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® Hintergrund Immunologie
" Immunoonkologie und Checkpoint-Blockade
" Translationale Forschungsprojekte bei GeparNuevo
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2002, Elsevier Science (USA)

This presentation is the intellectual property of GBG. u ‘O t Universitires Centrum

fir Tumorerkrankungen
Frankfurt — Marburg  University Cancer Center



GBG
e ] Cancer immunity cycle

GROUP

Trafficking of
T cells to tumors

Priming and activation

Anti-CTLA4 @
Anti-CD137 (agonist)
Anti-OX40 (agonist)
Anti-CD27 (agonist)
IL-2
IL-12

Cancer antigen
presentation @
Vaccines

IFN-o.

GM-CSF

Anti-CD40 (agonist)
TLR agonists

®

@ Anti-PD-L1

Anti-PD-1
IDO inhibitoys

cancer cell antigens

Killing of cancgr cells

Infiltration of T cells
into tumors

Anti-VEGF

Recognition of
cancer cells by T cells

CARs

Chemotherapy
Radiation therapy
Targeted therapy
Chen et al. 2013 Immunity, PMID 23890059
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Immun-Checkpoint-Blockade (ICB)

= Sehr lang anhaltende ICB-Response

*" Nur ein Bruchteil von Patienten spricht an

= Wie lassen sich diese Patienten identifizieren?
=» Suche nach pradiktiven Faktoren fiir Response
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Predictive Factors for ICB-Response

= Schmid 2018 NEJM:

Metast. BC
Atezolizumab

C Overall Survival in the Intention-to-Treat Population

D Overall Survival in the PD-L1-Positive Subgroup

Median 2-Yr Rate of Median 2-Yr Rate of
No. of Events/  Overall Survival Progression-free No. of Events]  Overall Survival Progression-free
No. of Patients (95% 1) Survival (9556 CI) No. of Patients. (955 C1) Survival (953 CI)
% mo %
Atezolizumab s Nab-Padlitaxel 1817451 213 (173-23.4) 421 (343-49.9) Atezolizumab Nab-Paclitaxel ~ 64/185 25.0 (22.6-NE) 535 (42.3-64.6)
Placebo+ Nab-Paclitaxel 208451 17,6 (15.9-20.0) 397 (33.2-46.3) Placsbo+Nab-Paclitaxel ~ 85/184 15.5 (13.1-19.4) 36.6 (26.4-46.7)

Stratified hazard ratio for death, 0.84 (95% CI, 0.69-1.02)
P=0.08

Atezolizumab + nab-paclitaxel

Percentage of Patients
T

Stratified hazard ratio for death, 0,62 (35% C, 0.45-0.86)

Atezolizumab -+ nab-paciitaxel

30 v\—‘—\..__l- L
20] Placebo +nab-paclitaxel

Percentage of Patients
&
2

Schmid 2020 NEJM:
Early BC, neoadjuvant
Pembrolizumab

30
204
104 104
IR EEEEEE R IR EEEEEEEEE
Months Months
No. at Risk No. at Risk
Atezolizumabs 451 426 389 337 271 146 82 48 26 15 6 NE NE Mezolzumsbs 185 177 160 142 113 61 36 22 15 9 5 NE NE
nab-paciitavel nab-pacitael
Placebo+ 451 419 375 328 a6 145 89 52 27 12 3 1 MNE Placebos 18 170 147 128 89 414 T 18 13 6 NE NE NE
nab-paclitaxel nab-paclitare!
Pembrolizumab— Placebo— Difference in Pathological
Subgroup Chemotherapy ~ Chemotherapy Complete Response (95% Cl)
no. of patients with response /no. of patients (%) percentage points
Overall 260/401 (64.8)  103/201 (51.2) P—— 13.6 (5.4 to 21.8)
Nodal status i
Pasitive 136/210 (64.8) 45/102 (44.1) P ——— 206 (8.9 to 31.9)
Negative 124/191 (64.9) 58/99 (58.6) —— 63 (-5.31018.2)
Tumor size '
TltaT2 207/295 (70.2) 84/149 (56.4) | —— 13.8 (4.3 t0 23.3)
TitaT4 53/106 (50.0) 19/52 (36.5) B E——— 13.5 (-3.1t0 28.8)
Carboplatin schedule H
Every 3 wk 105/165 (63.6) 47/84 (56.0) — 7.7 (-5.0 to 20.6)
Weekly 154/231 (66.7) 56/116 (48.3) ;. —— 18.4 (7.4 t0 29.1)
PD-L1 status H
Positive 230/334 (68.9) 90/164 (54.9) P —— 14.2 (5.3 t0 23.1)
Negative 29/64 (45.3) 10/33 (30.3) —_— 183 (-3.3 10 36.8)
Age '
<65 yr 235/355 (66.2) 95/176 (54.0) —— 122 (3.4 to 21.0)
=65 yr 25/46 (54.3) 8/25 (32.0) ——————— 223 (-2110435)
ECOG performance-status H
score H
0 215/328 (65.5) 85/173 (49.1) P —— 16.4 (7.3 to 25.4)
1 45/73 (61.6) 18/28 (64.3)  — — -2.6 (-22.1t0 18.9)
30 20 o 0 10 20 30 40 50
Placebo— Pembrolizumab—
ch + ch h
apy Py
Better Better

