Dem Krebs auf der Spur:
Mechanismen der Metastasierung und
neue Therapien

Anna Obenauf
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O Krebs ist in vielen Laendern die Haupt-Todesursache
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O Metastasierung in lebenswichtige Organe ist fur 90% der Krebs-assoziierten Todesfalle verantwortlich
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Metastasierung in lebenswichtige Organe ist fur 90% der Krebs-assoziierten Todesfalle verantwortlich

FASZINIERENDER BIOLOGISCHER PROZESS

WICHTIGES KLINISCHES PROBLEM



Klinische Prasentation variiert zwischen verschiedenen Entitaten

Time to overt metastasis after diagnosis
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Years

Short latency
Aggressive disease course
Multi-organ metastasis

Lung cancer

gs Osteolytic BM
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Breast cancer

Sequential metastasis

Colon cancer

Long latency
Strong preference for bone metastasis

Osteoblastic BM
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Prostate cancer

Obenauf A et al, Trends in Cancer, 2015



Klinische Prasentation variiert zwischen derselben Entitat aber verschiedenen molekularen Subtypen

Frequency of Site-Specific Metastasis Among Patients Who Developed Distant Disease

)
Distant Pleural/
Brain | Liver Lung Bone Nodal Peritoneal
No. of
Subtype Patients NoJ % |[No. % No. % No. % No. % No. %
Luminal A 458 35 |7.6 |131 28.6 109 23.8 305 66.6 73 15.9 129 28.2
Luminal B 378 41 [10.8|121 32.0115 30.4 270 71.4 88 23.3 133 35.2
HER2 positive, ER/PR 117 18 |15.4|52 44.4 43 36.876 65.026 22.2 40 34.2
positive
HER2 positive, ER/PR 136 39 |28.7]62 45.6 64 47.1 81 59.6 34 25.0 43 31.6
negative
Basal-like 159 40 |25.2|134 21.4 68 42.862 39.063 39.6 47 20.6
TN nonbasal 109 24 |22.0|35 32.1 39 35847 43.1 39 358 31 28.4
P <Jjoo1 | <.001 <.001 <.001 <.001 .3214
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\—/



e

Heterogeneous
tumors
LS
Klinische Gen-
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Funktionelle Modelle zur Studie der Metastasierung
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Functional validation

Minn, Gupta et al., Nature, 2005
Mguyen et al., Cell, 2000
Bos et al, Mature, 2009
Vianharanta et al., Mat. Medicine, 2013

Lung Bone

Brain

MMTV-ERBB2 brain metastasis model (immunocompetent)

Serpins promote cancer cell survival and vascular co-option in brain metastasis.
Valiente M, Obenauf AC, et al., Cell, 2014



Die Metastasierungskaskade

Pre-colonization Colonization phase

Dissemination
single cells or clusters
coated with platelets

Primary tumor Arrest and extravasation

Invades into periphery in distant organs
Activates the stroma size/adhesion
Induces neo-angiogenesis distinct vascular barriers

Massague & Obenauf, Nature, 2016



Die Metastasierungskaskade

Systemic _
signals — Pre-m_etastatlc
(LOX, VEGF, PIGF) niche

cancercell , °°

E>

Blood vessel
° P TGF-B
P » /
r"(,—fd . o)
o A ®
M ~F o TNC, POSTN
cel' Myeloid cells N, POk
Fibroblasts
Ad hoc
niche

Bone-marrow-derived cells

Mobilized o -‘/? {Organ-resident cells

Neutrophils

Extracellular matrix

Perivascular
niche

—

Endothelium Further metastatic
seeding

Pre-existing
microenvironment

\ CXCL12,
CXCR4 WNT, BMP

he
Native stem-cell

N

niche

Massague & Obenauf, Nature, 2016



—_—
T —

£

C
X

—
—
——f.

