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CORRESPONDENCE

Loss over 5% of chromosome 1p is a clinically relevant and applicable 
cut-off for increased risk of recurrence in meningioma
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Copy-number variations (CNVs) in meningioma have been 

studied for decades: > 50% of meningioma show 22q loss, 

the chromosomal arm that harbors the NF2-gene [2, 7, 10, 

11]. Other frequent CNVs include losses in 1p, 6p/q, 10q, 

14q and 18p/q. Investigations into the temporal order of 

CNVs, identified 1p loss as the first CNV after 22q loss [7, 

8]. Complimenting earlier research on 1p loss as a men-

ingioma risk factor [1, 4, 5], recent studies including all 

CNVs, revealed that 1p loss was an independent risk factor 

when correcting for age, CNS WHO grade, tumor location 

and other CNVs [6, 7]. Therefore concurrent 1p and 22q 

loss is now discussed as a molecular criterion to identify 

cases at higher risk despite benign morphology. However, 

different cut-off levels have been proposed to determine the 

(segmental) loss of 1p as a relevant CNV (e.g., 5 versus 

30%) [2, 7]. Pragmatically, we have previously termed the 

loss of 1p as “complete” when > 95% of the chromosomal 

arm was deleted, while losses between > 5 and 95% were 

classified as “segmental”[3, 7]. The percentages are obtained 

from epigenetic analyses processed by the (expanded) conu-

mee package for R (https:// github. com/ dstic hel/ conum ee/). 

Recurrence risk for complete and segmental losses were 

similar and therefore > 5% loss was identified as predictive 

for recurrence [3]. So far, it is unknown if other cut-offs 

are more suitable and more accurately predict meningioma 

outcome. To this end, we here query data from 2257 menin-

gioma in highest granularity, including three clinical cohorts 

[3, 7] to explore the potential for alternative thresholds.

First, we investigated the extend of chromosome 1 loss 

in 2257 meningioma, spanning different CNS WHO grades 

and epigenetic methylation classes (described below), for 

which data were available in the Heidelberg University 
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Fig. 1  Chromosome 1 losses and gains in 1% bins for 2257 meningi-

oma a. 1p loss distribution over 5% bin intervals b. Epigenetic meth-

ylation class (MC) distribution over the CNV-bin intervals c. Prog-

nostic c-index at different cut-offs in three independent meningioma 

cohorts d. Kaplan–Meier at a 0% or 5% cut-off differentiates low 

and high-risk cases e. Example case indicating that a cut-off below 

6% may lead to false positive loss detection f. CNS WHO grade 1 

cases with concurrent 1p and 22q loss (> 5% loss) have a significant 

reduced recurrence − free probability g 
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Neuropathology database. Here, 1p loss slightly increases 

toward the telomere suggesting that these losses may be 

missed with more centrally located FISH-probes. (Fig. 1b). 

By binning the loss percentage into 5% segments, it is iden-

tified that the majority of cases have either 0% or 96–100% 

loss of chromosome 1p (Fig. 1b). Meningioma consist of 

six epigenetic methylation classes (MCs) [9]. Three classes 

(MC Ben-1/Ben-2/Ben-3) are associated with relatively 

low risk for progression, two classes (MC Int-A/-B) with 

intermediate risk and one class (MC Mal) with high risk 

for progression. To understand the relationship between 1p 

loss and MC, we plotted the MC distribution over the 1p loss 

percentage (Fig. 1c). Here it was observed that 94% of cases 

with 0% loss are of the Ben-1/Ben-2/Ben-3 MCs, suggest-

ing a strong association of minimal chromosomal disruption 

with lower-risk classifications. Conversely, the percentage of 

the MCs associated with higher risk (i.e., MC Int-A, Int-B 

and Mal) gradually increases to 72% of cases with over 95% 

loss of chromosome 1p. These results illustrate the relation 

between methylation-based risk stratification and extent of 

chromosomal 1p loss in meningioma.

To investigate how the cut-off influences outcome dis-

crimination as determined by the so called “c-index”, we 

compared the c-index by splitting cases at different cut-offs 

in three independent meningioma cohorts (Fig. 1d). This 

analysis suggested that lower cut-offs, which consider any 

detectable 1p loss as significant, might be most effective 

in differentiating patient outcomes. To further test this, a 

Kaplan–Meier plot of the discovery cohort was generated 

with a cut-off at 0%. This means that all cases with a loss 

over 0% are considered a loss. Here, a significant differ-

ence was observed with a difference of 11.8 years in median 

recurrence free time (Fig. 1e). Similar differences were 

observed for the retrospective and prospective validation 

cohorts (data not shown). These data suggest that any loss 

over 0%, can be used as a marker for increased risk in menin-

gioma. The biologic reason for this remains to be elucidated, 

however, we hypothesize that even small losses are indica-

tive for chromosomal instability and thus increased growth. 

In clinical practice, the results from a methylation array are 

not assessed using quantitative bioinformatic pipelines, but 

the loss of 1p is determined by visual inspection of the CNV-

plot provided by the online brain tumor classifier or similar 

tools. Therefore, we inspected multiple CNV-plots of cases 

identified with losses between 0 and 15% from the three 

cohorts. This yielded multiple cases where the loss percent-

age was either based on noise or very focal losses almost 

impossible to identify by eye (e.g. Figure 1f). Therefore, 

since losses over 5% were identifiable by eye, we propose 

to determine a clinically relevant loss cut-off for chromo-

some 1p at 5% (i.e., counting cases with a loss percentage 

of 6% or higher). This adjustment affected a small number 

of cases as 1–5% 1p loss was only detected in 44 out of the 

2257 (1.95%) cases included. Additionally, no significant 

difference in the Kaplan–Meier plot was observed for the 

different cut-offs of 0 and 5% (Fig. 1e). To confirm the clini-

cal relevance of the 5% cut-off, we investigated cases in the 

discovery cohort with a histologic CNS WHO grade 1 men-

ingioma. Here we split the cases based on the presence or 

absence of chromosomal 1p and 22q losses as determined by 

the 5% cut-off. This investigation revealed that CNS WHO 

grade 1 meningioma with a concurrent 1p and 22q loss (6% 

or more of the chromosomal arm) have significant higher 

risk for progression compared to cases with no or single 

1p/22q losses (Fig. 1g).

In conclusion, this study identifies that 1p loss of 6% or 

higher, as identified by epigenetic profiling, as an increased 

risk in meningioma is clinically relevant and applicable. 

Although technically all losses over 0% can be used to pre-

dict risk, technical noise of the analysis may result in over-

calling meningioma ‘at risk’. Specific cut-offs for different 

modes of CNVs investigation will have to be established 

separately.
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