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Molecular subtypes of breast cancer
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Based on the carcinoma cells — additional complexity by host factors
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“Host factors” in cancer
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Host factor immune system

Microenvironmental Regulation of Tumor Growth & Metastasis
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ydJmmunsystem® und Krebs:

* Virchow 1863: Gegenwart von Leukozyten im Tumor und

mogliche Verbindung zwischen Entziindung und Krebs
* Dvorak NEJM 1986: ,Tumors: wounds that do not heal.”

e Zahlreiche Daten die ein fordernden Einfluss von Entziindung

und Immunzellen auf Fortschreiten der Krebserkrankung

 Auf der anderen Seite hemmende Einfllisse des

Immunsystems auf die Tumorentwicklung und Progression
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Roles of Different Subtypes of Immune and Inflammatory Cells in Antitumor Immunity
and Tumor-Promoting Inflammation

Cell Types

Anti-Tumor

Tumor-Promoting

Macrophages,
dendritic cells,
myeloid-derived
suppressor cells

Antigen presentation; production of cytokines (IL-12
and type | IFN)

Immunosuppression; production of cytokines,
chemokines, proteases, growth factors, and
angiogenic factors

Mast cells Production of cytokines
. e . ) Production of cytokines and antibodies;
B cells Production of tumor-specific antibodies? . Y . .
activation of mast cells; immunosuppression
Direct lysis of cancer cells; production of cytotoxic . .
CD8* T cells Y P Y Production of cytokines?

cytokines

CD4* Th2 cells

Education of macrophages; production of
cytokines; B cell activation

CD4* Th1 cells

Help to cytotoxic T lymphocytes (CTLs) in tumor
rejection; production of cytokines (IFNy)

Production of cytokines

CD4* Th17 cells

Activation of CTLs

Production of cytokines

CD4* Treg cells

Suppression of inflammation (cytokines and other
suppressive mechanisms)

Immunosuppression; production of cytokines

Natural killer cells

Direct cytotoxicity toward cancer cells; production of
cytotoxic cytokines

Natural killer T cells

Direct cytotoxicity toward cancer cells; production of
cytotoxic cytokines

Neutrophils

Direct cytotoxicity; regulation of CTL responses

Production of cytokines, proteases, and ROS

Grivennikov Sl, Greten FR, Karin M. Cell. 2010 Mar 19;140(6):883-99.
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Kritische Punkte zur Untersuchung der Rolle
von ,Immunzellen” beim Mammakarzinom:

1. Mammakarzinom als heterogene Erkrankung -

Hat der molekulare Subtyp einen Einfluss?
2. Welche Zellen des Immunsystems?

3. Definition von ,Inflammation”, ,Immunantwort”,
yimmunzellen®, ,Lymphozyten®,

,nflammatorisches Infiltrat” ?
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Prognostische Rolle von Tumor-infiltrierenden-
Lymphozyten (TIL) beim Mammakarzinom:

Frihe histologische Studien deuteten auf einen positiven Einfluss von Immunzell-

Infiltration bei jungen Brustkrebspatientinnen hin (Menard et al. 1997)

Bereits die ersten Microarray-Analysen (Perou et al. 2000) identifizierten

Expressions-Signaturen von Tumor-infiltrierenden Lymphozyten (TIL)

Zwischen 2007-2011 zeigten eine Reihe groRerer Microarray-Studien mit Follow
Up einen positiven prognostischen Wert von TIL hauptsachlich bei ER-negativen

und hoch-proliferativen Tumoren

Nachfolgend (2011-2013) wurden diese Ergebnisse auch durch histologische

Studien validiert
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Prognostic effect of infiltrating lymphocytes in breast cancer:
gene expression profiling

Citation n= Finding
Teschendorff et al. Genome Biol 8, Prognostic classifier for ER negative BC of 7 genes related to immune
186
R157 (2007). system

Alexe et al. Cancer Res 67, 10669—
10676 (2007).

Finak et al. Nat. Med. 14, 518-527 53 Stromal tissue signature with prognostic value contains a subset of
(2008). immune genes

Desmedt et al. diin. Cancer Res. 14,
5158-5165 (2008).

Schmidt et al. Cancer Res. 68, 5405—
5413 (2008).