Metastasierung in lebenswichtige Organe ist fur 90% der Krebs-assoziierten Todesfalle verantwortlich

FASZINIERENDER BIOLOGISCHER PROZESS

WICHTIGES KLINISCHES PROBLEM



Total mutations: 5000

Driver mutations: 5

Druggable mutations: 5% -
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Synthetische Lethalitat
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Eine Erfolgsgeschichte: Zielgerichtete Therapie in Chronisch myeloider Leukemie

Chronic myeloid leukemia (CML) 10
“~— 92% TK| (BCR/ABL inhibitors)
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Zielgerichtete Therapie beim Melanom: neue Herausforderungen fiir die Zukunft

38 year-old patient with Vemurafenib (PLX4032) Vemurafenib (PLX4032)
melanoma (BRAFV600E) 15 weeks 23 weeks

Wagle et al., J Clin Oncol. (2011)
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Zielgerichtete Therapie beim Melanom: neue Herausforderungen fiir die Zukunft

38 year-old patient with Vemurafenib (PLX4032) Vemurafenib (PLX4032)
melanoma (BRAFV600E) 15 weeks 23 weeks

Wagle et al., J Clin Oncol. (2011)

e e  Therapy-induced tumour secretomes promote
resistance and tumour progression

Anna C. Obenauf', Yilong Zou"**, Andrew L. Ji'*, Sakari Vanharanta', Weiping Shu', Hubing Shi*, Xiangju Kong®,
Marcus C. Bosenberg™®, Thomas Wiesner’, Neal Rosen®, Roger S. Lo® & Joan Massagué'

Nature, 2015
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Paul Ehrlich erkannte bereits frih die Signifikanz des Immunsystems

In the 19" century Paul Ehrlich proposed

* The concept of immune surveillance
(immune system constantly eradicates malignant cells)

* That we may use the immune system to fight cancer




William Coley - Chirurg am Memorial Sloan Kettering in NY
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William Coley heilte Krebs mit der Injektion von toten Bakterien

DIE GEBURT DER KREBS-IMMUNOTHERAPIE

Patient with rapid response Patient responded after 63 injections

Cancer Research Institute/Proceedings of the Royal Society of Medicine 01/1910/3 (Surg Sect): 1-48



O Killi Immune cell
PN /”-ng\ (T-cell)

m
T —
—
—
_—f-

G VY ) Immuntherapien
h O Ein Paradigmenshift
\ / in der Krebstherapie!




Ergebnisse nach Immuntherapie

Day 263 (26)

_Day1(

These are not isolated patient cases any more:

A large fraction of melanoma patients responds and the responses are durable.

Wolchok et al., NEJM, 2017; Tsao et al, Scientific Reports, 2015



Immuntherapien werden in der Klinik fir verschiedene Tumortypen verwendet

As of 2017,
immunotherapies
were FDA approved
for certain patients with:

Hodgkin lymphoma

Kidney cancer

Bladder cancer

Melanoma

American Association for Cancer Research (AACR)

Head and
neck cancer

Solid tumors that
are MSI-high or
MMR-deficien

Colorectal cancer

Merkel cell
carcinoma

Challenges remain:

About half of patients from these
(in principal responsive) cancer
types do not respond

In many cancer types
immunotherapies are ineffective



O Killi Immune cell
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Neue targets
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Immuntherapien

Ein Paradigmenshift
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Ziel: Mittels Kombinationstherapien die Uberlebenskurven verschieben

survival (%)

time (months)
Chemotherapy: cytotoxic, systemic inhibition of proliferating cells
Targeted therapy: inhibition of specific oncogenic signaling pathways, lack of durable responses
unleashing immune system to fight cancer, durable but only in fraction of patients

Combination therapy: the future of cancer treatment
Adapted from Sharma and Allison, Cell, 2015



Mein Team am IMP

Find out more @
www.obenauflab.com
www.imp.ac.at
www.training.vbc.ac.at

Looking for motivated

students/postdocs/
bioinformaticians.

Some of our collaborators:
Thomas Wiesner
Funding:

Technical support: Johannes Zuber
W|W|T|F IMP@

Iris Helfrich/Dirk Schadendorf
6 Marcus Bosenberg
oo : Michael Speicher
"::';';grc Boehringer IMP J \‘{ VBCF Flavio Solca
AR ||||| Ingelheim

Ulrike Weyer-Czernilofsky


http://www.obenauflab.com/
http://www.imp.ac.at/
http://www.training.vbc.ac.at/







O Immune cell

(T-cell)

£,
—C .
) al—

CRISPR/Cas9 “DNA scissors”

( ) (

/ Cancer cell
\

Sv %W Protein




1 von 2 Mannern
1 von 3 Frauen

entwickelt einen Tumor

k’ ~7{ im Laufe des Lebens.