PD-L1
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GeparNUEVO Study Design

Window of opportunity
until amendment
A

N=174 9 -
TNBC 3 g @ e
Strata: R =) o =. Q
o S 0 [
-TILs §e) n D <
(low/med/high) g D
Samples Samples Samples Samples
Tissue: FFPE, fresh frozen
Liquid biopsies: full blood, plasma, serum
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GeparNuevo: Translationale Forschungsprojekte

= Samples:
— FFPE:
— TILs, PD-L1, TMAs for IHC
— Genexpression durch RNA-Seq (HTG-EdgeSeq)
— Multicolour-IF von Immunzellen
— Frozen tissue (baseline biopsy):
— Whole Exome Sequencing: Mutationsprofile, Tumor Mutational Burden (TMB)
— Blut:
— Immunzell-Profile im peripheren Blut durch FACS-Analysen
— Serum:
— CtDNA u.a.
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GeparNuevo TraFo-2020

= Genexpression durch RNA-Seq
* Tumor Mutational Burden (TMB) durch Whole Exome Seq (WES)
= Immunzellprofil im peripheren Blut durch FACS
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e Genexpressionsanalysen in GeparNuevo
Sinn et al. Clinical Cancer Res, 2021 Feb 16, A Predefined Signatures
PMID 33593886:
—I Better response )9
B o S
. . . . 2 Dur — 0.005
* pratherapeutische Biopsien S b — 0.068
* Validierung von 4 vordefinierten Gensignaturen g ' o
als mogliche Pradiktoren fiir Ansprechen = e | —e— 0018
. e ne . . . All — 0.027
* Immunsignaturen pradiktiv in beiden Armen. 5 o . 0025
Ebenso PD-L1 mRNA. OO .. OO veeoe| oscvvpoonsuNT os
o All = 0.006
"m%‘ Dur . 2 0.125
o Pla T 0.020
05 i 2 4 8
Odds Ratio for pCR
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arEAsT Genexpressionsanalysen in GeparNuevo
. ® 7 [erweer : 70% pCR
Sinn et al. 2021, PMID 33593886: | L : o
© Q‘E~ ) :.
° g .
A s
. e S I S R R S L SUTEPRTOPRRRS
* Unabhangiger pradiktiver Wert von © PR A
Immun- und Proliferations-Signaturen o - .
fiir Ansprechen auf neoadjuvante Chemotherapie R e neR
s & 7 8 5 1
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§ 7 ey o [70%
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aREnsT Genexpressionsanalysen in GeparNuevo
* Explorative Analyse: Durvalumab-spezifische Gene A iferential gene expression
mit Bezug zu Antigenprasentation Durvalumab arm = pCR vs. no pCR
© | DEcreased in pts. with ;.)CR | | INc-raased in pts. with pCR |
Schussfolgerung: o -
E . GBP1
* Immun-Gensignaturen mit pCR nach T . | . “3**"‘"’2:1;
Chemotherapie assoziiert doch nur bedingt S N ae
s geo ° .o o o o™ - : ;
verwendbar zur Pradiktion zusatzlichen S -
Checkpoint_Blockade_Benefits_ TS) QU oo e ...............................................
e Antigenprasentation: Kandidaten fiir weitere -
Untersuchungen.
I I I I I I I
-15 -10 -05 0.0 0.5 1.0 15
logFC
Sinn et al. 2021 Clinical Cancer Res, PMID 33593886
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BrighTNess Genexpressionsanalysen

Metzger Filho et al. JAMA Onc, 2021 Feb 18, PMID 33599688:

IZ PAMS50 proliferation score, arms A + B ® pCR
O RD

1.0+

56% pCR | 72% pCR
(48/86) P (68/94)
| L] ° o

. ¥ x’
e R I ¢ Y L
PR
7777777777 %, o8 =9 e g
ot éﬁfﬁo .