Rody et al. Breast Cancer Res 11,

286  Gene cluster enriched in immune genes prognostic in HER2pos BC

2100 Module of STAT1-correlated genes prognostic in ER negative BC

200 B-cell metagene prognosticin high proliferating tumors

1781 7 metagenes identifying distinct immune cells with prognostic value

R15 (2009). in ER negative and HER?2 positive tumors

Staaf et al. J dlin Oncol 28, 1813 “HER2-derived prognostic predictor” (HDPP) enriched in ummune
261 . . . .- :

(2010) genes is prognosticin HER2 positive and ER negative tumors

Bianchini et al. J dlin Oncol 28, 1321 5 metagenes identifying immune and stroma cells. B-cell metagene

4316—4323 (2010). prognostic in ER negative and high proliferation ER positive

Rody et al. Breast Cancer Res 13, 3488 High lymphocyte metagenes and low [L8-metagene as most

R97 (2011). important prognostic factors in TNBC

I(Vz?)?g)lla et al. Genome Biol 14, R34 1954 3 immune metagenes prognostic in high proliferating tumors

Gu-Trantien et al. J lin Invest 123, 70 Analysis of tumor infiltrating CD4+ identifies follicular helper cells in

2873-2892 (2013). TLS as major difference between extensive and minimal infiltration
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Prognostic effect of infiltrating lymphocytes in breast cancer:
histological data

Citation n= Finding
Ménard et al. Clin. Cancer Res. 3,
817-819 (1997).
Bates et al. J. lin. Oncol. 24,

1919  Lymphocyte infiltration positive prognostic value in patients <40 years

5373-5380 (2006). 237 FOXP3+ Treg poor prognosis in ER positive
Hehmous o o ouns o a1
?e?shge?;:;;?g;?i%%ﬂ&zcgfﬁér 1445 FOXP3+ Treg no independent prognostic value
?:_';?régfltf" Cancer Discovl, | oy CD68//CD41/CD8Y, = poor prognosis
g;?';.:_g:: f;zi”'sfgfc;égcé%i%. 1470 B-cells independent prognostic value

IFEI‘Il;B e(tzgll'zirea‘“ Leems b 3403 CD8+ only prognostic in core basal-like group
Iég; ?58;_3')}' Clin. Oncol. 31, 860- 2009 Lymphocyte infiltration only prognostic in TNBC

* Characterization of infiltrating CD4+ (Tfth, Thl, Th2, Th1l7, Tregs).
70  « Major difference extensive vs. minimal infiltration: CXCL13-producing
Tfhin TLS

Gu-Trantien et al. J. dlin. Invest.
123, 2873-2892 (2013).
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1. Bel welchen Subtypen ?

Dept. Gynecology and Obstetrics / Breast Unit /C,E

Goethe-University | 7~
Frankfurt am Main  ( _/O\\




Bei welchem Subtyp finden wir Lymphozyten-Infiltration?
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Hanker et al. 2013, Breast Cancer Res Treat 137:407
=» Grol3e Bedeutung separater Subtyp-spezifischer Analysen!
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Prognostic role — in which subtype?
gene expression profiling

within high proliferating tumors
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Prognostic role — in which subtype?
histological data
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2. Welche Zellen des Immunsystems?
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Messung verschiedener Immunzellen im Tumor
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nach Rody et al. 2009, Breast Cancer Research, 11:R15
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B-Zellen oder T-Zellen ?

Meist simultane Infiltration von B- und T-Zellen,

1.+ B-cell

sowie weiteren Immunzellen:
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Denkert et al. 2010, JCO 28:105

Nur gewisse Verschiebungen im Verhaltinis der verschiedenen
Zelltypen zu beobachten
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Kritische Punkte zur Rolle von TILs:

1. Getrennte Untersuchung der MaCa-Subtypen:
* Vermehrt TILs bei ER negative Tumoren
* GroRRe prognostische Bedeutung bei
hochproliferierenden Tumorsn

2. B-oder T-Zellen?
e Surrogat fur Co-Infiltration
 Uberlegenheit einzelner Marker abhingig von
gewahltem Cutoff und analysiertem Kollektiv
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Klinische Anwendung?

« Hoher prognostischer Wert von TILs hauptsachlich bel
TNBC

« Anwendung fur welche klinische Entscheidung —
Vermeidung von Chemotherapie?

« GroflRenordnung des prognostischen Effekts:
* 5yr-DFS in good prognosis Gruppe nur 80-85% (in
retrospektiven gene expression studies !)
« < 80% beil histologischen Studien
* Nicht ausreichend fur einen Verzicht auf Chemo bel TNBC
 PCR nach NCT sehr viel besserer prognostischer
Parameter.

