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Abstract
Introduction  Despite optimal surgical resection, meningiomas may recur, with increasing grade and the degree of resec-
tion being predictive of risk. We hypothesize that an increasing Ki67 correlates with a higher risk of recurrence of resected 
WHO grade I meningiomas.
Methods  The study population consisted of patients with resected WHO grade 1 meningiomas in locations outside of the 
base of skull. Digitally scanned slides stained for Ki67 were analyzed using automatic image analysis software in a stand-
ardized fashion.
Results  Recurrence was observed in 53 (17.7%) of cases with a median follow up time of 25.8 months. Ki67 ranged from 
0 to 30%. Median Ki67 was 5.1% for patients with recurrence and 3.5% for patients without recurrence. In unadjusted 
analyses, high Ki-67 (≥ 5 vs. < 5) vs. ≥ 5) was associated with over a twofold increased risk of recurrence (13.1% vs. 27% 
respectively; HR 2.1731; 95% CI [1.2534, 3.764]; p = 0.006). After Adjusting for patient or tumor characteristics, elevated 
Ki-67 remained significantly correlated with recurrence. Grade 4 Simpson resection was noted in 71 (23.7%) of patients and 
it was associated with a significantly increased risk of recurrence (HR 2.56; 95% CI [1.41, 4.6364]; p = 0.002).
Conclusions  WHO grade 1 meningiomas exhibit a significant rate of recurrence following resection. While Ki-67 is not part 
of the WHO grading criteria of meningiomas, a value greater than 5% is an independent predictor for increased risk of local 
recurrence following surgical resection.
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Introduction

Meningiomas are the most common primary intracranial 
neoplasm, accounting for 34% of all primary CNS tumors 
in the United States [1]. The majority, over 75%, of resected 

meningioma cases are classified as a WHO grade I menin-
gioma. For patients with evidence of disease progression or 
with symptomatic lesions, surgical resection is the stand-
ard of care when the meningioma is located in an acces-
sible location. The extent of resection is graded according 
to the Simpson grading system, which classifies meningi-
oma resections into five grades; grades I–III are considered 
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complete tumor removal with different degrees of dura resec-
tion/coagulation. However, a grade IV is a subtotal resection 
and grade V is a simple decompression [2]. Despite optimal 
surgical resection, meningiomas frequently recur. One factor 
associated with increased recurrence is the extent of resec-
tion, with significantly lower rates of recurrence in patients 
with complete resections [3–5]. Another factor strongly 
associated with recurrence is histologic grade, with increas-
ing grade correlating with higher rates of recurrence [6]. 
Unlike with atypical (WHO grade II) and anaplastic (WHO 
grade III) meningiomas, where the indications for post-oper-
ative radiotherapy (RT) are less controversial, for patients 
with WHO grade I meningiomas, indications for the use of 
post-operative radiotherapy are not clearly defined. While 
considered a benign entity, they have a long natural history 
and recurrence rates are as high as 30% at 15 years following 
resection have been reported [5].

The Ki67 protein is a nuclear protein associated with 
ribosomal RNA transcription. It is a cellular marker of pro-
liferation, and the Ki67 labeling index is widely used across 
several malignancies as a proxy of rapid growth and there-
fore aggressiveness of a tumor. In meningiomas, increasing 
Ki67 values have been correlated with tumor grade, with 
reported labeling indices ranges of 1–16% (average 3%) for 
grade I meningiomas, 2–20% (average 8%) for grade II men-
ingiomas, and 7–32% (average 17%) for grade III meningi-
omas [7]. In addition, high Ki67 is correlated with higher 
rates of recurrence [8, 9]. However, the studies examining 
the relationship between Ki67 and recurrence frequently use 
visual estimation by the pathologist, which is more likely 
to have poor inter- and intra-observer concordance [10]. 
In our study, we aimed to demonstrate that an increasing 
Ki67 labeling index, as detected by a reliable, validated, 
and automated method [11, 12], correlates with a higher 
risk of recurrence in patients with resected WHO grade 1 
meningiomas.

