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Fig. S1. Biopsy Locations.

Biopsies were acquired using the intraoperative navigation system Brainlab Automatic Image
Registration (Brainlab). Preoperative planning of surgeries and labeling of important eloquent
structures was performed in all cases, based on diffusion tensor imaging (DTT) or anatomical
considerations. Intraoperative screen captures of both contrast enhancing center and peripheral
invasion zone were acquired to document accuracy of the biopsy location. Intraoperative 5-ALA
fluorescence was used as an additional stratifier for center-periphery discrimination (5-ALA
fluorescence high for vital, contrast enhancing tumor vs. 5-ALA fluorescence low for infiltration

zone).
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Fig. S2. Bioreactor setup and validation.

(A) Workflow of assembling bioreactor 3D perfusion culture directly after tumor resection. (B)
Left: Representative H&E stained microphotographs of individual tumor samples (center biopsy)
at day 0, and after 7, 14 and 21 days of either perfusion culture or static culture condition (40x
magnification). Right: Analysis of nuclear counts per 10 high power fields in 3 independent
samples in relation to the DO sample in perfused and static samples. (C) Left: Representative
anti-Ki-67 immunohistochemical stained slides comparing static and perfused culture conditions
at day 0, and 14 and days 21 after ex vivo culture. Insert: proliferating tumor cells invading the
bioreactor scaffold after 21 days of ex vivo culture (40x magnification). Right: Relative
quantification of Ki-67" proliferative cells after 14 and 21 days of ex vivo culture in static and
perfused conditions, compared to freshly obtained GBM tissue (D0). (D) Left: Representative
anti-CD11b immunohistochemical stained slides comparing static and perfused culture
conditions at day 0, and 14 and days 21 after ex vivo culture. Insert: myeloid cells invading the
bioreactor collagen scaffold after 21 days of ex vivo culture (40x magnification). Right: Relative
quantification of CD11b" myeloid cells after 14 and 21 days of ex vivo culture in static and
perfused conditions, compared to freshly obtained GBM tissue (D0). Data are obtained from 3
individual explants in each static and perfusion culture, and represented as mean +/- SEM.

Statistics: *p<0.05, **p<0.01, ***p<0.005, student’s t-tests.
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Figure S3: Detailed clustering strategy, cell passports, and FACS-like gating plots of segmented
single cells.

Page 1: Detailed clustering strategy as outlined in Figure 1C.

Page 2-5: After clustering, single cells from the 173 resulting initial clusters were overlaid on the raw
data fluorescent images and on H&E stains of TMAs based on X/Y positions and visually verified
based on marker expression profiles, morphology and localization within the tissue. Similar clusters
were manually merged, resulting in 10 final clusters. Here, representative clusters are shown as green
crosses based on X-Y coordinates of the cells contained in that cluster, overlaid on the montages of
different samples. For each of these clusters, examples of markers important for the cluster
identification (positive and negative) and DRAQS5 nuclear stain are shown.

Page 6: Flow-cytometry-like plots gated on DRAQS5/Hoechst double-positive single cells were
generated from concatenated FCS files of all included cells (CellEngine.com) to confirm the presence
of phenotype defining markers on the cell populations of interest. As an example, CD4 T (CD4",
CD3"), CD8 T (CD3", CD8"), microglia (CD45", TMEM119", CD11b", CD163"), M2-like microglia
(CD45", TMEM119", CD11b", CD163"), M1 macrophages (CD45", CD11b", CD163"), M2
macrophages (CD45", CD11b", CD163"), granulocytes (CD45", CD11b", CD15", SI00A9"), tumor

cells (CD45°, GFAP", CD31°) and vasculature (CD45", CD31", Collagen-IV") are shown.
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Fig. S4: Cell density calculations across center and periphery explants

Page 1: exemplary center explant. Top: H&E overview (left), scatter plot of cells with size
representation (right). Scale bar: 1000 um. Middle: KDE (Kernel Density Estimation) of cells
according to location based on x-y coordinates (left), and in consideration of cell size (right).
Bottom: density distribution histogram and cell number.

Page 2: exemplary periphery explant: Top: H&E overview (left), scatter plot of cells with size
representation (right). Scale bar: 1000 um. Middle: KDE (Kernel Density Estimation) of cells
according to location based on x-y coordinates (left), and in consideration of cell size (right)..
Bw = bandwith, which determines how smooth the KDE becomes. Bottom: density
distribution histogram and cell number.

Page 3: smoothened cell density histograms across center and periphery explants.

PDF=probability density function (y-axis), approximate 2D number density (x-axis).
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Fig. S5. Frequencies of cellular phenotypes (center vs. periphery) in explants.

Proportions of cellular phenotypes per biopsy location in explants: The proportions of annotated
cells per explant are plotted against biopsy location (center vs. periphery). Each dot in the bar
graphs corresponds to one bioreactor sample. N=30 center samples and n=23 periphery samples.

Statistics: Wilcoxon tests.



>77c Age: 73

Gender: m
Subtype: MES
MGMT -

0sS: 500d

H&E

10

Density

o
>
. ®
- —
Y o
O S °
o
Tumor/astrocytes
Vasculature
M1 Macrophages
M2 macrophages
Microglia
M2-like microglia
> Granulocytes
O CD8 T cells
_ g CD4 T cells
Qv S Lymphocytes
O o
[}
| -
Y
>
©
O =
= o .
>
o 2
3
4
5
6
7
Tumor/astrocytes T U

Vasculature

M2 macrophages
M2-like microglia
Microglia

M1 macrophages
CD8T cells

CDAT cells
Lymphocytes
Granulocytes

TC
Heatmap

o = 5 w IS o Y <
log( Global Fold Change: Number of Cells / Mean Cells in Tissue Neighborhoods )
M 1939 02941 2458 003935 | 04822 04496 1339 1782 02513 2331 005485 | 08737 04201 1278
1700 | ozios | 2z | sz | orsos | ozere | vame B
Tumor/astrocytes s 5
oo7s | oosee | osws | sae | oaee | oowee | ar oowarr | oosies | oswe | am | osse | oomsa | zan
+— ooz | oos7or | oass omee | o | 2
Vasculature ‘ N 0.0007624 0 02446 02142 008577 | 0.4926 *
[ ooz | 0 | oasn | ozese ooorass | oee
owiz | o067 | 1413 | ostee oosset | osisn
M2 macrophages
Q nacropnage © o v o [ o [oww (o || 1+ [ soer | e | ot | o | om || 1* @
M2-like microglia 1201 | 13 | 20 | omss | 1707 o 07377 5
. : ooz | ooz | oasos | oarer | oz varte 2 0002276 | 001025 | 1101 | 01205 | ot062 03423 § 001322 | 001081 | 145 | 0675 | 0545 06305 2 a
Microglia k3
: £
B ! 0002869 | 008708 0557 0114 01041 09071 <
= Q CD8 T cells oowrs | ovsme | 172 | ormee | aow | oossr | o7 ) o o | s | ese oies | o || Lo i
P ooss | o | wm | o o101 | o7 £
CD4 T cells oo | omor | vem | omm | 2sr | ovmr | e oosran | oreer | 17ss | oaers | asmse | oosars | ovese X " 5
— B
ooosazn | osses | osin | osser otsar | osom
c Lymphocytes oo | 2m | oo | e | aem | o | oo ooumaz [ ases | aoe | oo | ommo | oxm | owmar || | .
B oozt 1260 | oo | ot | oooores | oz
GJ Granulocytes 0.00207 1089 | od0et | ozt o 01421 003583 1401 ° 02135 ° o152 R 3
™
Percentage 1662 2006 04325 B 2041 2383 L,
1 2 s “ s 3 T ! 2 3 : s ° v ! : : - : ‘ ’
o Rogion Regon