%
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JOURNAL OF CLINICAL ONCOLOGY ORIGINAL REPORT

Prognostic and Predictive Value of Tumor-Infiltrating
Lymphocytes in a Phase III Randomized Adjuvant Breast
Cancer Trial in Node-Positive Breast Cancer Comparing
the Addition of Docetaxel to Doxorubicin With
Doxorubicin-Based Chemotherapy: BIG 02-98

Sherene Loi, Nicolas Sirtaine, Fanny Piette, Roberto Salgado, Giuseppe Viale, Frangoise Van Eenoo,
Ghizlane Rouas, Prudence Francis, John P.A. Crown, Erika Hitre, Evandro de Azambuja, Emmanuel Quinaux,
Angelo Di Leo, Stefan Michiels, Martine J. Piccart, and Christos Sotiriou

See accompanying editorial doi:10.1200/JC0.2012.47.1698
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Klinische Anwendung?

« BIG 02-98 trial:
92.3% DFS for “lymphocyte-predominant BC" in the TNBC
group after >9yr.

e nur 27 von insgesamt 2009 Patienten in dieser Subgruppe
 Alle Patienten erhielten Chemo
* TILs sind ein pradiktiver Faktor fur Chemo-Response

« Die Anwendung zuklnftiger standardisierter TIL assays wird
nicht in der Entscheidung +/- Chemo liegen
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adiktive Rolle von TIL

VOLUME 28 - NUMBER 1 - JANUARY 1 2010

JOURNAL OF CLINICAL ONCOLOGY ORIGINAL REPORT

Tumor-Associated Lymphocytes As an Independent
Predictor of Response to Neoadjuvant Chemotherapy in

Breast Cancer

Carsten Denkert, Sibylle Loibl, Aurelia Noske, Marc Roller, Berit Maria Miiller, Martina Komor, Jan Budczies,
Silvia Darb-Esfahani, Ralf Kronenwett, Claus Hanusch, Christian von Térne, Wilko Weichert, Knut Engels,
Christine Solbach, Iris Schrader, Manfred Dietel, and Gunter von Minckwitz
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E2F3 065 02110197 4.5E-01 B8.4E-01 RAS 181  064to5 2.6E-01 4.4E-01
BetaCatenin 1.68 0.68104.35 2.7E-01 6.5E-01 MAPK 0.86 0.32t02.16 7.5E-01 8.5E-01
: —— PTEN 306 1110894 35E-02 1.2E-01 —
025 1 51020 AKTMTOR 1.78 0.66105.02 2.6E-01 4.4E-01
, PIK3CA 0.84 03810183 6.6E-01 8.0E-01
Odds Ratio IGF1 178 0.65t04.96 2.6E-01 4.4E-01
SRC 0.63 0.23t01.63 35E-01 5.4E-01
MYC 1.07 0.41t0273 89E-01 9.1E-01
E2F3 256 1.1410597 2.5E-02 1.1E-01 —
BetaCatenin 0.43 0.17t01.09 7.5E-02 2.1E-01
T

0.25 1 5 1020
Odds Ratio

Ignatiadis M, et al. J Clin Oncol. 2012 Apr 16.
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3. Definition von , Inflammation ?

e ,Tumor promotion” durch Inflammation ?

e ,lymphozytare Infiltration” = ,,inflammatorische Infiltration”?

=, Inflammation”?

e Beispiel eines umfangreichen TNBC-Kollektivs

(Rody et al. SABCS 2010, 2011, Rody et al. Breast Cancer Research 2011, 13:R97, Karn et al. EurJ
Cancer 2012, 48:12, Karn et al. PLoS ONE 2011, 6:e28403. )

Dept. Gynecology and Obstetrics / Breast Unit /Fj

Goethe-University NS
Frankfurt am Main  ( _/O\\




Analyse eines reinen TNBC-Kollektivs

Finding cojh&t(n:394) Validation ccj)tlort (n=185)
" _ —.. N 1. Identifizierung
- }IIIIII UM LS | | E! ne
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2. Korrelation mit
klinischen Daten

Stroma

und Outcome

IFN

355 Affymetrix probesets
representing 16 metagenes
A

. ! : a2 : : Lymphocytes
Ymol.apocrine - Y IL-8

claudin-low basal-like (BLBC)
Non-BLBC

Lymphozytare Infiltration (B-Cell + T-Cell Metagene) — bessere Prognose
Inflammatorisches “IL-8-Metagen” — schlechtere Prognose

