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Background

(Or, why meningioma matters?)



Epidemiology

AMost common primary intracranial tumour in adults
A“Benign” => data often not captured

ASpecialist brain tumour registries

ACBTRUS 2020: 40.8% (GBM: 14.2%) (doi: 10.1093/ neuonc /noad149)
A Age-adjusted incidence: 9.73/100,000 (GBM: 3.27/100,000)
A Female > male (13.24 versus 5.79)
A Higher incidence in Black Americans (approx. 1.2x higher incidence)



Meni ngli oma I S not re

1) Recurrence rates

A Grade 1: 18% 5 -year recurrence, increasing to 104 b
26% and 32% at 10 and 15 years

A Grade 2: 29 -52% 5-year recurrence
A Grade 3: 50 -94% recurrence 06

<46 Years

0.84

46-55 Years

Survival

0.4

2) Excess morbidity and mortality in patients

with meningioma
A Grade | meningiomas only ( n=205) "L

0 5 10 15 20 25 30
A At least one long term neurologic symptom in 67% | - e .
A 27% of whom unable to perform normal daily activities |8 2 Univaradie curves for suvivel by age group. Dotted fines

0.24

— >65 Years

; . . . give the age- and sex-specific survival.
A Significantly worse survival in people aged 45 to 65 cf.

controls due to tumour progression and stroke
(van Alkemade H, et al. Neuro Oncol. 2012 May 1;14(5):658 —66.)



AAuckland surgical cohort ( N=493) doi:

10.1016/j.jocn.2020.06.011

A“mi ni mum” incidence: 3.39 per
year
AMnori incidence: 2.74x European

16.00

.
“--
Py
s
ey
.
o

APasifika incidence: 2.03x European

14.00

*
--------

Ly
pr"

12.00
R%2=0.9961

_
o
=)
S

Preidicted volume (cm?)
o]
o
3

ADavis et al. ( N=408) doi: 10.1111/ans.175¢
AYounger, multiple " A
AM&P: 31.41%/year RGR; 2.05cm 3/year
AControl: 14.33%/year RGR; 0.95cm

AOverall difference due to females I
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https://doi.org/10.1016/j.jocn.2020.06.011




TIME In meningioma



What is known of the TIME In
meningioma?

AMeningiomas consistently demonstrate an immune cell
infiltrate

A Domingues PH, et al. Immunophenotypic identification and characterization of tumor cells and
infiltrating cell populations in meningiomas. Am J Pathol. 2012 Nov;181(5):1749 -61.

ALymphocyte infiltrate in meningioma shows evidence of
antigen experience

A Fang L, et al. The immune cell infiltrate populating meningiomas is composed of mature,
antigen -experienced T and B cells. Neuro -oncology. 2013 Nov;15(11):1479  —90.

AThere is evidence of an immunosuppressive immune
microenvironment in higher grade meningioma

A Du Z, et al. Increased expression of the immune modulatory molecule PD -L1 (CD274) in
anaplastic meningioma. Oncotarget . 2015 Mar 10;6(7):4704 -16.
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AAssociation of TAM density with NF2 status

A Domingues PH, et al. Association between Inflammatory Infiltrates and Isolated Monosomy
PLOoSONE. 2013 Oct 1;8(10):e74798.

22/del(22q) in Meningiomas.

ADecreased M1:M2 TAM ratio in CNS WHO grade 2 tumours

A Proctor DT, et al.
2019 Sep 19;1(12)

Tumor -associated macrophage infiltration in meningioma.

Neurooncol Adv.

CD68* cells

A .

100 =

50 =

-5

+ o ¢ .Gradel
-“(_

E

TAM% of total cells

60—

404

20—

M1 : M2

0.6

0.4

0:2™

‘Gr‘adé 18

0.0




Does this matter?
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Als PD-L1 expression prognostic?

ADu Z, etal. (doi: 10.18632/oncotarget.3082)
A n=291
A“ hi g h-I1le®m@ssionin 39.1% G1,
60.5% G2, and 88.9% G3
A Increased expression in grade 2/3
A No prognostic significance  (n=291)

A Karimi et al. ( doi: 10.1038/s41598
A n=93; 74 primary, 19 recurrent
A PD-L1 expression in 43%
A Increased expression in grade 2/3
A PD-L1 positivity correlated with worse RFS

-020 -7051

(p<0.001)

A Auckland, (unpublished)
An=474

Recurrence Free Survival (%)
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PD-L1 Expression (visual scoring)

Strata ¥ PD_L1=Negetive = PD_L1=Positive

p < 0.0001

0 10 20
Time (years)