Figure S6 1



Density

Cell

Cell
frequency

TC
overlay

Tumor/astrocytes
Vasculature

M2 macrophages
M2-like microglia
Microglia

M1 macrophages
CD8 T cells

CD4 T cells
Lymphocytes
Granulocytes

TC
Heatmap

L
o
by

St -

5 — - ~ “ o o IS o
n o G
log( Global Fold Change: Number of Cells / Mean Cells in Tissue Neighborhoods )
yte: soiz | omer |z | ooss | owse | 0w | e ||| [ e [ oorew | zow | v | oros | ws | e |[ ] [res [owrie [ ers [ooser [asas | ww | rwo |[]o [ 2w [osmme | sauw [ owm | wseu | ooz | vom
C Vasculature ommo | o | s | ame J o am ocossta | oorrrs | oawe | s | oims | oowes | aoss s [ocomz| o osss | 2se0 | osass | oise | 2ase o s{ooomes | o | owse | sew | omss |oowss | 2ss
M2 oooses | ooseo | ozar | oo o Jome || L, [oom| o | aven | oonm o | o || 1 o o | o | oo o | ower || fo [oome| @ [omw |oom woum | oz
(] M2-like microglia | cowo | oz | 1me | oves | voss | oser | v oo | o | vm | owm | o | omm | oww || [ecomr s | ooore | omre | osme | e || 10 o[ oo | s | veee | oomes | rses | ossr | orees
E Microglia ez | oomer | oxme | o | o ooest || o [ommr | o | ver | o | o v || 17 [owomee | v | om0 | oo | oome poveun | IE ERN ooy ey peyuey gy e o
( ) M1 macrophages oows | ai6s | zae | ors | 1o | oseers | ooseor oows | sim | 1728 | ovor | comss | oss | oams " oo P B oows | ovzes " o[ oose | sos | 1ma | oosus | o | osser | oves
e CD8 T cells oooeaes | oaw | oes | o o o o B o o | o o Tom B o | e | o o omen
I O D4 T cells PR O e s P |
o— Lymph o o o o o | esn
mphocytes . :
o ymphocyts oo | 2 | 125 | owar | 2w | oz | oo oo | oem [omne | o | vee | ovm | owm S A e I I R e I
C [ oorm ves | o | omu | omer | om oo s | o | omss | oz | o o o | o | o PR I Gk I S (O N
m = i 212 | oo | o | am : s oz [ o | e | o | = 05z % 228 17 | oers | e
3 i i e — z 3 O g g 7
T z 3 . 0 g 7 0 T 1 I 7 3 z T T s g 7 Fogin
Fogon fogon Rogon !

Figure S6

] |

H

enrichment score

Tumor/astrocytes
Vasculature

M1 Macrophages
M2 macrophages
Microglia

M2-like microglia
Granulocytes

CD8 T cells

CD4 T cells
Lymphocytes



Age: 58
579¢ aCDA7+NIVO Gongor:
' | i pY. o | Subtype: MES
MGMT -
0S: 505d

H&E

Density

Cell
overlay

Microglia
M2-like microglia
Granulocytes
CD8 T cells

CDA4 T cells

'Tumor/astrocytes
Vasculature

M1 Macrophages
M2 macrophages
Lymphocytes

Cell
frequency

TC
overlay

-

IR

Q_ Tumor/astrocytes
Vasculature
(O M2macrophages
M2-like microglia
Q Microglia
) M1 macrophages
- (O cosTeels
CDAT cells
Q  mphoorees
T Granuiooytes
I I I | | !
B — [ w S o >
log( Global Fold Change: Number of Cells / Mean Cells in Tissue Neighborhoods )
w7 | ozer | zae | oowss | 1a | omis | 0o || 1 [ oz | oewss | zws | orme | vame | otoso | osws 2z | osow | cae | o | o7t | omse | oome 20 | oasui | aoor |ooesni | oaess | oasyr | voar
CI Vasculature oo | ove | o2 | swm | ozeo | oorws | 2 || o [ ooms | ooz | over | ame | sam | o | zew ||| o[ coomr | oom | oomer | 2 | omme | o ocoas | ormes | oms | aces | orew | awoe | o
M2 p over | oz | 1sw | oorss oosor | ozt || | [omar | asow | 1se | omwn | am | oome | e || 0 [ oo | ome | e | o | s | o | osme wn | ome | 1ss | o owmr | omne || 1
GJ M2-like microglia | °®71e | oot | s | oeme |z | ren | odns ozss | osr | 17 | owes | 277 o o5 ° o | oas | ososs [ o 14 o ocaor | osez | 2a1 o o o N §
E Microglia omso | oase | oawrs | oo | oscas om oo | ome | o7 | ouesss | oo et || {2 [owwe | oz | oaom | o | omer wowan || |1 [oorme [ ovse | 0w | o | oosams o || 2 2
. €
' ’ _C M1 ° oo ° 2 ° ° | e | e | rew o 1591 o o | omes | vom o | osms | o o o0 | 1056 oz | oz | owss | ors2 ' E
[l CD8T cells o [ [ o [ o T o[ o [oom [ome [ [ [ e | o [ oo || do [0 [oomm [ om | o [ome | o [om || [0 [owe [om | o 2w [ o | o ||1 £
.U_ CD4T cells oaws | o | 21 | osas | owr | o | aem o | o | oo | o | ves | o | e || ] [0 [ewe o e | o | - L=
— Lymphocytes oot | o | e | eenwr | e | ose | e [ oosers | vers | ososs | van | reer o 1661 e R e ° 3418 * [ ocmar | osus | ame | osese | o | oveee | s . @
C Granulocytes oo e | oves | ose | odw | o [ o ozsu | oaus | oz | oz | owns 1| oeras 22 e el * oo e | oz | oms | ovee | o
Q) Percentage . i e | e o 2ma omn oosess | 3547 oo | a7 | osm | 0w |y 0964 ossss | 1408
T T S T S .
T B T ER R . = s s e 7 T : 3 T s 0 7
fegon Reaion Region Region

