 140(3):639-47. doi: 10.1007/s11060-018-2993-3

8. Voulgaris S, Alexiou GA, Mihos E, Karagiorgiadis D, Zigouris A,
Fotakopoulos G, et al. Posterior approach to ventrally located spinal
meningiomas. Eur Spine Journal : Off Publ Eur Spine Society Eur Spinal
Deformity Society Eur Section Cervical Spine Res Soc (2010) 19(7):1195-9. doi:
10.1007/s00586-010-1295-z

9. Ono K, Shimizu T, Fujibayashi S, Otsuki B, Murata K, Sakamoto A, et al.
Predictive value of heterogeneously enhanced magnetic resonance imaging
findings with computed tomography evidence of calcification for severe motor
deficits in spinal meningioma. Neurospine (2021) 18(1):163-9. doi: 10.14245/
ns.2040494.247

10. Wach J, Hamed M, Lampmann T, Giiresir A., Schmeel FC, Becker AJ, etal.
MAC-spinal meningioma score: A proposal for a quick-to-use scoring sheet of the
MIB-1 index in sporadic spinal meningiomas. Front Oncol (2022) 0:966581.
doi: 10.3389/FONC.2022.966581

11. Steyerberg EW. Clinical prediction models. (New York, NY, USA: Springer
International Publishing) (2019). doi: 10.1007/978-3-030-16399-0

12. Toll DB, Janssen KJM, Vergouwe Y, Moons KGM. Validation, updating and
impact of clinical prediction rules: A review. J Clin Epidemiol (2008) 61(11):1085-
94. doi: 10.1016/J.JCLINEPI1.2008.04.008

13. Altman DG, Vergouwe Y, Royston P, Moons KGM. Prognosis and
prognostic research: validating a prognostic model. BMJ (2009) 338(7708):1432—
5. doi: 10.1136/BM].B605

14. Altman DG, Royston P. What do we mean by validating a prognostic
model? Stat Med (2000) 19(4):453-73. doi: 10.1002/(SICI)1097-0258(20000229)
19:4<453::AID-SIM350>3.0.CO;2-5

15. Zhu Q, Qian M, Xiao J, Wu Z, Wang Y, Zhang J. Myelopathy due to calcified
meningiomas of the thoracic spine: minimum 3-year follow-up after surgical
treatment. J Neurosurg Spine (2013) 18(5):436-42. doi: 10.3171/
2013.2.SPINE12609

16. Davarski A, Kitov B, Apostolov G, Kehayov I, Stoyanova R. Correlations
between preoperative clinical factors and treatment outcome of spinal
meningiomas - a retrospective study of a series of 31 cases. Surg Neurol Int
(2021) 12(236):236. doi: 10.25259/SNI_927_2020

17. Louis DN, Ohgaki H, Wiestler OD, Cavenee WK, Burger PC, Jouvet A, et al.
WHO classification of tumours of the central nervous system. Acta Neuropathol
(2007) 114(2):97-109. doi: 10.1007/s00401-007-0243-4

18. Sahm F, Reuss DE, Giannini C. WHO 2016 classification: changes and
advancements in the diagnosis of miscellaneous primary CNS tumours.
Neuropathol Appl Neurobiol (2018) 44(2):163-71. doi: 10.1111/nan.12397

19. Fan], Upadhye S, Worster A. Understanding receiver operating characteristic
(ROC) curves. CJEM (2006) 8(1):19-20. doi: 10.1017/S1481803500013336

20. Kasuya H, Kubo O, Tanaka M, Amano K, Kato K, Hori T. Clinical and
radiological features related to the growth potential of meningioma. Neurosurg Rev
(2006) 29(4):293-7. doi: 10.1007/S10143-006-0039-3/TABLES/3