Methods and materials

Patient selection

This is a retrospective study performed with institutional 
IRB approval (IRB#13D.551). We identified 535 consecu-
tive patients with WHO grade 1 meningiomas who under-
went resection from 2005 to 2013 by querying the insti-
tutional tumor registry. The WHO grade I meningiomas 
analyzed in this study meet the criteria for classification and 
grading as meningioma, WHO grade I by the 2016 Classi-
fication of Tumors of the Central Nervous system [13]. The 
study sample consisted of 314 specimens that were located 
outside the base of skull. Meningiomas arising from the base 
of skull were excluded due to institutional preference to treat 

with radiation alone and these rarely underwent resection. 
An additional 15 patients were excluded due to unavailable 
tissue blocks or operative reports making 299 meningioma 
specimens were eligible for the final analysis. Initial patient 
and tumor characteristics as well as follow up data were 
obtained from medical records. Recurrence was defined as 
tumor growth on follow up MRI imaging of the brain using 
MacDonalds criteria [14]. The imaging frequency was as 
follows: 3 months after surgery of RT, then every 6 months 
for 2 years, then annually. As this was a retrospective study, 
patient consent was not required.Tissue analysis

Deparaffinized tissue sections were stained with Ven-
tana CONFIRM anti-Ki-67 (30-9) Rabbit Monoclonal Pri-
mary Antibody and hematoxylin counter stain utilizing the 
U ultraView DAB method on the VENTANA BenchMark 
ULTRA IHC/ISH Staining Module. Stained sections were 
then scanned at 20 × on the Aperio Scan Scope XT (Leica 
Biosystems Lab Solutions, Buffalo Grove, IL)). A repre-
sentative area of meningioma was selected for quantification 
of Ki67 staining and was quantified with the Aperio IHC-
nuclear detection algorithm to detect the number of posi-
tively stained nuclei and calculate the percentage of posi-
tively stained nuclei. The average area analyzed was 68 mm2 
and the average number of nuclei analyzed per each case 
was 234,996. All slides (including those with a previously 
reported Ki67 value in the pathology report) were analyzed 
in such fashion at the time of the study by a neuropathologist 
to ensure consistency and reproducibility of Ki67 scoring.

Treatment delivery

Simpson grading of resection extent was determined by a 
single neurosurgeon (A.C.) based on operative reports and 
imaging performed within 48 h of surgery. RT was per-
formed on a dedicated stereotactic linear accelerator with 
6 MV photon energy. Those receiving RT were treated 
with stereotactic fractionated RT (FSRT) to a total dose of 
5400 cGy for immediate postoperative RT (n = 13), or to 
a total salvage dose of 5400 cGy (n = 10), with 9 salvage 
patients receiving doses ranging from 4650 to 6000 cGy, all 
in 180 cGy-200 cGy daily fractions. A smaller patient group 
received a single fraction radiosurgery (SRS) of 1500 cGy 
(20 pts salvage SRS; 4 pts postoperative SRS) or 1800 cGy 
(3 salvage). Patients were immobilized with a customized 
rigid aquaplast mask and underwent daily image guidance 
(IGRT) with a commercial two-dimensional system (Exac-
Trac, BrainLab, Munich, Germany). Post-operative radiation 
therapy was defined as therapy directed at the resection bed 
and starting within 6 months from surgery. The need for 
post-operative RT was made on a case-by-case basis by the 
treating physician. Conversely, salvage RT was defined as 
starting more than 6 months after the initial resection.
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Statistical analysis

Sample characteristics were summarized using frequencies 
and percentages. Ki67 was monotonically, but not linearly 
associated with increased risk of recurrence. To account for 
this and suggest a reasonable risk threshold from these data, 
Ki67 values were dichotomized as ≥ 5% vs. < 5% which 
corresponds to the median Ki67 among patients that expe-
rienced recurrence. Time to recurrence was calculated as 
time from surgery to first recurrence (defined as the date 
of the imaging study showing recurrence) and censored at 
date of last contact or death. Log-rank tests were used to 
test the association between explanatory factors and recur-
rence. Cox proportional hazards models were used to test the 
relationship between Ki67 level and risk of recurrence both 
univariably and while controlling for other study variables 
including gender, age, Simpson grade of resection extent, 
post-operative RT use and tumor location (as mixed site vs. 
single site). The significance level for all test was set at 0.05. 
Analyses were performed using SAS 9.4 (SAS Institute Inc., 
Cary, NC).