Figure S6 3



579 p

H&E

Cell

Cell
frequency

TC
overlay

Tumor/astrocytes -
Vasculature

M2 macrophages -
M2-like microglia -
Microglia

M1 macrophages -
CD8 T cells

CD4 T cells
Lymphocytes
Granulocytes

TC
heatmap

cob

o &
log( Global Fold Change: Number of Cells / Mean Cells in Tissue Neighborhoods )
Tumor/astrocytes w0 | o [ 2 | ower [ oseen [ 05w | s 1o | ozor | 2se | ocessr | osems | osess | ram oo | 035 | 22 | orwe | ossw | oarr | tees o | oaes | aze | oz | osem | omer | s
C  Vasculature ooss | o | o2 | sais | oosers | ooser | s osrz | ooura | osea | asse | ozwr | orme | 2m oooioos | oasst | odsse | s4s7 | oorsts | ooames | sz oo0sost | 002275 | 03205 | 3% | 00sss | 00308 | 289
[ M2 macrophages ooer7 | o | osma | ooses o | oz o7 | ooea | 1ise | oosiee o | oam oor1ss | ooaros | ose | oo0e o | s oooseat | o | vess | oo oo | 03
c M2-like microglia oo | sue | awe | oo | et | oss | oser oorssz a7 | oowss | o | o | omm oon | omme | 2um | oomor | zem | oam | osue oot | 2me | 2mwe | vz | amr | oaw | osw
O & wiogis e | o | o o [ | || 4+ [omr | o [ wvon omn | smr | o || [ Torm o omes T v | 1 Py e e e o
o € M1macrophages "oy | s | rem | owr | oz | o | o || {1 [ oo 1 | omus | o | owomr | o uore | soor | 20 | oosm | oo | ram | asees oowsz | 2o | azm | oams | s | owses | oorse
) Q CD8Tcells oo [0 [ e | oo o [ oan || fo [oosze | o | 1ses | oosers o | owme o | omer | oo | o o | o oo | ozss | zaow | oses | s | o | 2am
o= CD4Tcells
h o o o o |uw | o omr | o o o o | s o o |omm | o o o
m Lymphocytes
c oonaras o | o | 0w | oms | orve cowos | asn | 2m ooz | ose | o | oser oo | 1es | e | oovms | ver | oreer | tere oosnl 225 | o | o | oz | oces
— p oo ot o015 o7 | oo | oo | ooen | ossos
) T s [ oo | e | a0 | o oo v | 0 [ own | o o || | [cwm | s | eve [ome | o | wmm | o
156 wn | 2 | e ™ a2 | oserr v | ves | o | e 1603 o | e | s | 20
v B 3 0 s g 7 I z 3 0 s 0 7 3 T z s D s O 7
Rogion Pogon z U e © 7 Ragon

Figure S6

Tumor/astrocytes
Vasculature

M1 Macrophages
M2 macrophages
Microglia

M2-like microglia
Granulocytes
CD8 T cells

CDA4 T cells
Lymphocytes

enrichment score



H&E

Density

Cell Cell
frequency

TC

Tumor/astrocytes
Vasculature

M2 macrophages
M2-like microglia
Microglia

M1 macrophages
D8 T cells

DT cells
Lymphocytes
Granulocytes

TC
Heatmap

o I % o = =
Tog( Composition: Number of Cells / Total cells in Neighborhood )
Tumor/astrocytes | = | o | v [ own [owws | o [ v |[Je e | ons | cwn [ omme | o | o | o 2ot | v | eree | v | ozmes | omer | e || I o [ o | 2z | ovms | o | oz |t
= o) P R e ORI M s Ml ey ey ey e e ey e ey e e vy prers e, e | B e e e e R B
O s [ |+ o o e [ e e e e e N wory e ey Py ey ey ey LR e o
TR s s s e R | S E R R RN R I R 0 | R —
E Microglia e | 0 Jeen | 0 | o wwsr || {e [ oo | oows | e | acosem | v o 02 | omae | 1ss0 | oot | ooman | sz | ose || fe v | o o [ ome [ommn p—
M1 macrophages | “** wn | o | o | o |own || {0 [owms | 20m | aws | omn | own | o | oo oo o | oms | o | oww | o || {r o o T o T o o Tomm
O - okt T e T T T || b e T T T Tom o ]| o [ P e B = —
f O 04T cells m | o | | 0 | o | o o [oom [Tonee | omor | owsns o | o v | o RN . P . P I R R
.’ L o401 o 313 ) o o 3466 2 o113 | 2795 2027 | o131 | omes | oster | osez 03005 | 4127 1294 | ones | osess | o2 | o724 3 0178 Ton ossss | osors o e
c omms | o | am | 0 | o | o | 2w || da [omm oo | o | o | owsr | onm oo oo | om | o | owe | ome || {s e o o | o | o | o
w g 003349 01108 | 002576 | 005153 | 2934 A 205 336 | o700 | 1384 0555 R il a8 + 003546 osn | o227 | oioos a0
Regen ogen Fogien e

Figure S6

Enrichment score

Age: 39
Gender:m
Subtype: CL
MGMT +
0S: 651

Tumor/astrocytes
Vasculature

M1 Macrophages
M2 macrophages
Microglia

M2-like microglia
Granulocytes
CD8T cells

CDA4 T cells
Lymphocytes



580p aCD47+Nivo

H&E

Density

Cell
overlay

Tumor/astrocytes
Vasculature

M1 Macrophages
M2 macrophages
Microglia

M2-like microglia
Granulocytes
CD8 T cells

CD4 T cells
Lymphocytes

Cell
frequency

TC
Overlay

Tumor/astrocytes
Vasculature

M2 macrophages
M2-like microglia
Microglia

M1 macrophages
CD8 T cells

D4 T cells
Lymphocytes
Granulocytes

TC
Heatmap

IS o IS [N [ = B
log( Composition: Number of Cells / Total cells in Neighborhood )
) Tumor/astrocytes | zrs [ ocerm | 281 [ ooeso | oass | o | 1 i 100 | oomse | 2w | ooswes | owes | o | vew - 197 | ors | zeor | omwra | omre | osses | rem i 272 [ommss | 2051 | oz | 0wt | oz | e X
C  Vasculature ooams | o | arm | em | o | oo | e e e I I RN I A | G ) R I [ R oomoes | o | ose | s | oo | oves | et

GJ M2 macrophages | oowsee | oarass | oases | oorma o [ oz || ], oovest | o | osom | ooser o | ome A oo [ o | osmz | oones owoan | oz || |, owr [ o |ome | o o | own o
M2-like microglia | swne | v | o | ows | o | oun | o o [ avis [ vs [ omte | v | osm | oz omomz | ssw | an | oz | s | owes | oz arme | am | v | o | osm | e | o 5
E Microglia oseone | oomsa | 12se | ooonr | osese oume ooonors | ooosss | 1302 | ooese | azer oz oooeees | oosura | e | oorass | ovsee o || e otz | oaarss | 1ior | ooess | areee P é
@) _C Mimacrophages [oom | e | o [ [oaw o | oum ooeo | sor | e [oom | 0 [ oo [omw 11" [oomes | s | ssr | oonr | o | om | oowr e | o | wom | o | o | owem | vew 5
= "G oerens s | owm | v | m | w0 | 0 | owe || {0 T T (e e [ o o | [ 2 | 0 | o Tl £
e—  D4Tcells o | HEEEEE omae | o [em [ o Tom [om | o |f] P P P B . oo | o | o | o v | omr || 2

C Granulogytes o | o | e | o | o [ ovmm | oo e [om e | o [0 | o = |l [ [ e ey [y g o | v [ o | o o | o || ]