Rody et al. 2011, Breast Cancer Research, 13:R97 / Karn et al. 2011, PLoS One, 6:€28403
Karn et al. 2012, Eur J Cancer, 48:12 / Hanker et al. 2013 Breast Cancer Res Treat, 137:407
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Univariate Cox Regression von Metagenen als kontinuierliche Parameter

Metagene B SE Wald statistic P-Value
IL-8 103.1 27.6 13.91 <0.001
Histone 106.1 34.9 9.25 0.002
VEGF 94.5 35.9 6.92 0.009
[ B-Cell -44.7 ] 19.4 5.30 0.021
T-Cell -80.1 36.0 4.96 0.026
Proliferation 37.3 45.6 0.67 0.414
Basal-like 15.7 29.7 0.28 0.597
Claudin-CD24 16.8 32.8 0.26 0.609
Molec.Apocrine 10.7 26.4 0.17 0.684
Adipocyte -24.2 22.0 1.21 0.272
Stroma 74.4 41.8 3.17 0.075
IFN -13.1 35.7 0.14 0.713
MHC-1 -90.5 47.3 3.66 0.056
MHC-2 -61.0 33.2 3.37 0.066
Hemoglobin 16.0 24.7 0.42 0.518
HOXA -35.3 36.9 0.91 0.340

Rody et al. 2011, Breast Cancer Research, 13:R97
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Combined B-cell/IL-8 signature in TNBC

Discovery Cohort A Validation Cohort B Validation Cohort C
A B Good C
. Good
Good B-Cellhigh/IL-8 low (n=4) B-Cell high/IL-8 low (n=31)
10 B-Cell high/IL-8 low (n=95) 1 ¢- 10
S o8- L S o08; II.I-l_"l_I T 081
c a c
= =] =
$ 0.6 - $ 0.6 - Poor $ 0.6 -
2 Poor 2 remaining samples (n=26) o Poor
E 0.4 remaining samples (n=202) E 0.4 1 E 0.4 - remaining samples (n=44)
" o2 o2 "oz
0.0- P<0.0001 00- P=0.3 004 P=0.003
0 40 80 120 0 40 80 120 [I} | 2IO | 40 \ 66
months months months

Multivariate Analysis:
Discovery cohort A: HR 0.38 (95% Cl 0.22-0.67); P=0.001
Validation cohort C: HR 0.21 (95% CI 0.07-0.62); P=0.005

Rody et al. 2011, Breast Cancer Research, 13:R97
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Komplexitat des Immunzell-Infiltrats

DeNardo et al. 2011, Cancer Discovery 1, 54, “Leukocyte
Complexity Predicts Breast Cancer Survival and Functionally
Regulates Response to Chemotherapy”:

 Sowohl Makrophagen als auch T-Zellen sind prognostisch
relevant

e (Cave: Gemischte Kohorten unterschiedlicher Subtypen!)

= g Cohort | D E Cohort Il
E 1.04 CD4L°C068L°CDSHi .E 1.0 - L CD4LoCDGBLoCD8Hi
S = "
»n 0.8 T — 0.8 -
: o ‘ 2 ol N cD4] cD68 | CD81 = Good
¥ .4 CD4¥iCDe8HICDgLe s =
g © | cpaficpesticpgte CD4I CD68' cpsl =P
o 0.2 o 0.2 - roor
§ 0.0 | , _P=0.008 § 0.0 { ___P<0.001
@ 0 20 40 60 © 0 50 100 150 200 250
e Time (months) x
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Karzinomzellen als Ursprung der IL8-Expression:

CD20
(B cells) CD6S
(Macroph.)
IL-8
IL-8
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Lasst sich die Komplexitat des Immunzell-
Infiltrates weiter aufklaren ?