Results

Baseline patient, tumor and treatment 
characteristics

Records and specimens of 299 patients with meningiomas 
were analyzed. The median follow up time was 31.5 months 
(range 0–123.7 months). The baseline characteristics are 
shown in Table 1. Women constituted 69% of the analyz-
able sample. Mean patient age was 59.5 years (SD 13.9). 
The majority of patients had a Simpson grade I resection 
(46.2%). Median Ki-67 value was 3.5 (mean 4.9; range 
0–30).

Only a fraction (n=64; 21.4%) of patients had RT at any 
time after surgery, and the majority received RT as salvage 
for recurrence rather than post-operatively (n= 46 [15.4%] 
vs. n=18 [6%]).

Factors affecting recurrence

Recurrence of the meningioma was observed in 53 (17.7%) 
of cases examined, occurring at the median time of 20.3 
months. Median Ki67 was 5.1% for patients with recurrence 
and 3.5% for patients without recurrence. In unadjusted anal-
yses, high Ki-67 (≥ 5 vs. < 5) was associated with over a 
2-fold increased risk of recurrence (13.1% vs. 27.0% respec-
tively; HR 2.31; 95% CI [1.34, 4.00]; p = 0.003) (Fig. 1 and 
Table 2).

Adjusting for patient demographics or tumor characteris-
tics (including Simpson Grade) did not significantly impact 

the risk relationship between Ki-67 and recurrence. Grade 4 
Simpson resection, which is a partial removal of tumor, was 
noted in 71 (23.7%) of patients and it was associated with a 
significantly increased risk of recurrence (HR 2.56 95% CI 
[1.41, 4.64]; p = 0.002) compared to patients with Simpson 
Grade 1-3 resection, which are all considered to achieve 
macroscopically complete removal of tumor (Table 2). How-
ever, there was no significant difference in the distribution 
of Ki-67 values between patients with Simpson resection 
Grades 1, 2, 3 or 4 (Fig. 2 and Table 3).

Impact of radiation

RT was given to 64 patients; in 18 patients, post-operatively 
based on physician judgment and in 46, as salvage after 
recurrence. Whereas post-operative RT appeared to reduce 
the risk of recurrence (HR 0.53 95% CI [0.16, 1.74]; p = 
0.298), the number of patients who received immediate post-
operative RT (n=18) was too small to show a statistically 
significant benefit.

Discussion

Despite the reported propensity of WHO grade I meningi-
omas to recur with increasing observation time after resec-
tion, there are no clear guidelines regarding the appropri-
ate use of or timing of post-operative radiotherapy. While 
Ki-67 assessment is not part of the WHO grading criteria of 
meningiomas, in our study a value greater than 5% strongly 
correlated with an increased risk of local recurrence fol-
lowing surgical resection (HR 2.17), independent of the 
extent of resection, which also correlates with recurrence. 
We therefore propose Ki-67 scoring as a standard compo-
nent of meningioma pathology reports, as measured by the 
digital pathology with quantitative image analysis of Ki-67 
staining.

Previously published series have shown RT to be an effec-
tive primary treatment for benign meningiomas, with 10 year 
local control rates of 90% or higher [15, 16] and high rates 
of symptom improvement for those patients that present 
with symptomatic disease [12]. The completeness of resec-
tion has been customarily graded according to the Simpson 
Grade (1–4), with Grades 1–3 considered a “gross total” 
resection, and Grade 4 considered a “subtotal” resection [2, 
17], depending on the complete removal of the tumor, dural 
attachments and involved bone. The recurrence rate after 
the subtotal resection is high and increases with observa-
tion period, with 5-year and 10-year rates of 37–62% and 
52–100%, respectively [16]. Post-operative radiation ther-
apy following a subtotal resection of benign meningiomas 
reduces the rates of subsequent recurrence. In the MDACC 
series of 92 patients with WHO grade I meningiomas, 5 year 
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PFS was 91% for patients treated with post-operative RT, 
compared to 32% for patients treated with STR alone [18]. 
No Ki-67 information was available in this study.