GJ Percentage 31 1o 209 | 0w | o 13 20 o | s * 1500 oaost | oseor | ostss ‘

Figure S6 6



581c Age: 59

Gender: m

» ... Subtype: CL
aCD47+Nivo yiemr +

i . 4 05:>700

&E

H

Density

Cell
overlay

Tumor/astrocytes
Vasculature

M1 Macrophages
M2 macrophages
Microglia

M2-like microglia
Granulocytes
CD8 T cells

CD4 T cells
Lymphocytes

Cell
frequency

TC
overlay

Tumor/astrocytes
O Vasculature I
(O M2 macrophages \m, 11 6
M2-like microglia [ 1 w HE Il |
Q E Microglia [l | [ | | 7
et M1 macrophages ‘ ‘ ‘ ‘l” | ‘ -
— (¢o] CD8 T cells
Q  coaTcels I Il
T Umehoores \ (11wl |1
Granulocytes [T 11
\ ‘ ‘ ‘ ‘ ‘ ‘
5 = ~ Y = - >
log( Global Fold Change: Number of Cells / Mean Cells in Tissue Neighborhoods )
o=  Tumor/astrocytes | 22¢ |oows | 1sw | osis | oxes 1209 " [em Joumn | 2 [ o | oo [ ovm | 1 [ e Joomer [ aws [oosses [Cos [ oams [ e o | 2o [ocomnzs | 230 | oavia | oorzs | ooame | 1see s
C  vasculature owa | o | um | 2 | o oz || || [ oo | orom | o | aws | asen | o | wmm || T oo | o | rew | zsw | own | oot | som s [omm | oowr | v | aoe | owoe | ooseor | 2o || |
m M2 macrophages .97 ° 0858 | o7z oae2 ) 008389 | 001956 | 04971 1384 008437 | 05865 ‘ 003784 o b o o 04 N 02807 o 1188 1665 2611 o 1266 . o
E M2-like microglia | o | o | e | o | o s || || [Coswe [omo | vmw [oow | v | oo | om0 |[ |7 [0 | o | o [ o | o || [owe [ e o | 50 | ome | ven | o S
(@) Microglia e | o o o os || || [Towm | o | sz | oo | oo o || 17 [ooer | o |ose | o | owr oo || T [owme | o0 | owrer | omen | oceior o || [ é’
= C Mimacrophages | owns wow | 0 | o won || ' [Tomer | s | owwr | omos | osen | osss | omee ||| [ oo oo | omoos | o o | oz || | [ omwe oooe | oo |owm | o |ome || ] &
Q  cpsTcells : : ) -5
‘T DaTeels NN | o | o [ow | o [ [ o Jem || [0 [ o [ [ [om | o | = ||| [om | @ [owm [ = [ | = [ ||{" &
C Lymphooytes o | o | o | o | owen o || 17 [Tom | e | o | v | 2w | o | oo || [ [wwm | o | oo | wwm | o | o | vom || | [omn | o | om | wm | on | o | em
) Granulocytes ooesrz | zsss | os | o | ew oz || 17 [Tooses e | owar | ones | o | ozs || 17 [ oo e | o o o | omon || |. [ osem e | o o o | e
Percentage oo Joms [ o | we gl = oonzc2 B oo ooen | own | ows | e | oo e | oo | o B
g ' : S, 0 7 T z EECN O 7 T z DR 0 7

Figure S6 7



. o= e 3 Age: 71
Z Control aCD47 Nivo aCDA7+NIVO  gorder m

' ~ Subtype: CL
MGMT -

: 0S: 227d

583c

H&E

) 1000 uni 1000
000 b1 =looun, L000.ydR: s

Density

.-
ol 7
. 3
= . y BEP S
[} 5 Lty
o Sy Xg e
.
@ . Tumor/astrocytes
» oo Vasculature

M1 Macrophages
M2 macrophages
Microglia

M2-like microglia
Granulocytes
CD8 T cells

CDA4 T cells
Lymphocytes

Cell
frequency

TC
overlay

TC
Heatmap

.| - | s -
Tumor/astrocytes- .
Vasculature - 5
M2 macrophages -
M2-like microglia - .
Microglia L . 6
M1 macrophages -
cosTeells .
CDaTeells : 7
Lymphocytes | (|
Granulocytes A

! ! ! ! ! !
(=] — N w e wn f=2)
log( Global Fold Change: Number of Cells / Mean Cells in Tissue Neighborhoods )
TUMOr/astrocytes [ e | ower | 2w | owe | omme | oo | v |[ 4o [ 2on | o | sme | o | wmw | omos | v v o [ oo oo o | owme | o |[], [ 27 | o | oo [owss | ome [ o oo |[]'
"E Vasculature veewes | v | e | s | o | ovm | o || b [owoon| o [ ooue | s | o | o | e ||| [omo | oomeas | arme | esw | oms | o | e orzss | o | oo | om [0 | 0 | e ||’
M2 mac o | oam | ore oar | o || 10 [ oo | 0 | vme | o o | o |, [om | 0 | worr | o o | omms || o | oo [oos [ v [ s oo | o || 1"
a" M2-like microglia |ooozzes 1486 | oorssz | omon | oossse | orest | oomor 1198 o s | oss | o oooros | ass | 12s | ooesss | rosa | cosess | oirse , | oossor 1228 | ooeres | 0 o e - g
E Microglia ooorres | oowss | tiot | oosier | oz ozmss [ 1 | oomes | o 810 o | owss o o | ooess [ oomses | r2er [ ocese | o120 o2s4r o | orss | oses | vies | ooson | oosse o260 g
(@] c M1 macrophages | owms | sies | 2 | orme | o | oame | owme || |' | owe | e [ sme [ vm | oo | oomer | vose o s | o o o o osowr | 37 | eam [ o o o Jowe || E
= "G osrels e e T o || fe [omem | o [ e [ ome | e | o [ o || do [ oo | omom | v | oww o [ o E
- — CD4 T cells o o 2707 o s o o o ° o o o o oonsa [ o osest o o oasat 1 | oossss | ovass | oaer | otz o 03164 . 2
— Lymphocytes oonin | 206 | 1sz | osess o o 2800 . o s | e o 2m | osme | o ? | oomor | sow | 2zie | ozess o o oss9 2 1| oomsr | oseos | oses | o7 02054 | osan N 5
T Grnogytes  |omm vwr | oom | o | wnm | || | [0 | < D s ooy oy ey ey e | K S T 15 | o | omar | o | wawr || ]
o R ) = = o ) o £ s R R e e

