Immunterapi ved kreft
Bakgrunn og klinisk bruk
— Et paradigmeskifte —
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Bakgrunn
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Immunologi

* Det medfgdte immunforsvar

* Det ervervede immunforsvar - adaptivimmunitet mot spesifikke patogener — og kreft

Antigen
Asmund Flobak, 29. januar 2021 oo ST. OLAVS HOSPITAL E NTNU

TRONDHEIM UNIVERSITY HOSPITAL



Hvorfor immunterapi?

» Spesifisitet
 Hukommelse

* Tilpasningsdyktighet
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Kreft

Sustaining Evading
proliferative growth
signaling suppressors

‘Ukontrollert cellevekst’ Deregulating Avoiding
cellular immune
energetics %destruction
Resisting Enabling
cell replicative
death immortality

Genome Tumor-
instability & ~ promoting
mutation inflammation
Inducing Activating
angiogenesis invasion &
metastasis

Hanahan and Weinberg, 2011
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Behandlingsmodaliteter ved kreftsykdom

Kirurgi
. Lokalisert sykdom

Stralebehandling

Medikamenter
* Kjemoterapi
* ‘Malrettet behandling’

—  Metastatisk sykdom

Immunterapi

Hanahan and Weinberg, 2011
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Solide svulster

Cancer Stem Cell (CSC)

Immune
Inflammatory Cells
(ICs)

Hanahan and Weinberg, 2011
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Immuno-onkologiens historie

* Immunceller i kreftsvulster (Virchow, 1860s)

e Kurasjon av sarkom etter erysipelas (Coley, 1880s)

e Lavere insidens av kreft hos tuberkulosepasienter (Pearl, 1929)
* BCG mot overflatisk bleerekreft (Morales, 1976)

* Fgrste antistoff i kreftbehandling: Rituximab (1997)

Round-celled sarcoma of neck, cured by erysipelas. Photograph taken
seven years after. (BuLL’s case.)
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Virus vaccines

Cancer immunotherapy

\ 4

Trigger responses

\ 4

Cancer vaccines

Y

Antibody-guided therapy

Y

Exogenous

\ 4

Endogenous

Y

Antigen-presentation

Y

Adoptive T-cell therapy

\ 4

Patient-specific

y

v -

@or-type specific >
/

Modulate responses

NK-cell

Dendritic

B-cell

cells
T-cell

Immune cells

v

DC maturation

v

T-cell expansion

—

< Antigen presentation )

Prolong T-cell activity

N~ I

@NTNU



Immunrespons mot kreftsvulster
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Immunterapi i klinisk bruk
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F@rst: Starte en Immunrespons
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Celle-baserte behandlinger

» «Erstatte» deler av
lymfeknuten: Aktivere
immunceller utenfor
pasienten
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presentation
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Sipuleucel-T: Vaksine mot prostatakreft

©
\APCS e
in vitro

Leukapheresis

* Eksogen teknikk for a produsere antigen-
presenterende celler (APC)

* Immunogent fusjonsprotein

* Prostata-specific: Prostatic Acid Phosphatase
(PAP)

Antigen taken up
and presented by APC

PAP CD54
\ —_— )

PAP-GM-CSF

Infuse

* Immunstimulerende: GM-CSF (adjuvant)

* Forste FDA-godkjente kreftvaksine

* (ikke tilgjengelig i Europa)

. T-cell T cells attach
APC activates T cells proliferation to cancer cells

Di Lorenzo et al. 2011
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ine mot prostatakreft
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Leukapheresis
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) T-cell T cells attach
APC activates T cells proliferation to cancer cells

Di Lorenzo et al. 2011
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Sipuleucel-T: Klinisk bruk

* IMPACT-trial:

100+

80-
X Median overall survival bedring: 4.1 maneder (25.8 vs 21.7)
A
Hi ————————————— - s
% 40 i

o

O | : | : | | | |
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Months since Randomization Kantoff et al-: 2010
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Lymfom/leukemi: Modifiserte T-celler