05 & o 00‘0.1 > oo
o
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-1.0 = S il
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(39/94) | (41/85)

-1.5 T T it T
0 1 2 3 4 5
GeparSixto immune score

GeparSixto Score
CD8 T-cell (CIBERSORT) n
CD4 T-cell (CIBERSORT) u
B-cell (CIBERSORT) =
Macrophage (CIBERSORT) ]
Dendritic cell (CIBERSORT) u
Neutrophil (CIBERSORT) |
02 04 06 08 10 12 14 16 18 20
Relative Risk: Arms A/B vs. C

<+ >
Favors AC-T + Favors AC-T only
carboplatin

* Unabhangiger pradiktiver Wert von * Explorativ:
Immun- und Proliferations-Signaturen « CD8 - Benefit Carboplatin
e pradiktivin beiden Armen
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Trafficking of
T cells to tumors

Priming and activation

Anti-CTLA4 @
Anti-CD137 (agonist)
Anti-OX40 (agonist)
Anti-CD27 (agonist)
IL-2
IL-12

Cancer antigen
presentation @
Vaccines

IFN-o.

GM-CSF

Anti-CD40 (agonist)
TLR agonists

®

Killing of cancer cells

Infiltration of T cells
into tumors

Anti-VEGF

Recognition of
cancer cells by T cells

CARs

Anti-PD-L1
Anti-PD-1
gancer cell antigens IDO inhibitors
Chefotherap
Radiation therapy
Targeted therapy
Chen et al. 2013 Immunity, PMID 23890059
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Tumor Mutational Burden (TMB)

Non-synonymous mutations per tumor
(median +/- one quartile)

i olorectal -] J ; : : I : l l I { |l;—|I—4|‘
= Lung (SCLC) - b t
g Lung (NSCLC) - ; '
= Melanoma - —t

Esophageal (ESCC) e

Non-Hodgkin lymphoma - | —
l Colorectal (MSS) - e ]
ead and neck - —_
g Esophageal (EAC) - ——
B Gastric ——
é Endometrial (endometrioid) ——
2.' Pancreatic adenocarcinoma - o
3 Ovarian (high-grade serous) e
@ Prostate - ——
Hepatocellular - —4—i
Glioblastoma - ——
Breast | R ——
Endometrial (serous) - (="
|Lung (never smoked NSCLC){ i |

_'-.; Chronic lymphocytic leukemia | H{
s Acute myeloid leukemia - H
2

Potential neoantigens:

Melanoma, Lung cancer: >100

Breast: 20-70
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iy ] Tumor Mutational Burden (TMB) und ICB-Response

TMB assoziiert mit ICB-Response

n>1600 cancers from MSK: TMB from Panel-NGS

a —a— Top 10% TMB within histology
100 + ~s= Top10-20% TMB within histology
z —i— Bottom 80% TMB within histology
T
=
2
E 50 4
T
]
é
P=17x10°
0 T T T 1
0 12 24 36 48
No. at risk Time (m)
Bottom 80% 1,305 586 231 85 33
Top10-20% 184 100 39 16 5
Top10% 173 101 43 16 6

Samstein 2019 Nature Genetics, PMID 30643254

Kombination von TMB und
Immun-Genexpressionsprofil

n>300 KEYNOTE trials: TMB from Whole Exome Seq

TMBY, (n=37) GEP*, (n=68)
TMBF, (n=82) GEP*, (n=45)
0.48; 0.30-0.76 0.54; 0,35-0.81

TMBNGEP™, (n=27)
TMBE or GEP", {n=86)
TMBSGEP®, (n=36)
0.43;0.26:0.74

B Moderate: Immune evasion D Strong: Intense cytolytic activity ‘

tumor cell (low TMB/
necantigenicity)

Immunogenic tumor
* cell(high TMB/
neoantigenicity)

®

* Dendritic cell

=== Fibroblast

TMB

&

A Reduced: Lack of immunogenicity | C Moderate: Stromal/endothelial ME

Immune Genexpression

Cristescu 2018 Science, PMID 30309915
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* Pradiktiver Wert des TMB fiir pCR in GeparNuevo

= Pradiktiver Wert einer Kombination von TMB und einem
Immun-Genexpressionsprofil (GEP)

This presentation is the intellectual property of GBG. u ‘O t Universitires Centrum

fir Tumorerkrankungen
Frankfurt — Marburg  University Cancer Center



G B G GBG Jahrestreffen 2021
Ergebnisse TMB
Zusammenhang von pCR und TMB: All patients Durvalumab Placebo arm
arm
P=0.005 P=0.238 P=0.005
= Medianer TMB hoher bei 8 1 I 1
Patienten mit pCR T
(1.87 vs. 1.39; P=0.005) 6

= Signifikant im
Placebo(Chemo) Arm
(P=0.005)

RD

pCR

TMB (mut/Mb)
N

N

:

pCR

:

pCR

2.