21. Maiti TK, Bir SC, Patra DP, Kalakoti P, Guthikonda B, Nanda A. Spinal
meningiomas: clinicoradiological factors predicting recurrence and functional
outcome. Neurosurg Focus (2016) 41(2):E6. doi: 10.3171/2016.5.FOCUS16163

22. Kobayashi K, Ando K, Nakashima H, Machino M, Kanbara S, Ito S, et al.
Characteristics of cases with and without calcification in spinal meningiomas. J Clin
Neurosci (2021) 89:20-5. doi: 10.1016/].JOCN.2021.04.019

23. Sandalcioglu IE, Hunold A, Miiller O, Bassiouni H, Stolke D, Asgari S.
Spinal meningiomas: critical review of 131 surgically treated patients. Eur Spine
Journal : Off Publ Eur Spine Society Eur Spinal Deformity Society Eur Section
Cervical Spine Res Soc (2008) 17(8):1035-41. doi: 10.1007/s00586-008-0685-y

24. Levy WJ, Bay J, Dohn D. Spinal cord meningioma. | Neurosurg (1982) 57
(6):804-12. doi: 10.3171/JNS.1982.57.6.0804

25. Roux FX, Nataf F, Pinaudeau M, Borne G, Devaux B, Meder JF. Intraspinal
meningiomas: Review of 54 cases with discussion of poor prognosis factors and
modern therapeutic management. Surg Neurol (1996) 46(5):458-64. doi: 10.1016/
S0090-3019(96)00199-1

Frontiers in Oncology

08

10.3389/fonc.2022.1037495

26. Kim J-Y, Min W-K, Kim J-E, Park KH, Mun J-U. Two case reports of
calcified spinal meningioma and a literature review. ] Korean Soc Spine Surg (2016)
23(4):227-33. doi: 10.4184/JKSS.2016.23.4.227

27. Chang HK, Wu JC, Lin DSC, Chang CC, Tu TH, Huang WC, et al. Letter to
the Editor: Calcified meningiomas. J Neurosurg: Spine (2014) 20(1):117-9.
doi: 10.3171/2013.6.SPINE13512

28. Nakamura M, Tsuji O, Fujiyoshi K, Hosogane N, Watanabe K, Tsuji T, et al.
Long-term surgical outcomes of spinal meningiomas. Spine (2012) 37(10):E617-
23. doi: 10.1097/BRS.0b013e31824167f1

29. Cohen-Gadol AA, Zikel OM, Koch CA, Scheithauer BW, Krauss WE. Spinal
meningiomas in patients younger than 50 years of age: a 21-year experience. J
Neurosurg (2003) 98(3 Suppl):258-63. doi: 10.3171/SP1.2003.98.3.0258

30. Kwee LE, Harhangi BS, Ponne GA, Kros JM, Dirven CMF, Dammers R.
Spinal meningiomas: Treatment outcome and long-term follow-up. Clin Neurol
Neurosurg (2020) 198:106238. doi: 10.1016/].CLINEURO.2020.106238

31. Setzer M, Vatter H, Marquardt G, Seifert V, Vrionis FD. Management of
spinal meningiomas: surgical results and a review of the literature. Neurosurg Focus
(2007) 23(4):E14. doi: 10.3171/FOC-07/10/E14

32. Ye ], Lv G, Qian J, Zhu J, Han R, Luo C. Clinical features and prognostic
factors of WHO II and III adult spinal meningiomas: analysis of 25 cases in a single
center. | Neuro-Oncol (2016) 128(2):349-56. doi: 10.1007/s11060-016-2119-8

33. Gilard V, Goia A, Ferracci FX, Marguet F, Magne N, Langlois O, et al. Spinal
meningioma and factors predictive of post-operative deterioration. J Neuro-Oncol
(2018) 140(1):49-54. doi: 10.1007/s11060-018-2929-y

34. Schaller B. Spinal meningioma: relationship between histological subtypes
and surgical outcome? J Neuro-Oncol (2005) 75(2):157-61. doi: 10.1007/S11060-
005-1469-4