Baserer seg pa modifisering av T-celle-reseptoren

(TCR) for a angripe B-celler

e Uten a ga via antigen-presenterende celler
* Anti-CD19-antistoff gir respons mot B-celler

» Spesifisitet som antistoff, effektuering som T-

celler

Kalles ogsa ‘kimaer antigen reseptor’- eller
chimeric antigen receptor of T-cells (CAR-T)
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Lymfom/leukemi

To medikamenter godkjent av FDA i 2017.

e Akutt lymfoblastisk leukemi: Tisagenlecleucel (august 2017, Norge des 2018, <25 ar)
e Storcellet B-celle-lymfom: Axicabtagene ciloleucel (oktober 2017, enda ikke Norge)
A Obijecti . .
foctive Response fate Axicabtagene ciloleucel
[ Complete response
90 82 23 82 Partial response
. 30 I Stable disease
R 704 M Disease progression
g 601 4 54 Could not be evaluated
T A (38) 71 (55)
3 (17)
o 40—
E o 12
204 132 8 1
(9) 5 4 4 28 (11 5 2
104 [23) 4) 1 12 (2) 1 1 (28) (5)
0_4._- ) B W o B = 2
ORR SD  PD  NE ORR SD  PD  NE ORR SD  PD  NE Neelapu et al., 2017
DLBCL (N=77) PMBCL or TFL (N=24) All Patients (N=101)
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Axicabtagene ciloleucel (axi-cel) ved DLBCL

* Over 50% to ars
overlevelse hos en
gruppe pasienter som

100 Median overall survival not reached (95% Cl 12-8-NE)

tradisjonelt har hatt
o 804
overlevelse pa ca 6 -
maneder (SCHOLAR-1) $ 6o
T o
&
0 . . 204
* 83% hadde objektiv Locke et al. 2019
reSpOnS mot 26% i 0 T T T | T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
0O 1 2 3 4 5§ EL) 7 é 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
tilsvarende Nomberat isk Time (months)
H 2 (number censored) 101 99 97 96 93 87 80 78 74 70 69 63 61 60 60 56 54 53 53 53 52 51 51 50 41 32 25 18 12 7 6 1 0
paSIeﬂtgrupper pa (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (1) (10)(19)(26)(33)(39)(44)(45)(50)(51)

standard behandling
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Na: Modulere en pagaende immunrespons
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Modulere immunrespons: Sjekkpunkthemmere
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Cytotoxic T Lymphocyte Antigen 4
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CTLA-4-hemmere

B7 CD28

CTLA-4 Antibody
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Ipilimumab: Antistoff mot CTLA-4

* FDA-godkjent mars 2011, Norge 2013
* Nobel-pris 2018

* Indikasjoner:
* Melanoma (metastatisk/ikke-resektabel)
* Melanoma (adjuvant)
* Nyrecellekarsinom (kombinasjon med nivolumab, fgrste linjes behandling)

James Allison
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lpilimumab (CTLA-4): Malignt melanom

* Hver 3. uke, opp til fire behandlinger

* 676 pasienter (3:1:1=ipilimumab+gp100:ipilimumab:gp100)

1004 , .
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Programmed Cell Death 1

d PD-1-hemmere Immature DC

* Forlenger aktivitet av
aktiverte T-celler

Antigen
uptake

e Flere pa markedet:

Tumour o  ©
e Nivolumab antigens
* Pembrolizumab ¥
* Atezolizumab

e Avelumab
* Durvalumab

Prolonged XS
CTL activity XXX

Tasuku Honjo —
Nobelprisen 2018
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* Cemiplimab
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PD-1-blockers: Sustained T-cel

PD-1

e PD-1-hemmere Antibody
* Forlenger aktivitet av . . ‘
aktiverte T-celler
PD-1L PD-1

e Flere pa markedet:
e Nivolumab

e Pembrolizumab c

e Atezolizumab - '
. (
Avelumab 0 Tumor cells
e Durvalumab .
e Cemiplimab ~y -
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Pembrolizumab: Antistoff mot PD-1