Hauptursache der Sterblichkeit

B Cardiovascular

Townsend et al., Eur Heart J (2016)



Chirurgische Resektion des Primartumors ist in vielen Fallen kurativ

Chirurgische Resektion

s ®  Tumorzellen kénnen den Tumor friih verlassen
~undin einem “schlafenden Zustand” tberleben



Metastasis is responsible for more than 90% of cancer related deaths
and requires systemic therapy
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Metastasis is responsible for more than 90% of cancer related deaths
and requires systemic therapy

IMPORTANT CLINICAL PROBLEM

FASCINATING BIOLOGICAL PROCESS




Clinical presentation of metastasis varies dramatically

Time to overt metastasis after diagnosis
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Even within the same cancer type metastatic patterns are present

Frequency of Site-Specific Metastasis Among Patients Who Developed Distant Disease

)
Distant Pleural/
Biain | Liver Lung Bone Nodal Peritoneal
No. of
Subtype Patients NoJ % |[No. % No. % No. % No. % No. %
Luminal A 458 35 |7.6 |131 28.6 109 23.8 305 66.6 73 15.9 129 28.2
Luminal B 378 41 |10.8|121 32.0 115 30.4 270 71.4 88 23.3 133 35.2
HER2 positive, ER/PR 117 18 |15.4|52 44.443 36.876 65.026 222 40 34.2
positive
HER2 positive, ER/PR 136 39 |28.7|162 45.6 64 47.1 81 59.6 34 25.0 43 31.6
negative
Basal-like 159 40 |25.2|34 21.4 68 42.862 39.063 39.6 47 20.6
TN nonbasal 109 24 |22.0|35 32.1 39 35847 43.1 39 358 31 28.4
P <loo1 | <.001 <.001 <.001 <.001 .3214
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Funktionelle Modelle zur Studie der Metastasierung
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Functional validation

Minn, Gupta et al., Nature, 2005
Mguyen et al., Cell, 2000
Bos et al, Mature, 2009
Vianharanta et al., Mat. Medicine, 2013
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MMTV-ERBB2 brain metastasis model (immunocompetent)

Serpins promote cancer cell survival and vascular co-option in brain metastasis.
Valiente M, Obenauf AC, et al., Cell, 2014



Die Metastasierungskaskade

Pre-colonization Colonization phase

Dissemination
single cells or clusters
coated with platelets

Primary tumor Arrest and extravasation

Invades into periphery in distant organs
Activates the stroma size/adhesion
Induces neo-angiogenesis distinct vascular barriers

Massague & Obenauf, Nature, 2016



Die Metastasierungskaskade
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Therapie-Optionen
fur Patienten
mit metastasierten Tumoren



Zielgerichtete Therapien richten sich gegen spezifische Veranderungen in den Krebszellen

Age Inflammation Carcinogens




Tumore zeichnen sich durch komplexe genetische Veranderungen und viele Mutationen aus

Somatic mutation prevalence
(number mutations per megabase)
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Catalogue of somatic mutations in cancer

Analyzed samples:
Coding mutations:

1,343,214
5,366,273
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Zielgerichtete Therapien richten sich gegen spezifische Veranderungen in den Krebszellen
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1. Direkte Inhibierung eines Onkogens nhibierung
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2. Synthetische Lethalitat
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Eine Erfolgsgeschichte: Zielgerichtete Therapie in Chronisch myeloider Leukemie

Chronic myeloid leukemia (CML) 10
“~— 92% TK| (BCR/ABL inhibitors)
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Zielgerichtete Therapie beim Melanom: neue Herausforderungen fiir die Zukunft

38 year-old patient with Vemurafenib (PLX4032) Vemurafenib (PLX4032)
melanoma (BRAFV600E) 15 weeks 23 weeks

Wagle et al., J Clin Oncol. (2011)
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Herausforderungen: Tumore sind komplexe Gewebe

Tumor heterogeneity

Drug responsive Drug resistant
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Herausforderungen: Tumore sind komplexe Gewebe

Tumor heterogeneity

Cellular crosstalk

Drug responsive Drug resistant

l )
‘ Clone A ‘CloneB .CIoneC .