35. Eksi MS., Canbolat C., Akbas A, Ozmen BB, Akpinar E, Usseli ML, et al.
Elderly patients with intracranial meningioma: Surgical considerations in 228
patients with a comprehensive analysis of the literature. World Neurosurg (2019)
132:350-65. doi: 10.1016/].WNEU.2019.08.150

36. Roser F, Nakamura M, Ritz R, Bellinzona M, Dietz K, Samii M, et al.
Proliferation and progesterone receptor status in benign meningiomas are not age
dependent. Cancer (2005) 104(3):598-601. doi: 10.1002/CNCR.21192

37. Maiuri F, Del Basso De Caro ML, de Divitiis O, Vergara P, Mariniello G.
Spinal meningiomas: age-related features. Clin Neurol Neurosurg (2011) 113(1):34—
8. doi: 10.1016/j.clineuro.2010.08.017

38. Barresi V, Alafaci C, Caffo M, Barresi G, Tuccari G. Clinicopathological
characteristics, hormone receptor status and matrix metallo-proteinase-9 (MMP-
9) immunohistochemical expression in spinal meningiomas. Pathol Res Pract
(2012) 208(6):350-5. doi: 10.1016/J.PRP.2012.02.013

39. Iacoangeli M, Gladi M, Dobran M, Alvaro L, Nocchi N, Maria LG, et al.
Minimally invasive surgery for benign intradural extramedullary spinal
meningiomas: experience of a single institution in a cohort of elderly patients
and review of the literature. Clinical interventions in aging. (2012) 7:557-64. doi:
10.2147/CIA.S38923

40. Blank A, Wehweck L, Marinoni I, Boos LA, Bergmann F, Schmitt AM, et al.
Interlaboratory variability of MIBI staining in well-differentiated pancreatic
neuroendocrine tumors. Virchows Archiv (2015) 467(5):543-50. doi: 10.1007/
500428-015-1843-3/FIGURES/3

41. Mengel M, von Wasielewski R, Wiese B, Riidiger T, Miiller-Hermelink HK,
Kreipe H. Inter-laboratory and inter-observer reproducibility of
immunohistochemical assessment of the ki-67 labelling index in a large multi-
centre trial. J Pathol (2002) 198(3):292-9. doi: 10.1002/PATH.1218

42. Varga Z, Diebold J, Dommann-Scherrer C, Frick H, Kaup D, Noske A, et al.
How reliable is ki-67 immunohistochemistry in grade 2 breast carcinomas? a QA
study of the Swiss working group of breast- and gynecopathologists. PloS One
(2012) 7(5):€37379. doi: 10.1371/JOURNAL.PONE.0037379

43. Robertson S, Acs B, Lippert M, Hartman J. Prognostic potential of
automated Ki67 evaluation in breast cancer: different hot spot definitions versus
true global score. Breast Cancer Res Treat (2020) 183(1):161-75. doi: 10.1007/
§10549-020-05752-W

44. Vittinghoff E, McCulloch CE. Relaxing the rule of ten events per variable in
logistic and cox regression. Am ] Epidemiol (2007) 165(6):710-8. doi: 10.1093/AJE/
KWKO052

45. Maiuri F, Del Basso De Caro M, de Divitiis O, Guadagno E, Mariniello G.
Recurrence of spinal meningiomas: analysis of the risk factors. Br ] Neurosurg
(2020) 34(5):569-74. doi: 10.1080/02688697.2019.1638886