* FDA-godkjent september 2014 (melanom), Norge 2015

* Indikasjoneri Norge:

Melanom (metastatisk eller ikke-resektabel, og adjuvant)
lkke-smacellet lungecancer (NSCLC)

Klassisk Hodgkins lymfom (residiv)

Urotelialt karsinom

Hode-hals-kreft

Nyrecellekarsinom (i kombinasjon med aksitinib)
(tykktarmskreft ved mikrosatelittinstabilitet)

Og i USA: noen flere

Asmund Flobak, 29. januar 2021
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Pembrolizumab (PD-1): Lungekreft (NSCLC)

e 1034 pasienter tidligere behandling og med PD-L1-uttrykk >1%

» Kontrollgruppe: docetaxel 75 mg/m?

—— Pembrolizumab 2 mg/kg
—— Pembrolizumab 10 mg/kg
—— Docetaxel

Median overall survival-bedring: 5.2
months (12.7 vs 8.5)

Overall survival (%)

KEYNOTE-010 trial
OS uavhengig av PD-L1- Herbst et al., 2015
215 UttrYkk
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Nivolumab: Antistoff mot PD-1

* FDA-godkjent desember 2014 (malignt melanom), Norge 2015

* Indikasjoner:
* Malignt melanom (metastatisk/ikke-resektabel) — alene eller med ipilimumab (fgrstelinje)
* |kke-smacellet lungekreft (NSCLC)
* Hode-hals-kreft (plateepitel)
* Klassisk Hodgkins lymfom (residiv)
* Nyrecellekarsinom
» Urotelialt karsinom
« (sofagus plateepitelkarsinom
e (Tykktarmskreft ved mikrosatelittinstabilitet)

* OgiUSA: noen flere
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Nivolumab (PD-1): Malignant melanoma

» 418 pasienter, tidligere ubehandlet (BRAF-mutasjon negative)

e Kontrollgruppe: dacarbazine

Hazard ratio for death, 0.42 (99.79% Cl, 0.25-0.73)
P<0.001

Nivolumab

. ~~;‘.
Dacarbazine S

— +———— ‘Et paradigme-skifte’

Patients Surviving (%)
(W]
o
1

40-
307 Patients Who Died Median Survival ©
20+ no. ftotal no. mo (95% Cl) —
104 Nivolumab  50/210 Not reached ]
Dacarbazine 96208 10.8 (9.3-12.1) CheckMate 066-trial
0 T I T I T 1
0 3 6 9 12 15 18

Robert et al., 2015

Months
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Nivolumab (PD-1): Mali

. T 100 —A— NIVO
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70 - -
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— 60 A :
= |
on 50
w 1
o : |44 39
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90- P<0.001 30 4 : i i E
I 1 1 1
304 20 - 1 1 L 118 ,
3 Nivolumab : i E ! 9‘“—0:
w ] 107 ! : : :
:§ 60_ 0 I 1 I l| 1 I I l| T I I : I I I ; I I I f I I I I I
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20+ no. ftotal no. mo (95% Cl)
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Months
o . ”
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Et paradigmeskifte — klinisk perspektiv

Survival

100% 4~

50% -
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Et paradigmeskifte — vitenskapelig perspektiv

* Anvendt forskning - behandling:
* Direkte rettet mot kreft: Kirurgi, kjemoterapi, stralebehandling

* Indirekte rettet mot kreft: Immunotherapy

Cancer Stem Cell (CSC)

e Basalforskning:

e Basert pa kunnskap om samspillseffekter

Immune
Inflammatory Cells

mellom kreftceller, mikromiljget og (ICs)

Immunsystemet o

Invasive Cancer Cell
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Kombinasjonsbehandling
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Kombinasjoner med andre immunterapier