Figure S6 | 8



583p

H&E

Density

Cell
overlay

Cell
frequency

TC
overlay

Tumor/astrocytes
Vasculature

M2 macrophages
M2-like microglia
Microglia

M1 macrophages
CD8 T cells

CD4T cells
Lymphocytes
Granulocytes

TC
Heatmap

R

< = o o IS o
log( Global Fold Change: Number of Cells / Mean Cells in Tissue Neighborhoods )
M 2160 | oowss | 213 | osest | owse | oser | 1se
Tumor/astrocytes 1656 | ooz | 274 | o1ss | oazrs | oseso | 158 1755 | 01004 | 2806 | ooeser | 02606 | 05209 | 145
o+ Vasculature oooaro | oowies | oszr | assa | omer | orewr | zsi ooviess | oomme | 12 | 2me | oaove | oossr | 260 0004568 | 0008160 | 01426 | 3509 | 00563 | 002195 | 3254
[ M2 macrophages 000707 | o ossot | o2 o o284 . o005 | 0 o422 | oo72s3 o o108 o020 | 0 02764 | 008248 003235 | 0255
(] M2-like microglia o e | oo | ozee | o | oo oovzeon | avis | vz | ooumse | a2 | osera | oones o069 | 2317 | 18 | odor | e | 1o | oewnd
E Microglia oomss | 0 178 | ooses | oseas o137 5 oovss3s | o oei7s | ooezs | oowzss o071 0.02805 ° 1266 | oomnn | o4z 04799
O c M1 macrophages o | saz | e | oosor | 1see | osors | ozams oootse 1o | ooses | o | omess | oroos oot | 147 | wa o | e | s | o
o
|_ O CD8 T cells o o | oo | o o o ooosezs | o0zao7 | ozsse | t1es o218 | oos0s
e cells N N B B B B ) N o o o o B ooz | teon | 2ser | o 225 | osis | o
= Lymphocytes o | |aom awe | o | o |ome o | ome | vw | | o | o | ome oo | asst | oow | oz | o | oowr | 1
c Granulocytes
) Y o oz | oz | o o | oases || 1¢ aonears oo | o | osm | o | ower aose oess7 | ozme | o | oomes | oasmr
8 1187 oser | ot B o owrs | oo 107 | 1o o1
b z 3 s s e 7 T B B " B n - T 2 3 D g o 7
Region Region Region

e S6

1
«Q

c

=

Tumor/astrocytes
Vasculature

M1 Macrophages
M2 macrophages
Microglia

M2-like microglia
Granulocytes
CD8 T cells

CDA T cells
Lymphocytes

enrichment score



Age: 69
587c Gender: f

/0 Subtype: MES
- MGMT -
0S: 470d

H&E

Density

Cell
overlay

Tumor/astrocytes
Vasculature

M1 Macrophages
M2 macrophages
Microglia

M2-like microglia
Granulocytes
CD8 T cells

CD4 T cells
Lymphocytes

Cell
frequency

254

s ENALIEEA T
AR
e

TC

Tumor/astrocytes
Vasculature

i

[¢0] M2 macrophages | II L
E M2-like microglia T o |
(@) Microglia UL LN
et M1 macrophages (11 1N |
I © OB Tcells | |
O CD4T cells ‘ Il
Lymphocytes (1 J
T Granulocytes | I
. I I I I . . . .
B = - —~ ™ ~ w w IS S P
b o b & o
log( Global Fold Change: Number of Cells / Mean Cells in Tissue Neighborhoods )
Tumor v Jomra | s | omm | o | omer | v |[ s me | orm | erw | oows | o | s | vm |[Je [ o | o | o | oumes | oses | wma | v || fe [ 177 [ oo [ zme [oomo [0 [ome [ v |[]e
o+ Vasculature omr | o | wowm | st |owomt | 0w | ame || |s oomos | over | o | ame | oswe | omor | zem || {5 o[ owers | v | osme | sow | omer | omy | ses || {5 | oo [ooo | s | e [avsers [onuan [ wse || 1
C M2 macrophages | corn | omsee | os | oo ooz | owrmz || {o ooome | oosees | ov | oceser s | owrs || {o +[ ooz | vorss | osers | onom o [ o || fe [omos| o |oae | o e | K
(] M2-like microglia | ower v | o | owm | own | oz || {5 ower 100 | aowz | v | owem | o || fs [omome | sem | zas | oo | o | oree | wwrs || Jo [0 | 5w | 2w | aves | v | owm |own || fs 5
S
E Microglia o | cmn | v | o | owe | sem | o || Js owes | o | vow | on | ommo | som | ome ||+ [owsrr | o | v | coven | omne v || [0 | o | oo [omon [ owm | om0 [owa ||| 8
M1 macrophages | ous | sz | 2o | osn | ooess | osss | 1z || {1 oo oz | ocore | e | ooms | oosea || :[ o | sme | sow | o o o o o [Lowsze [ ser [ eo0 | owssso [oomes [amnr | omes || 1 G
O < CD8 T cells o [ | | o e | o Jome || 0 | o |ewe | o o Low [[{o [0 | o | ows | ome o Jomer [[{o | o | » o | es [ome | o . E
- S
@] CD4T cels o [ [ [ [ [ || o o T o [ || b [T o [ - o | o || 4 [ e o | S|} E
.’ Lymphocytes owsu | 130 | omme | rsss | ozes | owser | 2enz 2 oot orass | orees | osese | oosos | ozose 2 o aost | o7ese | o7ase o | oowsr | 1sms 2 [oomsew | 420 | osers ° ° 0408 | 1408 . @
c Granulocytes oo | 2o | 2 | o | oo | osss | vom || {5 oomms asoz | 0 | owm | owes | ovme || {a o[ ooosens oseer | oon | oo | oo | om || fo |cosse | 2sw | oms | omer | o | ones | 29w || s
) Percentage osn osee | 2 . asess oauae . 12 osrar . 2me 340 ‘
e e R E e e E L S D
egin Rogin Region Rogien

Figure S6 10



'aCD47+Nivo Aee: 78
Gender: f

Subtype: MES
MGMT +
0S: 204d

et

Density

o
[ . © .
o ¢ SRR 2 0%
Ae o PAEEHERLT®
E > GV B F ° .
*»
~ . ‘o‘ .. . [
e ' >
> At |
© & CX N : Tumor/astrocytes
— @ d Ve, T4 | k] ¢ B
T = B o w® C Vasculature
L] R
(] ; .
O 3 o ¢4 ‘_,o(-kg . o M1 Macrophages
E % /,
o S 5 & oL . M2 macrophages
. Ve . .
& v, s Microglia
M2-like microglia
Granulocytes
CD8 T cells
> CDA4 T cells
O
C Lymphocytes
v >
o
Y
.
W 8
:
T 1
O T
> 2
3
4
5
— e O — .
Tumorfastrocytes 6
o Vasculature 1] ]
© 2 macrophages 0
M2-like microglia | 7
Microglia LT F
QO M1 macrophages ‘ I, 1 LJ
CD8 T cells
& e AL
Lymphocytes ‘ ‘H I
(D] Granulocytes
a2 P s s * P
log( Global Fold Change: Number of Cells / Mean Cells in Tissue Neighborhoods )
4= Tumor/ y T T Tom o Tom T 10 v [ o [ eso oo | o [woms [ |[17 [T [ omom | oo | wvn | orer | ormmr | 1o | [ Jooene [ em oo [omm [omn | o *
[ [ [0 o [ oo [om oo [ o || 1 [omar | 0 | ome | e [ owme | ot | on o oo | o v [ oo | o || T
Q W T e B i [ [l e [ [ R N | = I B vioe | osow I I |
E M2-like microglia A ootiss o | o |owms | o ° ooes | s | orse | omar | vz | oz | oswr || 17 [ oome | aen | rses [orws [ vow | owe | ome || 10 G
Microglia PPN v R B R B , ::i "]: ::] : :: ::.Z :: ‘ ocasez | oci0s | 14sa | o1rie | osess o607 2 ooes | oomss | 1103 | oorase | oaoee osse7 d §
(@) £ Mlmacrophages | P e it et s oo | a1 | oaw | osan | oo | owse | 2z || s . XN I N I | R -
|— 2 CDSTce::s T T T T T T i) MCEN I N [ N o [ozm | o | ver | o | eve | owe | we ||l [omss | o | vem | o | v | awe | osen || Jo §
= fD4Tces T e TS R e R e i AR R v e [0 [ew | o | e | om | o oo | 0 | e | o | v |oem | 2 |||, S
c S Y I BN Y I NN S = s s e e e = W ey e e e e e e N B e e e

