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Immunotherapy in Breast Cancer
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Completed, ongoing and planned trials of
immunotherapies in patients with breast cancer

[] Adjuvant [] Metastatid [l] Neoadjuvant

253 trials
As of 14 April 2023 (ClinicalTrials.gov)
|| | ||| [
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CONFERENCIA BRASILI

~ L ACOG ECAM ............. 9. Instituto Frojoto
c‘ kI|CER DE IUIAIUIA REALIZAGAO . b ........ ENC RE (455’*&&”%&%”{% AAAAA cura.

AMERICANCOOPERATVE  cpupo apasiLerRo
LACOG - GBECAM 2024 e DT

Bianchini G ESMO Breast 2023 Marlanl M (submitted manuscrlpt under-review)



ICI monotherapy in (poorly selected) breast cancer
patients is active, but it is not effective
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Time (months)

Primary Secondary Sensitive
(intrinsic) (acquired) (long-term
resistance resistance benefit)

60-85% 15-35% 1-10%
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Immunotherapy in advanced TNBC
(only for “PD-L1” positive tumors)

ESMO guidelines

Advanced TNBC (1%t line)
(only for “PD-L1” positive patients)

KEYNOTE 355 IMpassion130
(CPS210, 22C3 Dako) (IC21, SP142 Ventana)

A Overall Survival in the CPS-10 Subgroup
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Breast cancer is an ecosystem resulting from the
co-evolution of cancer-cell and the tumor microenvironment

Cancer cell-intrinsic features
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Cancer cell-extrinsic features (TME)

Immune composition

* Stromal TILs
* CD8' Tcells

¢ Interferon signalling
* CXCL9-CXCL13

PD-L1in * CD8" tissue- signalling
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Implication of tumor/immune co-evolution

’ 5 Imn.\ > escape

25 .
Breast Metastatic Fom . Atezolizumab (uselected)
primary ——> (first e d (Neavi 15
tumour recurrence) ctreate 10
24% 6%
T Antigen L Antigen . .
presentation Cancer cell- presentation 1% Line . 22 Line .
L Tumour clonality ~ intrinsic T Tumour clonality PCD4989g trial PCD4989g trial
L Intratumour features T Intratumour 25 Fembrolizumab (PD-L1+, CPS21)
heterogeneity heterogeneity 20
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Neoadjuvant immunotherapy in TNBC:
transformative

Early high-risk TNBC
(unselected patients)

KEYNOTE 522 (e
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Neoadjuvant vs adjuvant chemotherapy:
different approaches with similar results

Same chemotherapy

TNBC Same chance to be cured
N+ (any T) ) .
Ad t EBCTCG Meta-analysis
[ - ]

Surgery S——————

\
Neoadjuvant
chemotherapy °

Recommended by all guidelines

Allcause mortality (%)

ime since trial entry (years)

CONFERENCIA BRASILEIRA DE

LACOG U—\\ AAAAAAAAAA IVE OF () Instituto Projeto
\I I‘ \ GBECAM =or
G - GBECAM 2024 reasiEnene o ICAN COOPERATIVE = orriciac ENC.+RE ‘zxs & apoio
e A SOOPERATE GRUPO BRASILEIRO uEoIeAL EBTEATION SYMPO:
'ONCOLOGY GROUP |
: - - o O T A Py

Asselain B The Lancet Oncology 2018 Early Breast Cancer Trialists' Collaborative Group (EBCTCG)



Neoadjuvant immunotherapy:
different therapies with different results

TNBC
?5,%”%5 ) Adjuvant DETRIMENTAL
chemotherapy
@ /
O

Different therapies
N Different chance to be cured

Neoadjuvant
immuno/chemotherapy

Neoadjuvant approach become mandatory
(unless immunotherapy is not indicated or recommended)
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Neoadjuvant vs adjuvant immunotherapy
| § KEYNOTE 522

| Neoadjuvant immunotherapy
! 7 7 Eradicatiar! or
Suboptimal immune immune equilibrium
Immune priming
T e E—
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Neoadjuvant vs adjuvant immunotherapy
in advanced melanoma

| Neoadjuvant immunotherapy | '

Micrometastasis o Eradication or
Suhontimal immune immune equilibrium

200,

Immune &
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ORIGINAL ARTICLE ]

Neoadjuvant—Adjuvant or Adjuvant-Only
— Y Pembrolizumab in Advanced Melanoma
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Immunotherapy in Breast Cancer
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Landscape of anti-PD-1/anti-PD-L1 combination
strategies IN TNBC