Karn et al. 2020 Ann Oncol, PMID 32461104
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Ergebnisse TMB als Pradiktor

Pradiktiver Wert des TMB fiir pCR in GeparNuevo (Logistische Regression) :

Test for
All patients Durvalumab Placebo
interaction

Continuous TMB JEE
(mut/Mb) OR (95% Cl) 1.62 (1 20-2.20)  1.45 (o 99-2.14)  1.87 (1 13-3.08)
P-value 0.002 0.060 0.014 0.439
Multivariate # N 133 64 69
OR (95% Cl)  177(1.00-3.13)  2.82(1.21-6.54)
P-value 0.001 0.049 0.016 0.436
Dichotomized TMB Univariate N 149 74 75
] OR (95% Cl) 2.22 (1.11-4.43)  2.51(0.95-6.64)  1.89 (0.70-5.12)
P-value 0.024 0.065 0.208 0.694
Multivariate # N 133 64 69
OR(95%Cl)  3.45(1.41-8.45)  4.66(1.18-18.48) 2.21(0.60-8.12)
P-value 0.007 0.028 0.232 0.438

#including age, stage, grading, stromal TILs, PD-L1 status, and window treatment Karn et al. 2020 Ann Oncol, PMID 32461104
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Ergebnisse TMB & Immun-Genexpressionsprofil

= Hohe pCR-Rate (82%) bei Patientinnen mit sowohl
hohem TMB als auch hohem Immun-GEP

= Unabhangiger pradiktiver Wert
von TMB und Immun-GEP in
multivariater Analyse

A B
A A pCR rates
|| Multivariate Log.Reg.* ®T ocn P
TMB OR 2.06 (1.34-3.16) RD .
(mut/Mb) P=0.001 61
Immune OR 1.58 (1.03-2.41) 2 ' 2
= . =
GEP P=0.036 2| 4 A . g
# including TMB, GEP, age, stage, grading, treatment window g .k .. R b g
i T L Y
2 ;‘:‘. .'i:.‘ﬁ' :‘“
A . ' . ‘i .t
" oo b . 4
MY e
01 e et
B 5 6 7 8 9

Karn et al. 2020 Ann Oncol, PMID 32461104

Immune GEP

Cutoff values: GEP median, TMB upper tertile Immune GEP
o
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Schlussfolgerungen TMB

= Tumor mutational burden (TMB) ist ein Pradiktor fiir pCR in GeparNuevo
= Gilt jedoch fiir beide Studienarme, Chemo + Durvalumab und Chemo allein.

= Sowohl TMB als auch ein Immun-Genexpressionsprofil besitzen unabhangigen
pradiktiven Wert in der multivariaten Analyse

= Eine Kombination von TMB und GEP kann die Pradiktion der pCR verbessern,
doch ist weiterhin kein spezifischer Pradiktor fiir die Checkpoint-Blockade
verfugbar.

Karn et al. 2020 Ann Oncol, PMID 32461104
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Multicolor-FACS-Analysen von Blutproben in GeparNuevo

Massa et al. J Immunother Cancer, 2020, PMID 33199511

» Ziel der ersten Untersuchungen:

e Evaluierung des Chemo-Effekts auf verschiedene Immunzellen in vivo
 Methode:

* Multicolor-FACS von Immuzellen im peripharen Blut
e 3 Zeitpunkte:

* Baseline / Post-Nab-Pac / Post-EC
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Massa et al. J Immunother Cancer, 2020, Agl = %
PMID 33199511 =g
2 i B

* Geringer Effekt der ersten Phase der 1o
Chemotherapie auf Immunzell-Zusammensetzung .

e >90% Verlust von B-Zellen und ca. 50% Reduktion ;E
von NK-Zellen und CD4-T-Zellen nach zweiter i
Chemo-Phase Ho

* CD8-T-Zellen weniger beeinflusst 1 &

e Moglicher unterschiedlicher Einfluss der TR e T Rt
Chemotherapeutika, Bedeutung fiir gz == = a5
Immuntherapie "’” ‘@%& - *ﬁ?&«éﬁ& 2 @@—@;%

This presentation is the intellectual property of GBG. u Gt Universitires Centrum

fir Tumorerkrankungen
Frankfurt — Marburg  University Cancer Center



GBG

GERMAN
BREAST
GROUP

GBG Jahrestreffen 2021

Fortsetzung TraFo in GeparNuevo

— Blut: Immunzell-Profile im Durvalumab-Arm

— Tumorgewebe: Multicolor-Immunfluoreszenz, TMA

— Spatial Profiling: GeoMX

— Bioinformatik: Validierung von Signaturen aus anderen Studien (RNA-Seq, WES)
— Serum: ctDNA / RNA

— ...und mehr...
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