Figure S6 11



588p
Control

H&E

1000 um

Density

Cell
overlay

Cell
frequency

TC

Tumor/astrocytes
Vasculature

M2 macrophages
M2-like microglia
Microglia

M1 macrophages
D8 T cells

D4 T cells
Lymphocytes
Granulocytes

TC
Heatmap

|

1000 um

acb47

Nivo

™

I
e
o

St

aCDA47+Nivo

1000 um

B - ~ - © w w IS o
o s &
log( Global Fold Change: Number of Cells / Mean Cells in Tissue Neighborhoods )
awe | one | cess | ouseer | osso | ossie | o 2 | oo | eme | oo | osar | s | s 2o | oo | 2sm | oomer | oo | oz | s 1| oo | oswra | osws | orer | s | 1 | v
4 Vasculature o | som | o | ame | osen | somn | 2er v | o o | v [ oam o | om o | o | s | am | o | o | 2t vors | oo | oaoe | osea | ures | vamw | e
C M2 macrophages | © | o | omon | oo o | omen oms | o | o | o o | oz womer | 0| ores | oouear oo | oo :
()] -like microglia | 0w | 2 | omse | oz | s | o | o omons | ssn | osses | o | 2o | aomr | oren sonss | 4w | vion | oomon | oo | oews | o
M2-like mlﬁl’ogl\a 002085 | 01875 005368 | 006799 | 03571 20m
icrogli PSS B I [P - e omrs | owar | 1o | oowe | o = oo | o | vz | sovs | v cares
£ o e s By e Co
soren | owe | o | o | o smoe | o | v | oo | owm | ores | o : s | owr | o | ommw | ovew
M1 macrophages o oo | s | ime [Towem | 2wz | oo | awn | vwer | e | oo
|J < D8 T cells EEERE " Toame oo | o | o | omme v | o o [ o T :
O CDAT cells ° o fomse | o o | oo il I B i oo | e ooueane | ot | oz | oous: oos | o [ oete | oz | oress | ossss ossse | oress,
s Lymphocytes oonss | oawe | o0 | o oovss | ot ° o fems o] o o | e ooes | e | sse | oww | o o | e oersr | ves | oses | omee | vem | veer | osro
C Granulocytes. ooosezs ores | oomes | o o | oo oo otos | pome | o2 | o | ewE 002559 oart | ooisse | o o | o2 oomee | 153 | oo | ooess oes7e | o7sa
Q Percentage s ssor | ors | 2n o | o | e o owsr | sow 205
T 2 3 r 5 o 7 N : N “ " N ¢ v 1 2 3 4 5 o 7 1 2 3 o s ) 7
Region Fes Region Region

Figure S6

enrichment score

Tumor/astrocytes
Vasculature

M1 Macrophages
M2 macrophages
Microglia

M2-like microglia
Granulocytes
CD8 T cells

CDA4T cells
Lymphocytes

12



Fig. S6. Individualized treatment outcomes per patient and per region.

For each patient (center and periphery), a set of personalized calculations were generated. /st
row: H&E (stitched together after CODEX run) stains of explants control (GBM) and treatment
conditions, scale bar: 1000um. 2nd row: point density plot (x-y plot is divided into a 100x100
grid, in which every rectangle is colored corresponding to the number of elements within this
square). 3rd row: Cell overlay, each dot represents an individual, annotated cell type according
to the final cell type annotation. Color code of cell types displayed on the right; 4th row: pie
chart of cell type proportions within each individual explant. 5¢4 row: tissue compartment (TC)
overlay, according to 7 TCs outlined in Figure 3 (cf. Figure 3 and text for TC naming and
numbering). 6¢h row: TC region heatmap depicting the TC frequency (top bar, similar color
code as in TC overlay), and the global fold change (number of cells per mean cells in TC) of
specific cell types per TC. 7th row: region enrichment heatmaps depicting the fold change
enrichment of cell type composition per TC, and the overall percentage of the TC within an

individual sample.
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Fig. S7. TC enrichment scores per therapeutic condition and location; TC prevalence
changes in respondig vs. non responding explants.

Individual enrichment scores of cell types in respective TCs stratified per treatment and biopsy
locations in pooled explants- (A) center explants: n=6 for control, n=7 for anti-CD47, n=7 for
Nivolumab and n=7 for anti-CD47+Nivolumab; (B) periphery explants: n=5 for control, n=5 for
anti-CD47, n=4 for Nivolumab and n=5 for anti-CD47+Nivolumab. (C) TC prevalence changes
in non-responding vs. responding center explants, cf. Fig. 6A, lower panels. Statistics: *p<0.05,