The multi-institutional prospective trial, RTOG 0539, 
was a Phase II clinical study that aimed to tailor postop-
erative radiation therapy for patients with meningiomas 
based on their risk stratification, taking into account the 
extent of resection, histology and evidence of recurrence 

[19]. While this trial was an important attempt to add to 
the body of available data and to clarify guidelines for 
post-operative treatment of meningiomas, patients with 
newly diagnosed WHO grade I meningiomas were con-
sidered low risk, regardless of extent of resection, and 
therefore did not receive any radiation. Patients with low 
risk meningiomas (newly diagnosed WHO grade I men-
ingiomas, regardless of extent of resection) had a 5 year 

Table 1   Patient and tumor 
characteristics

  All Recurrence   log-rank
No Yes p-value

Total, n (%) 299 (100.0) 246 (82.3) 53 (17.7)
Gender, n (%) 0.792
 Female 205 (68.6) 169 (82.4) 36 (17.6)
 Male 94 (31.4) 77 (81.9) 17 (18.1)

Age, mean (SD) 59.5 (13.94) 59.3 (14.41) 60.3 (11.59)
Age, n (%) 0.111
 < 50 78 (26.1) 69 (88.5) 9 (11.5)
 50–59 70 (23.4) 57 (81.4) 13 (18.6)
 60–69 74 (24.7) 55 (74.3) 19 (25.7)
 70–79 52 (17.4) 42 (80.8) 10 (19.2)
 80+ 25 (8.4) 23 (92.0) 2 (8.0)

Ki-67, mean (SD) 4.9 (4.45) 4.6 (4.20) 6.4 (5.24)
Ki-67, median [Q1, Q3] 3.5 [2.0, 6.3] 3.5 [1.9, 5.5] 5.1 [2.3, 9.3]
Ki-67, n (%) 0.002
 [0, 5) 199 (66.7) 173 (86.9) 26 (13.1)
 [5, 30] 100 (33.4) 73 (73.0) 27 (27.0)

Grade, n (%)
 1 299 (100.0) 246 (82.3) 53 (17.7) –

Side, n (%) 0.951
 Left 153 (51.2) 124 (81.0) 29 (19.0)
 Right 134 (44.8) 112 (83.6) 22 (16.4)
 Bilateral 12 (4.0) 10 (83.3) 2 (16.7)

Location, n (%) 0.077
 Frontal 141 (47.2) 120 (85.1) 21 (14.9)
 Parietal 50 (16.7) 40 (80.0) 10 (20.0)
 Temporal 19 (6.4) 17 (89.5) 2 (10.5)
 Occipital 20 (6.7) 17 (85.0) 3 (15.0)
 Mixed site 45 (15.1) 31 (68.9) 14 (31.1)
 Cerebellar 24 (8.0) 21 (87.5) 3 (12.5)

Resection extent, n (%) 0.006
 1 138 (46.2) 120 (87.0) 18 (13.0)
 2 45 (15.1) 40 (88.9) 5 (11.1)
 3 45 (15.1) 37 (82.2) 8 (17.8)
 4 71 (23.7) 49 (69.0) 22 (31.0)

Concerning features, n (%) 0.196
 Yes 11 (3.7) 7 (63.6) 4 (36.4)
 No 288 (96.3) 239 (83.0) 49 (17.0)

Adjuvant RT n (%)
 Yes 18 (6) 16 (88) 2 (12) 0.298
 No 281 (94) 229 (81.5) 52 (18.5)
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progression-free survival (PFS) of 86.1% and a 5 year 
local failure (LF) rate of 12.5%, whereas intermediate risk 
patients (recurrent WHO grade I meningiomas or newly 
diagnosed WHO grade II meningiomas with gross total 
resection) had a 5 year PFS of 83.7% and a 5 year LF of 
14.2%19. Therefore, the indications for postoperative RT 
for WHO grade I meningiomas (if any), continue to remain 
unclear.

Several previous studies have demonstrated that higher 
Ki-67 confers a higher rate of recurrence, but various scoring 
techniques with variable accuracies were employed [20–22]. 
To our knowledge, ours is the first study in meningioma, 
where Ki-67 was rigorously analyzed using an automated 
image analysis software that allows for reliable determina-
tion of Ki-67 values, minimizing the inter-observer vari-
ability [11, 12]. A similar analysis was recently reported in 
breast cancer [23], where the computer assisted image analy-
sis allowed determination of a threshold Ki-67 value ≥ 14% 
predicting in a multivariate analysis an increased likelihood 
of recurrence and shorter overall survival in 440 patients.