Clone D




Herausforderungen: Tumore sind komplexe Gewebe
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Herausforderungen: Tumore sind komplexe Gewebe

Tumor heterogeneity

Cellular crosstalk

Vasculature

Immune/stromal cells

Immunonkologie:
Ein Paradigmenshift



Unser Immunsystem: beschutzt uns gegen Bakterien, Viren, Wuermer,.... und Krebs

Our immune system:

* |s specific

* |s adaptable

* Has immunological memory
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Paul Ehrlich erkannte bereits frih die Signifikanz des Immunsystems

In the 19" century Paul Ehrlich proposed

* The concept of immune surveillance
(immune system constantly eradicates malignant cells)

* That we may use the immune system to fight cancer




William Coley - Chirurg am Memorial Sloan Kettering in NY

| it = N |
; ; = sl ~ ST |
e === 3 :: ) WARD S \ o : i
s / ‘L‘ ISLAND ' 93 E B H
B j 5 =31l 4 W X ive !
! : * E N z
) ! 3 2\ : s s ‘St n n!=§z
7 = I 3 = - } / ie2
i < = ; | R ¢ E R 3
S # i E :’y‘ A g B |
e ¥ f ANCEE Z
b -3 ] g “
iy - OB L~ EH |
= =4 e !
s o H il
BErEERe . %
M 1
z o ) . ]
_|o3pan mn! l | oo
o Sl BTV |
o nE=a - AEE 1
EhEe T | P i
wgg ris =t B BB
‘Q s P R wamm ;
{ e S EE
sl i o
At HIFAELD A
f 23] M B (™ N %Eﬂf' £
Pl g Mo
| = T R e b=t - |
‘ = il | iR
—] dak ]'l'. L
. : 2 /00 Loy
= 2554 /EEE
i Y o BEE
j |
i i ve*
i I :
(I I3
i e I




William Coley heilte Krebs mit der Injektion von toten Bakterien

DIE GEBURT DER KREBS-IMMUNOTHERAPIE

Patient with rapid response Patient responded after 63 injections

Cancer Research Institute/Proceedings of the Royal Society of Medicine 01/1910/3 (Surg Sect): 1-48



Krebszellen legen T-Zellen schlafend, Immuntherapy weckt sie wieder auf

T-cell

Neo-antigens

\\ \f Immunotherapy
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Ergebnisse nach Immuntherapie

Day 263 (26)

_Day1(

These are not isolated patient cases any more:

A large fraction of melanoma patients responds and the responses are durable.

Wolchok et al., NEJM, 2017; Tsao et al, Scientific Reports, 2015



Immuntherapien werden in der Klinik fir verschiedene Tumortypen verwendet

As of 2017,
immunotherapies
were FDA approved
for certain patients with:

Hodgkin lymphoma

Kidney cancer

Bladder cancer

Melanoma

American Association for Cancer Research (AACR)

Head and
neck cancer

Solid tumors that
are MSI-high or
MMR-deficien

Colorectal cancer

Merkel cell
carcinoma

Challenges remain:

About half of patients from these
(in principal responsive) cancer
types do not respond

In many cancer types
immunotherapies are ineffective



Erweiterung des Repertoires von immunmodulierenden Therapien

T-cell

Additional targets
in immune cells

Neo-antigens

\“\ \/r, Immunotherapy
N\

Crosstalk via

secreted factors ]
Cancer cell Other immune cells

Tumor specific (oncogenic) pathways
instructing the immune microenvironment



Ziel: Mittels Kombinationstherapien die Uberlebenskurven verschieben

survival (%)

time (months)
Chemotherapy: cytotoxic, systemic inhibition of proliferating cells
Targeted therapy: inhibition of specific oncogenic signaling pathways, lack of durable responses
unleashing immune system to fight cancer, durable but only in fraction of patients

Combination therapy: the future of cancer treatment
Adapted from Sharma and Allison, Cell, 2015



Woran wir arbeiten:

Tumor heterogeneity

Cellular crosstalk
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Cellular processes are tightly regulated

Multiple layers of regulation and control mechanisms ensure
cells function properly or are eliminated (e.g via programmed cell death).

Cell type specific pathways activated
so cells fulfill their functions.

/




Cellular processes are de-regulated during cancer development

Age Inflammation Carcinogens
NV

Genetic & aberrations




Cellular processes are de-regulated during cancer development

Age Inflammation Carcinogens

Diese Kontrollmechanismen funktionieren exzellent... ‘
...aber wir haben ca. 30 Billionen Zellen in unserem Korper



1in 2 men
1in 3 women

will develop cancer.




Leading cause of death

B Cardiovascular

B Cancer

Townsend et al., Eur Heart J (2016)



Surgical resection of the primary tumor can be curative if the tumor has not yet spread

Surgical resection

. ®  Cancer cells leave the primary tumor early
- and survive in a dormant state.