CONFERENCIA BRASIL

Radiotherapy and cryoablation

Stereotactic Ablative Body Radiosurgery
Brain radiotherapy or Stereotactic

IORT

Cryoablation

Microwave ablation

High intensity focused ulirasound

Antiangiogenetic
Bevacizumab

Lenvatinip

Apatinib

Cabozantinib

Anlotiniby

Ab anti-VEGFR-2
Surufatinip

Molecular targettherapies
MEK inhibitors

AKT inhibitors

Histone deacetylase inhibitor
Hypomethylating agent

JAK inhibitor

AXL kinase inhibitor

Antiprogestin

Selective Androgen Receptor Modulator
Androgen receptor inhibitor
Multi-TKls

MET-inhibitor

PLK4 inhibitor

Proto Pump Inhibitor (PP
Proteasome inhibitor

CDK inhibitors (palbociclib, dinaciclib)
PI3K inhibitors

Angiotensin |l receptor blocker

Anti EGFR

BET inhibitor

ATR Kinase inhibitor
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Immunotherapies
Intra-lesional GM-CSF and imiguimod
Tavokinogene telseplasmid
Talimogene laherparepvec (T-VEC)
Adenoviral-mediated IL-12
Intratumorally Injected Autologous DC

( Local therapy )

(Fasting-like approach)

(Targeted therapy)M

PARP inhibitors
Olaparib

Talazoparib

Veliparip

Fluzoparib

Niraparib

Antibody drug conjugates
Sacituzumab govitecan
Ladiratuzumab vedotin

Trastuzumab deruxecan
Datopotamab demuxtecan

Anti-CD166 (Probody drug conjugate)
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@ntiangiogenetic)e—ﬁ, Anti-PD-
Anti-PD-L1
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Immunotherapy)

T-celltargeted
immunomodulator
Anti-CTLA4

Anti-LAG3

Anti-TIGIT

Anti-CD137 agonistic antibody
Anti-OX40 agonistic antibody
Anti-CD40 agonistic antibody

Cancervaccine

Autologous whole cell cancer
Multi-peptide therapeutic cancer
Neoantigen personalized
Genetically engineered whole-cell
Modified Ankara—Bavarian Nordic
Other vaccines

Adoptive T cell therapy

GBECAM

OFFICIAL

Chemotherapy
Paclitaxel

Nab-paclitaxel

Docetaxel

Tesetaxel

Doxorubicin

Epirubicin

Pegylated liposomal doxorubicin
Pegylated liposomal irinotecan
Cyclophosphamide

Cisplatin

Carboplatin

Eribulin mesylate
Capecitabine

Gemcitabine

Fluorouracil

Dacabicine

Immunomodulators
Acetylsalicylic acid

COX2 inhibitor

Recombinant interferon alfa-2b
Activating the TLR-3 receplors
Anti-CD73

AZaR antagonist

CSF-1R inhibitors

Long-acting interleukin-7
Anti-TGFb

L-NMMA (pan-NOS inhibitor)
Oncolytic reovirus

Ab anti-IL-1 beta

Poly-ICLC

Anti-IL-6 receptor

Soluble LAG-3 fusion protein
Recombinat human hematopoietic cytokine
CXCR4 inhibitor
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Neoadjuvant pembrolizumab and nivolumab in grade 3 ER+/HER2-

breast cancers

Surgery 1:2 _ Cardoso F et al ESMO 2023
KEYNOTE-756 Schema Placebo Arm
Investigator's | 510 80 1
- Weekly Paclitaxel x 12 | Adriamycin/Cytoxan (Q2W or Q3W) Choice ET ] N=1278 ]
Do R Invasive Pembrolizumab Q3W Pembro Q3W x 9 5 :Z | %’”1%"1 gpg;
T1c-T2, cN1-cN2 P CREEFS 3 50 1 i’=¢('-60305 : o VS AR
OR ’ 1:1 Randomization P ::_ 40 |
T3-T4, cNO-N2 . : : Investigator's | 1% g 24.3% PD-L1 <1% pCR:
AND Weekly Paclitaxel x 12 | Adriamycin/Cytoxan (Q2W or Q3W) Choice ET 30 1 15.6% —7 29, 2.6%
Grade 3 | Placebo Q3W Placebo Q3W x 9 20 | ) -~ 70 VS £.570
10 Not significant
Some promising results also in HER2-positive breast cancer
c (e.g KATE-2, APTnheo)
| |

T

HR+ HER2- invasive

T -
Nivolumab Q2W or Q3W

breast cancer Nivo Q3W x 9 |
T1c-T2/cN1-cN2 Primary Endpoint

OR 1:1 Randomization pCR

T3-T4, or cNO-cN2

AND Investigator's 5-10y
grade 3 or grade 2 Weekly Paclitaxel x 12 | Adriamycin/Cytoxan (Q2W or Q3W) Choice ET

with ER 1-10% \ Placebo Q2W or Q3W Placebo Q3W x 9

* 22C3 CPS score (75% of cases were positive)

** SP142 (34% of cases were positive)
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APCR 10.5% (4.0-16.9)
0Odds ratiob< 2.05 (1.29-3.27)
P4 = 0.0021

PD-L1** > 1% pCR:
44.3% vs 20.2%

PD-L1 <1% pCR:

24.5% 14.2% vs 10.7%
Not significant

63/257 5

Arm A: Arm B:

PBO + NACT + ET
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Landscape of anti-PD-1/anti-PD-L1 combinations in
HER2-positive and ER+/HER2- Breast Cancer

HER2-positive HR-positive/[HER2-negative

Radiotherapy and cryoablation Immunotheraples

Ablative Body R ¥ lesional GM-CSF and imiquimod - o
Brain radictherapy or Stereotactic [ | .l Ehﬁm?lhempy
Cryoablation 3 Talimogene lahemarepvec (T-VEG) i