**p<0.01, Welch’s t-test,



NPX

ADA ADGRG1 ANGPT1 ANGPT2

81 p.=0.092 : 751 Pf 011 _
.| E2 2- soy (o] o
1 251 g e=temm
21 ' 0- 0.0+ -
CASP-8
8 - 12
7 p|—973e_05/ | _
61 \ ;P 8
51 . d — 4 - @
4 R
31 01
CCL4 CD28
BT =026 ° p =.0.00059
’:? . a & i _Q .
104 28 $ 5 0.5 .
51 . 0.01 S
'™ (6} 1A @l e ®© ()
0 -0.5 1
CD40-L CD5 CD70 CD8A
101 p=029 21 p=56e-05 .| p=0038 3- *T p=0.00031 .
S 24 14 29 1-
0.0 $ ﬁ i — ¢ 2- ) 11 X ==
. T, L T _ = i . 0 S e |
~0.5 - 0 0
CSF-1 CX3CL1 CXCL1 CXCL10 CXCL11 CXCL12
ol p=0.097 Jsl p=0029 7 1 p=02 . sl pF053 osl  P=0078
| . 104 = T 104 = o 50 o ﬁ'
8 i ¥4 — g _o 0 U :“ 00' Sl
64  Te 57 | . °1 ok ar 251 ~7 ~0.4- | :
0.0 A1
0
CXCL13 CXCL9 DCN
p =.1.9e-05 754 p=0.012, 64 p=.0.0037 12.61
101 e 1 12.41
B N 221
= 21 % 12.0-
01 0 11.8
FGF2 Gal-9 GZMA
- _ i B 34
61 p=013 8- 1004 PpF.0.0086 61 p=0.001 104 .
54 e : 7 - 44 G® ®
4 AR R == =R N
34 - “['! 5 o ' | * 0 0
0+ -1
HGF HO-1 ICOSLG IFN-gamma IL-1 alpha
15 4 6
L] R=02 0o _P.F4.3e-05 ®1  p.=9.4e-05 44 p=0.00066 .l p=036 4l
1 Y ™ o ™ 54 = > ® Gl e
757 [l ala 4- - 27 $ 5 = '_QJ;‘”" ?
5.0_ qI % 3_ 2 ® 0' //(\ ® _2_ ¢ 0'
-2
IL12RB1 IL13 IL15 IL18 IL2
04l P=0049
0.0 .
-0.44 A
-0.8
1L4
l -
O-
_1 -
LAG3 LAP TGF-beta—1 MCP-1
L0 5 = 0.0016 T p=57e-06 Ty = 646
05- p=0. AR | g p=>5.7e 14 - = 6. e_%._
24 0ol =% : 2 12-
14 -0.5- of 14 101 f 7
-1.0- . 81 P
MCP-3 MCP-4 MMP7
BT =013 1247 5 =0.0086 6- T 0= 0.014
104 |_g.1.L| ¢ g | ‘O " 12.51 )| .
\_'r_/ T o= 10.0- 8
54 4 A &< - 4
— 2 7.5 o %
0- 0- 0 5.0
NOS3
0504 »4 p=0.0018 i:
0.25 A 1 2
0.00 A 04 24
~0.25 -1+ 14
PDGF subunit B PTN TIE2 TNF TNFRSF12A
6 = ] 10.04 T 61 = 7.5 - 8 —
p =0.34 125 p=2.6e-06 p =.0.049 p=0.96 p,=0.21
(¢ o _ 6 - ‘1
51 —k 10.01 7.5 51 B 50 L -
41 d ‘ 7.54 5.0 4- : = 2.5
34 |" 5.0+ 95 ‘ 3 @ . ® 0.0
2 - 2.5- ' 2.5+
TNFRSF21 TNFRSF4 TNFRSF9 TNFSF14
7 - 25
;] p=036 504 _p=0.0034 .| pz033 44 p=6.4e-05 .
5 1.54 £N « o o 31 4 4-
1.0+ 41 2% ; 21 o
41 ' 0.5 , o1 e N 11 : % 34
34 ‘ 0-
0.0+ 2 4
VEGFA VEGFR-2
15
p.=.0.00048, 51 p=0.013
109 = 44 ==
54 9 34 Figure S8
2 -




Fig. S8. Differential expression of cytokines in treated center and periphery explants.
Results from multiplexed bead based proximity extension assay of 92 analytes in the bioreactor
culture supernatant. Comparison of pooled treated (all conditions) center (n=21) and periphery
(n=21) explants independent of response. Only significant results are displayed. Values are
displayed as mean +/- SEM. NPX: Log2 scaled normalized protein expression. Statistics:

ANOVA with multiple comparison adjustments. Welch’s t-test between the groups.
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Fig. S9. PCA Loadings of unbiased cytokine analysis in center and periphery.

PCA loadings of the principal component analysis in Figure 5D.
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Fig. S10. AUC-ROC analysis of cytokines associated with IFNy, heatmap clustering of
cytokines stratified per IFNy status and location.

(A) Based on the IFNy stratification criterion, we performed an AUC-ROC analysis of other
associated cytokines in center explants. Cytokines with a AUC > (.78 were determined to have a
high association with IFNy and are listed. (B) Normalized heatmap depicting the overall explant
cytokine response per treatment in IFNy"e" and IFNy'*™ center explants, and periphery explants.

Samples were normalized to internal control condition.
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Fig. S11. KYN modulation in individual patient explants after immunotherapy, and based
on IFNy status.

Assessment of KYN concentrations (nM) in explant culture supernatant by LC-MS in control
and immunotherapy treated center and periphery explants. Each dot represents an individual LC-
MS measurement. The coloured connecting lines are pairs of individual patients. Statistics:

*p<0.05, **p<0.01, ***p<0.005, Wilcoxon test.

12



Center, CD4 T-cells

normalized MFI

normalized MFI

1013

PD-1

p-value <1010

¢

1011_
109_
107_
105_
103_

101_

|
responders

CD45RA

|
non-responders

p-value <10-°

—

responders

non-responders

LAG3

101 -

100 4

p-value <1010

¢

CD45RO |,

1023

|
responders

non-responders

.S

[
¢

> o o o

responders

non-responders

101;

10_13

Tim-3

p-value <1071

¢

i

1DO-1

p-value <1071

100+

10_1;

|
responders

non-responders

¢

-_—

¢

responders

non-responders

101?

VISTA,

-value <1019

¢

101?

responders non-responders
KI-67 s

| |
¢
o
¢
¢

$

I
responders

non-responders



Periphery, CD4 T-cells

normalized MFI

normalized MFI

PD-1

N.S

10* -
=
- responders non- responders

1011_CD45RA

109_

107_

105 4

103 -

responders

non- responders

101 -

100 4

LAG3

N.S

|
responders

CD45RQ

p-value <1072

1023

non-responders

[
¢

> o o o

responders

non-responders

Tim-3

N.S

|
responders

1DO-1

100+

10_1;

non-responders

N.S

¢

-_—

¢

responders

non-responders

VISTA

N.S

101?

responders non-responders
KI-67 s

| |
¢
o
¢
¢

$

I
responders

non-responders



Center, CD8 T-cells 3
PD-1 LAG3 Tim-3 VISTA

p-value <10710 p-value <10710 p-value <1078 p-value <1078

| | 1 I I I |
$ ¢ 101 - 4
] ¢

101; 101?

i
0
$
0
¢

normalized MFI
R 2

respolnders non-reslponders respolnders non-responders responders non-responders responders non-responders
CD45RA CD45RQO S IDO-1 1o Ki-67
11 _D-value <1078 p-value <10 5 'p-value <10 | : N.S

10+ + 102? ; ' ] . . | :

10° - i ' 0- T | s
_ ] ¢ 107 5 ]
o 107 - . 10% - :
N 101-: | $
S 10°- : 107" 5 :
: : s z -

10%1 I : |

10*- 10°- 107 107 S

: ; ‘ :

responders non-responders responders non-responders responders non-responders responders non-responders



Periphery, CD8 T-cells
PD-1

N.S

101;

normalized MFI
R 2

| |
responders non-responders

CD45RA

Lol p-value <10-2
109_
=
- 107_
(]
N
g 10°-
3
103_
101 _

responders non-responders

LAG3 <

102 5

101_

100 -

il

|
responders non-responders

CD45RO |,

¢
¢

responders non-responders

Tim-3

N.S

109 4
10_13

10_23

1DO-1

|
responders non-responders

p-value <1072

—=

¢

responders non-responders

VISTA

101;

N.S

i
0
$
0
¢

_Ki-67

1013

10° -

|
responders non-responders

N.S

<

°% W > o o

$

responders non-responders



Center, Lymphocytes 5

PD_l p -value <1O‘7 LAG3 p-value <1078 _Tlm_3 N.S 102 _VISTA N.S
. I l | ] . I !
. ¢ ] ¢
101; ’ ¢
: 101-: 101': | ‘ ¢
= I ] : 101 -
- - - i ]
s 10 1004 -
i § 100-: -
responders non- responders responders non- responders responders non- responders respolnders non-resioonders
CD45RA CD45RO IDO-1 . Ki-67 .
: N.S : ] _p- -value <10~
I / i '
10 102 101‘: ¢ ¢ 5 \
10+" + ] 107 5 i
TH 10! ] 8 E
> 107- - ' - i
o 0 4 =
= 10 - :
£ ]
s 10%- -
= 10~1 - |
101 102 Z :

responders non-responders responders non- responders responders non-responders responders non-responders



Periphery, Lymphocytes

normalized MFI

normalized MFI

PD-1

101_

10° -

p-value <104

.