®
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CTLA-4 og PD-1: Malight melanom

e 1296 pasienter, tidligere ubehandlet. 5 ars overlevelsesdata

e Behandling: Nivolumab (PD1) + Ipilimumab (CTLA4) vs monoterapi

Overall Survival

Patients Who Survived (%)

—+— Nivolumab plus Ipilimumab —&— Nivolumab —@&— Ipilimumab

CheckMate 067-trial

T
0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60
Months

No. at Risk

Nivolumab plus ipilimumab 314 292 265 248 227 222
Nivolumab 316 292 266 245 231 214
Ipilimumab 315 285 253 227 203 181

210
201
163

201
191
148

199
181
135

193
175
128

187
171
113

181 179 172 169 164 163 159 157 155 150
164 158 150 145 142 141 139 137 135 130
107 100 95 94 91 87 84 81 77 73
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Larkin et al., 2015
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Larkin et al., 2019
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Sustaining Evading
proliferative growth
signaling suppressors

Combinationg with other t(/erap's

Deregulating Avoiding

immune

—

cellular
i destruction

IN COMBINATION: MORE TRIALS, BETTER TARGETED BHSgeNes
The number of new clinical trials that combine checkpoint inhibitors targeting PD-1 or PD-L1 with other @
treatments is soaring worldwide. At the same time, the average planned enrolment for each trial is dropping, * ———
partly reflecting more targeted study populations. P

B vttt

Resisting N Enabling
r_‘g 400 .......................................................................................................................................................................................... Ce” .; replicative
= death QN immortality
8 ................. \ \ 3
5 New combination trials
_ﬂg saw a dramatic inCrease | B S % 1 *
= beginning around 2011. \
=3
= e, s . s s . . @ e -
Genome ‘@/7 WP
o1 . ‘ ‘ ‘ l . l . instability & oo
B 2009 2010 2011 2012 2013 2014 2015 2016 2017 mutation inflammation

Schmidt, 2018

Inducing Activating
angiogenesis invasion &
metastasis
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Rasjonale

* Medikamentkombinasjoner kan sikre
flere med respons pa to konseptuelle
mater:

* Ta hgyde for heterogenisitet i en
populasjon

* Girespons hos gruppe pasienter
som ellers ikke ville hatt respons for
noen av enkeltmedisinene (synergi)

* For kombinasjoner med immunterapi er
det et hap om a oppna synergistiske
effekter

Asmund Flobak, 29. januar 2021

Population of patients
with heterogeneous tumors

non-responders

Some
ftumors
respond
to Drug A

Some tumors
respond to Drug B

= Clinical benefit from combination cancer therapy
without additive or synergistic drug interactions
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Kombinere sjekkpunkthemmere og cellegift?

®

Antigen
presentation

* Kjemoterapi kan gke immature DC @
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Antigen-heterogenitet

@ndlings@

Asmund Flobak, 2s. 1
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The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Pembrolizumab plus Chemotherapy
in Metastatic Non—Small-Cell Lung Cancer

L. Gandhi, D. Rodriguez-Abreu, S. Gadgeel, E. Esteban, E. Felip, F. De Angelis,

* Pembrolizumab + pemetrexed + platinum-kjemo
VS

* Placebo + pemetrexed + platinum-kjemo
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* Min konklusjon: Det er bedre a fa kjemo med
immunterapi enn bare kjemo, men om kjemo
gker effekten avimmunterapi besvares ikke
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Kombinere immunterapi og stralebehandling?

* Samme rasjonale som kjemoterapi:

* Indusere kreft-spesifikke antigener
(neoantigener) i hap om a bedre
immunforsvarets mulighet til 8 gjenkjenne
neoantigener
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Framtiden
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Framtidsscenarioer

* Flere behandlingsmuligheter, flere mekanismer, flere malceller
* Flere kreftformer

* Kombinasjonsbehandling
* Immunterapier

 Kirurgi, stralebehandling, malrettet behandling
 |dentifisere biomarkgrer for & predikere respons

* Persontilpasset immunterapi med pasient-deriverte antigener
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