In our study, a small subset of patients who received 
post-operative RT did indeed have lower rates of menin-
gioma recurrence. Given the strong correlation of Ki-67 
with subsequent recurrence, its role as a prognostic factor 
deserves further investigation in a prospective fashion. We 
propose a prospective, clinical trial that utilizes Ki-67 to 
risk-stratify patients with WHO grade I resected menin-
giomas, randomizing patients deemed high risk based on 
Ki-67 above 5 to immediate post-operative RT vs. active 
surveillance, and employing observation only for low risk 
patients. Such a trial would represent an important step 
in validating Ki-67 as a prognostic tool as well as further 
dissecting the role of post-operative radiation for high risk 
low grade meningiomas. An important question whether 
adjuvant radiation is as effective as salvage radiotherapy 
remains unanswered for Grade 1 meningiomas, although 
there is accumulating evidence that patients with atypical 
meningiomas have a higher second recurrence risk when 
receiving salvage vs. immediate postoperative radiation 

Fig. 1   Kaplan-Meier time to recurrence based on Ki-67 (<5 vs 5 or 
higher)

Table 2   Multivariate analysis of local recurrence

HR 95% CI p value Overall p value

Ki-67 group
 [5, 30] vs. [0, 5] 2.18 1.24 3.85 0.007 0.007

Post-operative RT
 Yes vs. No 0.33 0.09 1.19 0.090 0.090

Gender
 Male vs. Female 0.91 0.50 1.66 0.749 0.749

Age
 50–59 vs. < 50 1.55 0.64 3.72 0.330 0.125
 60–69 vs. < 50 2.67 1.17 6.12 0.020
 70+ vs. < 50 1.67 0.70 4.01 0.249

Resection extent
 4 vs. 1–3 2.56 1.41 4.64 0.002 0.002

Location
 Mixed site vs. Other 1.74 0.88 3.46 0.114 0.114

Fig. 2   Box plot of Ki-67 by Simpson resection grade

Table 3   Distribution of Ki-67 values based on Simpson resection 
grade

Ki67

Median Min Max Mean SD

All 3.5 0.0 30.0 4.9 4.4
Simpson resec-

tion extent
 1 3.5 0.0 26.0 4.8 4.3
 2 3.6 0.5 14.7 4.4 3.6
 3 3.5 0.7 17.3 4.3 3.5
 4 4.0 0.4 30.0 6.0 5.6
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[24]. This topic is currently investigated in the NRG 
Oncology BN003 Phase III trial of observation versus irra-
diation for a gross totally resected Grade 2 meningioma 
[NCT03180268].

There are several important limitations of our retrospec-
tive study, which should be considered when interpreting the 
data for individual patients. Our patient population included 
both irradiated and non-irradiated patients in adjuvant and 
salvage settings. Our follow-up of a median of 2.5 years 
may not capture all late recurrences, although the primary 
endpoint for RTOG 0539 was PFS at 3 years [19].

While the decision regarding the use of post-operative 
RT remains a highly individualized decision based on sev-
eral patient factors, our study indicates that Ki-67 may be 
an additional important factor to help tailor personalized 
treatment decisions. It is important to weigh the risks and 
benefits of close observation with serial MRI imaging and 
use of adjuvant radiotherapy with the patient to make treat-
ment decisions. Recurrent meningiomas may be salvaged 
based on RTOG 0539 data but recurrent tumors may require 
further surgery, changing quality of life. These risks should 
be balanced by earlier initiation of radiation, which may lead 
to toxicity or (rarely) second cancers. Using molecular char-
acteristics of tumor to better define subgroups of patients at 
high risk of recurrence may best help balance the compet-
ing risks between recurrence and radiation treatment. Our 
data provides additional information to aid shared decision 
making with the patient until future prospective trials can 
better define high-risk patients. Future studies may also fur-
ther define sub groups at risk for recurrence analyzing p53, 
MIB-1 and angiogenic markers.

Conclusions

A proportion of low grade, WHO grade I meningiomas will 
exhibit a high rate of recurrence following resection. Finding 
personalized markers that may help to differentiate between 
low vs. high-risk WHO grade 1 meningiomas is important. 
While Ki-67 is not part of the WHO grading criteria of men-
ingiomas, a value greater than 5% strongly correlates with an 
increased risk of local recurrence following surgical resec-
tion. Post-operative RT for patients with high Ki-67 levels 
should be further investigated in prospective studies.
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