Metastasis is responsible for more than 90% of cancer related deaths
and requires systemic therapy

B Distant

® Localized = Regional
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Seer cancer statistics, 2016



Metastasis is responsible for more than 90% of cancer related deaths
and requires systemic therapy

IMPORTANT CLINICAL PROBLEM

FASCINATING BIOLOGICAL PROCESS




Clinical presentation of metastasis varies dramatically

Time to overt metastasis after diagnosis
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Obenauf A et al, Trends in Cancer, 2015



Even within the same cancer type metastatic patterns are present

Frequency of Site-Specific Metastasis Among Patients Who Developed Distant Disease

)
Distant Pleural/
Biain | Liver Lung Bone Nodal Peritoneal
No. of
Subtype Patients NoJ % |[No. % No. % No. % No. % No. %
Luminal A 458 35 |7.6 |131 28.6 109 23.8 305 66.6 73 15.9 129 28.2
Luminal B 378 41 |10.8|121 32.0 115 30.4 270 71.4 88 23.3 133 35.2
HER2 positive, ER/PR 117 18 |15.4|52 44.443 36.876 65.026 222 40 34.2
positive
HER2 positive, ER/PR 136 39 |28.7|162 45.6 64 47.1 81 59.6 34 25.0 43 31.6
negative
Basal-like 159 40 |25.2|34 21.4 68 42.862 39.063 39.6 47 20.6
TN nonbasal 109 24 |22.0|35 32.1 39 35847 43.1 39 358 31 28.4
P <loo1 | <.001 <.001 <.001 <.001 .3214




Even within the same cancer type metastatic patterns are present

Frequency of Site-Specific Metastasis Among Patients Who Developed Distant Disease

)
Distant Pleural/
Brain Liver Lung Bo¢ne Nodal Peritoneal
No. of
Subtype Patients No. % No. % No. % NoJ % |No. % No. %
Luminal A 458 35 7.6 131 28.6 109 23.8 305|66.6|73 15.9 129 28.2
Luminal B 378 41 10.8 121 32.0 115 30.4 270|71.4|88 23.3 133 35.2
HER2 positive, ER/PR 117 18 15.4 52 44.443 36.876 |65.0126 22.2 40 34.2
positive
HER2 positive, ER/PR 136 39 28.7 62 45.6 64 47.1 81 |59.6|/34 25.0 43 31.6
negative
Basal-like 159 40 25.2 34 21.4 68 42.8 62 |39.0/63 39.6 47 20.6
TN nonbasal 109 24 22.035 32.1 39 35847 |43.1|39 358 31 28.4
P <.001 <.001 <.001 <Joo1 <.001 .3214
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Experimental metastasis models

e Heterogeneous |

\ tumors

)l !

Clnica iched T ) @93
transcriptional

datasets
programs
Functional validation
Minn, Gupta et al., Nature, 2005 ,
Mguyen et al., Cell, 2000 .
Bos et al. Nature, 2009 A :
Vianharanta et al.. Mat. Medicine, 2013 Brain Lung Bone

MMTV-ERBB2 brain metastasis model (immunocompetent)

Serpins promote cancer cell survival and vascular co-option in brain metastasis.
Valiente M, Obenauf AC, et al., Cell, 2014



The metastatic cascade

Pre-colonization Colonization phase

Dissemination
single cells or clusters
coated with platelets

Primary tumor Arrest and extravasation

Invades into periphery in distant organs
Activates the stroma size/adhesion
Induces neo-angiogenesis distinct vascular barriers

Massague & Obenauf, Nature, 2016



The metastatic cascade

Systemic

signals Pre-metastatic
(LOX, VEGF, PIGF) niche
Bone-marrow-derived cells

{Neutrophils
Mobilized e W/ Organ-resident cells

cancer cell AN

Arrest &
Extravasatio

ﬂ Perivascular
1) Blood vessel niche L1CAM Pre-existing

Extracellular matrix Endothelium  etastatic
ing

-

AN microenvironment
o & ©
Y % TGF—B/ m
- (g ° ®
o %)
o ® £ £ ®
Massive " TNC, POSTN lic treatment
cell death Mye|0|d cells WNT’ PLOD2 t CXCL12,
Fibroblasts CXCR4 WNT, BMP
Ad hoc Native stem-cell
niche niche

Massague & Obenauf, Nature, 2016



Zielgerichtete Therapien richten sich gegen spezifische Veranderungen in den Krebszellen

Age Inflammation Carcinogens

Diese Kontrollmechanismen funktionieren exzellent... ‘
...aber wir haben ca. 30 Billionen Zellen in unserem Korper



Tumore zeichnen sich durch komplexe genetische Veranderungen und viele Mutationen aus