Gu-Trantien et al. 2013, J Clin Invest 123, 2873, “CD4* follicular
helper T cell infiltration predicts breast cancer survival”:

* Profiling frisch isolierter CD4+ Zellen aus Tumor, Lymphknoten
und peripharem Blut

* Tumoren mit ausgepragter Infiltration sind weniger
“immunosuppressive” und besitzen Germinal-Center-artige
“tertiary  lymphoid  structures” (TLS) mit  CXCL13-
produzierenden CD4+ follikularen Helfer-T-Zellen (Tth)

* diese Tfh Infiltrate kdnnte zur Bildung eines Ortes beitragen, in
dem eine effektive und dauerhafte Anti-Tumor Immunantwort
generiert wird.
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Tertiary Lymphoid Structures (TLS) in BC

Tumor bed P TLS A Germinal center (GC)
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Host factor immune system

Microenvironmental Regulation of Tumor Growth & Metastasis

Perforin-/Granzyme-mediated
Tumor Cell Death<—_ Tumor/Stromal Cell

(08" T Cells— 0 @

TUMOR-DERIVED CHEMOKINES/CYTOKINES RECRUIT IMMUNE
EFFECTOR CELLS THAT MAY PROMOTE TUMOR GROWTH

MMP-2, MMP-9,
Other Proteases \

7
< A ECM Degradation

Cell
MHCI %

\ ) //Invad'anumov(en e SISOHE Lymph Node
Tumor-derived ‘3((06} ulate
Endothelial Cell -
Proliferation & Migration T o
N @
/ MuPs.
Small
Intestine

Endothelial Cell

Lung or Lymph Node
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Lasst sich die Komplexitat des Immunzell-
Infiltrates weiter aufklaren ?

Gianni et al. 2012, Cancer Res 72(24 S), S6,

“Adaptive immune system and immune checkpoints are
associated with response to pertuzumab (P) and
trastuzumab (H) in the NeoSphere study ”:

* Analyse von Immun-Metagenen und Einzelmarkern,
die mit Immun-Checkpoints assoziiert sind (PD1, PD-
L1, PD-L2, CTLA4, IFNG)

e Demaskierung versteckter Beziehungen durch
multivariate Analysen
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Genes associated with immune checkpoints and
target of therapies

Innate immune resistance

Q\MHC Peptide r
“inl . o A

Tumour cell

= / X
2 W PL < b

Constitutive oncogenic
signalling induces PDL1
expression on tumour cells

T cell-induced
PDL1 upregulation

\ [CTA%to |
cell surface|

Intracellular
vesicle

* PD1/PDL1 involved in
regulation of effector T cell
activity within tumors

* |IFNy key immune regulatory
gene also involved in PDL1
expression

* CTLA4 predominantly involved
in regulating T cell activation

Valid targets of therapy
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Multivariate analysis with THP therapy

e Asignificant interaction was present between the ER status and IFNy, PDL1 and
CTLA4 (p=0.0003, p=0.025 and p=0.009 for the interaction term, respectively)

ER neg ER pos
OR (CI 95%) p OR (Cl 95%) p

== PDL1 0.07 (0.01-0.60)  0.016
=) IFNY 9.63 (2.28-40.7) 0.002 0.11 (0.02-0.68) 0.018
mmp CTLAS 0.03 (0.01-0.39) 0.007

CD8A 5.97 (0.96-36.9) 0.055

Age (continuous) 1.05 (0.96-1.15) 0.26 0.88 (0.78-0.98) 0.025

LABC (vs non LABC) 1.61 (0.25-10.5) 0.616 NA

IBC (vs non LABC) 5.58 (0.33-93.7) 0.232 NA

cN1 (vs cNO) 0.82 (0.09-7.61) 0.861 0.36 (0.04-2.96) 0.346

PgR pos (vs neQ) 0.11 (0.01-3.13) 0.199 0.09 (0.01-0.82) 0.033

Luca Gianni, SABCS 2012
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Hallmarks of Cancer: The Next Generation (2011)

Deregulating cellular
energetics

Genome instability
and mutation

/ /_{ Emerging Hallmarks

< destruction

Avoiding immune

Tumor-promoting
Inflammation

\ K%Enabling Characteristics

Hanahan and Weinberg 2011, Cell 144(5): 646
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Zusammenfassung

* Die Komplexitat des Immunsystems: Sowoh
promoting” wie auch “anti-tumor” Effekte

| “tumor

e Kritische Bedeutung Subtyp-spezifischer Analysen

e Bezlglich des prognostischen Wertes momentan keine
klinische Anwendbarkeit

* Praktive Bedeutung fir das Ansprechen auf Chemo vor
allem bei ER negativen

 Weitere Aufklarung der Zusammensetzung des
Immunzell-Infiltrats, der Aktivierungszustande der
Lymphozyten-Populationen und des Einflusses von
Cytokinen wie IL-8
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