1010_

107_

104_

101_

responders non- responders

CD45RA

s

responders non-responders

LAG3

10! 4

10° -

N.S

iyl

102
101!

109

responders

CD45RO

non- responders

-

responders

non- responders

10 4

10° -

Tim-3

p-value <1073

I
¢

m=

10! 4

100_

responders

IDO-1

non- responders

p-value <1073

l
¢

-

|
¢

responders

non-responders

102§

101§

VISTA

N.S

* o> & -

102§

Ki-67

|
responders

|
non-responders

N.S

N> S o -

I
responders

non-responders



Center, M1 macrophages 7

PD']- p-value <1010 I—AG3p-vaIue <1010 Tlm'3p-value <1O‘10 VISTAp value <10-10
; | l 10! - 3
l i 1
. ] 10 ] 102‘:
~ | ] ¢ ] ]
= ‘ : _ :
° | i ’ _
()
N I
T 10% -
E 100 100 - I -
2 ] ]
] ] 1004 T
1 : E 10°+
responders non-reslponders responders non-resioonders responders non- responders responders non- responders
Cathepsin D IDO- 10 Ki-67 MHC-|
: pR/aIue <1010 ] 1p-va|ue <10 1 p-value <10~1° 102 - p-value <10~*°
] ] I 103 4 . ' ] )
] ] ] N ]
102_: i ¢ i N ¢ . N
L - ! w0 ‘ |
g : E ‘ 101‘: ‘
N 1 - I ]
e 5 ]
' 10° - '
0. - 0
- - | | 10_1 - | | - | |

responders non- responders responders non-responders responders non-responders responders non-responders



Periphery, M1 macrophages :

PD-]. p-value <1010 LAG3p-vaIue <10-10 Tlm'3p-value <1O‘10 VISTAp value <10710
I | | 101 4
. : 1 1_
1 : 0 . 102 5
~ | ] ¢ ] ]
= ‘ : _ :
o | ] l i
N _
T 101 5
€ 10°+ 100 - ] .
2 i E I
] ] 100 - I
1 ] E 100-E
responders non-reslponders responders non-resioonders responders non- responders responders non- responders
th N D IDO-1,. ~10 Ki-67 MHC-|
zca epR/§ luex<1 1p value <10 ~ p-Value <1O_10 102__ p-Value <10—10
: ] I 103 3 . ' ] )
] ] ] N ]
102_: i ¢ i N ¢ . N
L - ! w0 ‘ |
g : E ‘ 101‘: ‘
N 1 - 7 ]
e 5 ]
' 10° - '
0_ - 0
- - | | 10_1_ | | - | |

responders non- responders responders non-responders responders non-responders responders non-responders



Center, M2-like microglia 9

101—PD_1 p-value <107 ) LAG3p—vaIue <10-10 Tlm-3p-value <10710 VISTA N.S
; | | 10”5 " ' 104 ' ! 10° - ' '
] ; 5 f | !
1 | ] 1 $
= | ¢ 100 5 | | ;
2 . : 101 -
N 7] 7] 3
"_; i i ] ]
£ 1 ] ]
= 10715 . I
10° - : 1071 - |
] ] ] E— 10°
respolnders non-reslponders respolnders non-responders respolnders non-resioonders respolnders non-reslponders
-CatheJ?\%!DKQO% ;IDO-lp-Value <107'° KI-67 p-value <10~10 :IVIHC-|IO'Value <107%
2 1 | ! E | ! M b ! !
10 ] ¢ . i : .
- ‘ | ; i '
= | 10° 4 101; ‘
3 5 :
N 101 ’ ‘
© 3 4
£ ] i
2 ]
| 107+ 5
E 10—2_
10°- Z
: . ’

responders non-responders responders non-responders responders non-responders responders non-responders



Periphery, M2-like microglia
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Periphery, M2 macrophages
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Center, Microglial cells 13
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Periphery, Microglial cells
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Center, tumor cells/astrocytes 15
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Periphery, tumor cells/astrocytes 16
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Fig. S12. Assessment of immune checkpoint, proliferation and activation markers on
cellular subsets, stratified per IFNvy"* and IFNYy'"*" responses, and biopsy location.

Patient samples were stratified according to I[FNy response after immunomodulatory treatment
(see Figure 5C and G), and pooled. Log of normalized mean fluorescent intensity (MFI) values
of the respective markers in individual cellular phenotypes per region (center vs. periphery) and
per IFNy response (low vs. high) were plotted.

Page 1: center CD4 T cells, page 2: periphery CD4 T cells; page 3: center CD8 T cells, page 4:
periphery CD8 T cells; page 5: center lymphocytes; page 6: periphery lymphocytes; page 7:
center M1 macrophages, page 8: periphery M1 macrophages; page 9: center M2 like microglia,
page 10: periphery M2 like microglia; page 11: center M2 macrophages, page 12: periphery M2
macrophages; page 13: center microglia, page 14: periphery microglia; page 15: center tumor
cells/astrocytes; page 16: periphery tumor cells/astrocytes.

Statistics: non-parametric Kruskal-Wallis H-test [21], using Benjamini-Hochberg procedure to

control the false discovery rate.
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Baseline Parameters

ID Sex Age DG WHO Survival
577 M 73 GBM v 500
579 F 58 GBM v 505
580 M 39 GBM v 651
581 M 59 GBM v >700*
583 M 71 GBM v 227
587 F 69 GBM v 470
588 F 78 GBM v 204
* still alive
Genetical characterization
ID Subclass IDH MGMT TERT EGFR
577 MES WT UNM WT 2n
579 MES WT UNM WT 2n
580 RTK Il CL WT MET G228A 2n
581 RTK Il CL WT MET G228A >2n
583 RTK Il CL WT UNM G228A 2n
587 MES WT UNM WT 2n
588 MES WT MET G228A 2n
Tissue availability
Explant (D7) tissue Cytokines
ID Center Periphery Center Periphery
577 y y y y
579 y y y y
580 y y y y
581 y NA y y
583 y y y y
587 y NA y y
588 y y y y
Steroid dosage (Dexamethasone)

ID

Pre-operative Intra-operative Post-operative
577 8mg/day (104mg total) none 28mg
579 12mg/day (108mg total) 8mg na
580 12mg/day (60mg total) 12mg 12mg/d
581 12mg/day (84mg total) none 12mg
583 different doses/day (80mg total) none na
587 different doses/day (32mg total) 12mg na
588 24mg/day (24mg total) 4mg 20mg




Table S1. Clinical data and pathological-molecular tumor characteristics.
Abbreviations: MES mesenchymal; RTK II CL classical;WT wildtype; UNM unmethylated;
MET methylated; y yes; NA not available
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Data S1. (separate .xlsx file)

List of purified antibodies (sheet 1), CODEX multicycle panel (sheet 2) and
CODEX oligonucleotides (sheet 3) used in this study.
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