Somatic mutation prevalence
(number mutations per megabase)
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Catalogue of somatic mutations in cancer

Analyzed samples:
Coding mutations:

1,343,214
5,366,273
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Alexandrov et al., Nature (2013)



Zielgerichtete Therapien richten sich gegen spezifische Veranderungen in den Krebszellen

Pu(xcuSMARBmE PPPIRS “H,':!Aﬁ “A’“'i‘3"pm "
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CYLD
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o ROSH Ps& A'Fﬁ% EP300 PTEN MSHBML& _&Mﬁzﬁ%ﬁ&ﬁn

IIATRRZ o 2 = KIT pas
PTCHTos BREBBPtBKNzA JHLKRAS MTORE NFELLS

CDH1 swoPPP2R1A GLI3 eNA11 ADAMTSLS NOTCHT ABLI

Cancer driver genes total: 572
Driver mutations per patient: 5-35



Eine Erfolgsgeschichte: Zielgerichtete Therapie in Chronisch myeloider Leukemie

Chronic myeloid leukemia (CML) 10
“~— 92% TK| (BCR/ABL inhibitors)
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Years Mughal et al. Haoematologica (2015)



Zielgerichtete Therapie beim Melanom

38 year-old patient with
melanoma (BRAFV600E)

Wagle et al., J Clin Oncol. (2011)

proression-free sruvival (%)
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Vemurafenib (PLX4032)

15 weeks

— Vemurafenib (337 patients)

— Dacarbazine (338 patients)

001 2 3
months

Vemurafenib (PLX4032)
23 weeks

McArthur et al., Lancet (2014)



Additional layers of complexity for the design of rational therapeutic combinations
—tumors are complex tissues

Tumor heterogeneity

Drug responsive Drug resistant
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Additional layers of complexity for the design of rational therapeutic combinations
—tumors are complex tissues

Tumor heterogeneity

Cellular crosstalk

Drug responsive Drug resistant
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Additional layers of complexity for the design of rational therapeutic combinations
—tumors are complex tissues
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Additional layers of complexity for the design of rational therapeutic combinations
—tumors are complex tissues
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Immune/stromal cells
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Our immune system: protection against bacteria, viruses, worms, and cancer

Our immune system:

* |s specific

* |s adaptable

* Has immunological memory

Viruses Bacteria Tumor cell Healthy cell



Paul Ehrlich — a visionary physician and scientist

In the 19" century Paul Ehrlich proposed

* The concept of immune surveillance
(immune system constantly eradicates malignant cells)

* That we may use the immune system to fight cancer




William Coley — cures cancer with injections of dead bacteria

Patient with rapid response Patient responded after 63 injections

Cancer Research Institute/Proceedings of the Royal Society of Medicine 01/1910/3 (Surg Sect): 1-48



Cancer cells put T-cells to sleep, immunotherapy can wake them up again

T-cell

Neo-antigens

\\ \f Immunotherapy
4

S

Crosstalk via

secreted factors ]
Cancer cell Other immune cells



Patient responding to immunotherapy

Day 263 (26)

_Day1(

These are not isolated patient cases any more:

A large fraction of melanoma patients responds and the responses are durable.

Wolchok et al., NEJM, 2017; Tsao et al, Scientific Reports, 2015



Immunotherapies are used in the clinic for several cancer types

As of 2017,
immunotherapies
were FDA approved
for certain patients with:

Hodgkin lymphoma

Kidney cancer

Bladder cancer

Melanoma

American Association for Cancer Research (AACR)

Head and
neck cancer

Solid tumors that
are MSI-high or
MMR-deficien

Colorectal cancer

Merkel cell
carcinoma

Challenges remain:

About half of patients from these
(in principal responsive) cancer
types do not respond

In many cancer types
immunotherapies are ineffective



Expanding the repertoire of immune-modulating agents

T-cell

Additional targets
in immune cells

Neo-antigens

\“\ \/r, Immunotherapy
N\

Crosstalk via

secreted factors ]
Cancer cell Other immune cells

Tumor specific (oncogenic) pathways
instructing the immune microenvironment



Bending the Kaplan-Meier survival curve

survival (%)

time (months)
Chemotherapy: cytotoxic, systemic inhibition of proliferating cells
Targeted therapy: inhibition of specific oncogenic signaling pathways, lack of durable responses
unleashing immune system to fight cancer, durable but only in fraction of patients

Combination therapy: the future of cancer treatment
Adapted from Sharma and Allison, Cell, 2015