46. Kim CH, Chung CK, Lee SH, Jahng TA, Hyun §J, Kim K], et al. Long-term
recurrence rates after the removal of spinal meningiomas in relation to Simpson
grades. Eur Spine J (2016) 25(12):4025-32. doi: 10.1007/S00586-015-4306-2/
FIGURES/2

frontiersin.org


https://doi.org/10.3390/cancers13133244
https://doi.org/10.1038/s41598-021-91225-z
https://doi.org/10.1016/j.clineuro.2021.107018
https://doi.org/10.1016/j.clineuro.2021.107018
https://doi.org/10.1007/s11060-018-2993-3
https://doi.org/10.1007/s00586-010-1295-z
https://doi.org/10.14245/ns.2040494.247
https://doi.org/10.14245/ns.2040494.247
https://doi.org/10.3389/FONC.2022.966581
https://doi.org/10.1007/978-3-030-16399-0
https://doi.org/10.1016/J.JCLINEPI.2008.04.008
https://doi.org/10.1136/BMJ.B605
https://doi.org/10.1002/(SICI)1097-0258(20000229)19:4%3C453::AID-SIM350%3E3.0.CO;2-5
https://doi.org/10.1002/(SICI)1097-0258(20000229)19:4%3C453::AID-SIM350%3E3.0.CO;2-5
https://doi.org/10.3171/2013.2.SPINE12609
https://doi.org/10.3171/2013.2.SPINE12609
https://doi.org/10.25259/SNI_927_2020
https://doi.org/10.1007/s00401-007-0243-4
https://doi.org/10.1111/nan.12397
https://doi.org/10.1017/S1481803500013336
https://doi.org/10.1007/S10143-006-0039-3/TABLES/3
https://doi.org/10.3171/2016.5.FOCUS16163
https://doi.org/10.1016/J.JOCN.2021.04.019
https://doi.org/10.1007/s00586-008-0685-y
https://doi.org/10.3171/JNS.1982.57.6.0804
https://doi.org/10.1016/S0090-3019(96)00199-1
https://doi.org/10.1016/S0090-3019(96)00199-1
https://doi.org/10.4184/JKSS.2016.23.4.227
https://doi.org/10.3171/2013.6.SPINE13512
https://doi.org/10.1097/BRS.0b013e31824167f1
https://doi.org/10.3171/SPI.2003.98.3.0258
https://doi.org/10.1016/J.CLINEURO.2020.106238
https://doi.org/10.3171/FOC-07/10/E14
https://doi.org/10.1007/s11060-016-2119-8
https://doi.org/10.1007/s11060-018-2929-y
https://doi.org/10.1007/S11060-005-1469-4
https://doi.org/10.1007/S11060-005-1469-4
https://doi.org/10.1016/J.WNEU.2019.08.150
https://doi.org/10.1002/CNCR.21192
https://doi.org/10.1016/j.clineuro.2010.08.017
https://doi.org/10.1016/J.PRP.2012.02.013
https://doi.org/10.2147/CIA.S38923
https://doi.org/10.1007/S00428-015-1843-3/FIGURES/3
https://doi.org/10.1007/S00428-015-1843-3/FIGURES/3
https://doi.org/10.1002/PATH.1218
https://doi.org/10.1371/JOURNAL.PONE.0037379
https://doi.org/10.1007/S10549-020-05752-W
https://doi.org/10.1007/S10549-020-05752-W
https://doi.org/10.1093/AJE/KWK052
https://doi.org/10.1093/AJE/KWK052
https://doi.org/10.1080/02688697.2019.1638886
https://doi.org/10.1007/S00586-015-4306-2/FIGURES/2
https://doi.org/10.1007/S00586-015-4306-2/FIGURES/2
https://doi.org/10.3389/fonc.2022.1037495
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Unsuccessful external validation of the MAC-score for predicting increased MIB-1 index in patients with spinal meningiomas
	Introduction
	Methods
	Patient selection and study setting
	Variables
	Statistical analysis

	Results
	Patient characteristics
	Association between MIB-1 index and clinical features
	External validation of the MAC-score

	Discussion
	Principal findings
	Effect of calcification
	Effect of age
	Effect of preoperative mMCs
	Hospital stay
	MIB-1 index
	Methodological aspects
	Clinical remarks

	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