Number at risk

& PD_L1=Negative - 52 14 2

©

® pp_L1=Positive - 35 1 0
0 10 20

Time (years)

30

A PD-L1 expression in 39% |

A Increased expression in grade 2/3
A No association with RFS

Survival (absence

POL1

o]

PDL1 ~+ Negative =+ Positive

p=6

50 100
Time until recurrence (months)

Number at risk

290
184

182 73 14
116 34 7

n
o{oo
=]

50 100 150
Time until recurrence (months)




ANot just PD -L1, other immune checkpoints also expressed
AProctor et. al. (doi: 10.1080/2162402X.2018.1512943)

An=22
A B7-H3, PD-L2, CTLA-4 most common
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Integrating TIME and
molecular findings In
meningioma



?PIK3CA mutation following
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Adapted from Yuzawa S, Nishihara H,
Tanaka S. Genetic landscape of
meningioma. Brain Tumor Pathol. 2016
Oct 1;33(4):2371 47 (119).
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Potential therapeutic
Implications



Identifier

Title

Status

Intervention

Design (n)

Meningioma

Summary of

published data

NCT02648997

NCTO04728568

NCT03604978

NCT03279692

NCT04659811

NCTO03173950

NCT03016091

NCT03267836

An Open-Label Phase Il Study of
Nivolumab in Adult Participants
With Progessive/
Meningioma

Exploratory Study of PD-1
Neoadjuvant Treatment of
Recurrent Meningioma

Nivolumab and Multi-fraction
Stereotactic Radiosurgery With
or Without Ipilimumab in Treating
Patients With Recurrent Grade II-
Il Meningioma

Phase Il Trial of Pembrolizumab
in Recurrent or Residual High
Grade Meningioma

Stereotactic Radiosurgery and
Immunotherapy (Pembrolizumab)
for the Treatment of Recurrent
Meningioma

Immune Checkpoint Inhibitor
Nivolumab in People With
Recurrent Select Rare CNS
Cancers

A Trial of Pembrolizumab for
Refractory Atypical and
Anaplastic Meningioma

Neoadjuvant Avelumab and
Hypofractionated Proton
Radiation Therapy Followed by
Surgery for Recurrent Radiation-
refractory Meningioma

Recruiting

Recurrent

Recruiting

Recruiting

Active, not recruiting

Recruiting

Recruiting

Unknown

Terminated

Nivolumab # ipilimumab

and external beam
radiation therapy

Pre-operative Sintilimab

Nivolumab and

radiosurgery * ipilimumab

Pembrolizumab

Pembrolizumab and
radiosurgery

Nivolumab

Pembrolizumab

Avelumab and proton
beam radiotherapy

Phase 2, non-

randomizesd, sequential

assignment (n=50)

Single group assignment,

open label (n=15)

Phase 1/2, randomized,

parallel assignment
(n=38)

Phase 2, single group
assignment (n=26)

Phase 2, non-
randomized, parallel
assignment (n=37)

Phase 2, non-
randomized, parallel
assignment (n=180)

Phase 2, single group
assignment. (n=25)

Phase 1, single group
assignment

Progressive/recurrent
grade 1,2 or 3.

Grade | tumors must have
failed radiation therapy.

Recurrent grade 3

Recurrent grade 2 or 3

Residual/recurrent grade
2o0r3

Progressive/recurrent

grade 2 or 3

Recurrent grade 2 or 3

Recurrent grade 2 or 3

Recurrent/progressive
grade 1, 2 or 3.

Did not meet PFS-6
endpoint

Subset showed some
response

None

Improved PFS-6

None

None

Terminated



Mismatch Repair Deficiency in High-
Grade Meningioma: A Rare but
Recurrent Event Associated With
Dramatic Immune Activation and
Clinical Response to PD-1 Blockade
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A843 meningioma
seguenced

A21 (2.5%) had a high TMB

AStained or sequenced
1080 meningiomas

A3/1080 (0.3%) had
detectable activating
mutations in MSH2 or MSHG6

A6/1080 in included SETD?2
or POLE

Dunn IF, et al. Mismatch Repair Deficiency in High-Grade Meningioma: A Rare but Recurrent Event Associated
With Dramatic Immune Activation and Clinical Response to PD-1 Blockade. JCO Precis Oncol. 2018

Dec;(2):17 12.



Conclusion

1.

Meningiomas have a variable immune cell
infiltrate which shows evidence of antigen
experience

Higher grade meningiomas have an
Immunosuppressive Immune microenvironment
with increased rates of PD -L1 expression

Trials of ICI are underway in meningioma

Novel multiomic classifications of meningioma
suggest the existence of an immune  -enriched
group of NF2 -altered meningiomas with a good
pPrognosis