Nab-paciitaxel

e Intra-lesional GM-CSF and imiguimod Carboplatin
gzggla'm 1
taxel
Local therag Doxorubicin
cal therapy
ikt 2. A

- Epinubicin
Antiangiogenetic Antlanglogenetlc
Bevacizumab

Pegylated liposomal doxorubicin
Anti-PD-1 AntiPDA ——_ Chemotherapy | E%%D‘:“Em; )
. -
(Targeted therapy )+ NS oty )
T-cell targeted Adoptive T cell therapy
immunomodulator

‘Anti-PD-L1

Molecular target therapies PARP inhibitors
Trastuzumab Niraparib !
Pyt Antibody drug conjugates e LTS TR
e otk Cancer experts debate whether there’s a glut of lmmunolhemp\ trials romewms
Tucatinib Trastzumab deruxdacan vacei Cancer vaccine \menme PG
MEK o OT =S =Y us wi ncer
e Kaiser C Science 2018 (] Sipiiei®an
Histone deacetylase inhibitors pte)

MDM2 antagonist

Multi-TKls

PI3K inhibitors
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The Achilles' heel of immunotherapy and
immunotherapy combinations
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Fatal irAEs

Fatal IrAEs

Fatal IrAEs:
0 7 T ' ]

Cases and fataiyrates rare but real
Hepatitis

Hypophysitis

Neurologic
Adrenal
Myositis
Myocarditis
Hematologic
Nepbhritis
1500 1000 500 0 25 50
Number of irAEs Reported Fatality Rate, %
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Combination trials with PD-1/PD-L1 inhibitors
explosion: do we follow a rationale?

“Too many of the combinations we see in the clinic
are being conducted with noses held or eyes
closed,” says Ira Mellman, vice-president of cancer
immunology at Genentech. “We just don’t know
enough about the basic mechanisms.”

Weitraub K Nature 2017

“Many seem to be tried simply because they are possible to
do or the agents are available”

Kaiser C Science 2018
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Synerigstic effect of ADC - ICIls combination
Enfortunab Vendotin + Pembro (mUC)

100
— 90-
= 4
T ol HR 0.45 (0.38-0.54); p<0.00001
=
g 2 ] 50.7% 43.9%
S 404
2 30
5 2
Qg_’ o) 21.6% ;
o4 11.7%
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
Time (months)
N at risk
EV+P 442 409 361 303 253 204 167 132 102 73 45 33 17 6 3 1

intargetlesionsize (%)

Besichangefrombaseline

Clow
=100 U Lokwenvisseg

Confirmed ORR 79%
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(1] Y,
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34

— Duva + Ciaka DX (N-62)

2263P0-L1CPS 10cusf | LLHLLLLHLLHHLLLLLULLLLLLLLHLLLLLLLLLHLHLLLLLLLLLLLLLLLLLHLHLL

W Progressue drseme

CONFERENCIA BRASILEIRA DE

CANCER DE MAMA

LACOG - GBECAM 2024

W st

[ L M Compien reperse

REALIZAGAO

T T T T T T T T T T T T T T T
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Time from first dose date (months)

Schmid P ESMO 2023

Overall survival (%)

N at risk
EV+P
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100
904
804
70 4
604
50
404
30
20
10 4
04

0 2 4 6 8 10 12 14 16 18 20 22 24 2 28 30 32 34 36 38
Time (months)

442 426 409 394 376 331 270 222 182 141 108 67 36 2 12 8 1 1 1

Powles T ESMO 2023; Powels T NEJM 2023

Sacituzumab Govitecan + Pembro (mUC)

Median (95% Cl): 5.3 (3.4-10.2) months

Best Parcent Changa From Baseline
PFS Probability (%)
&

Patient

Time (months)

Grivas P JCO 2024
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Very strong rationale for ICI/ADCs combinations

®

©o .o =

Priming and activation
(APCs & T cells)

ADC
Priming phase Antibody
Antibody
Cancer ant|gen
cross-presentation ADC
(dendritic cells/APCs)
Free payload

ﬁ

Release of
cancer cell antigens
(cancer cell death)

APC, antigen-presenting cell; CTL, cytotoxic T lymphocyte;
PD-1, programmed cell death-1; PD-L1, programmed death-ligand 1.
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Trafficking of
T cells to tumours (CTLs)

PD-1/PD-L1 pathway is a key mechanism of
immune resistance

Effector phase
®

Infiltration of T cells
Fj into tumours

TUMOUR MICROENVIRONMENT
e e
.. (CTLs, endothelial cells)

Activated Tumour
Tcell cell

ADC
Free payload

Recogmtlon of

-
wj cancer cells by T cells
{4 (CTLs, cancer cells)
Effector phase
o
Killing of cancer cells
(Immune and cancer cells)

Anti-PD1/Anti-PD-L1

2?_;,.8.:.

Anti-PD1/PD-L1 restores anti-tumour T-cell activity
by targeting PD-L1 on tumour cells and
tumour-infiltrating immune cells

Chen DS & Mellman I. Immunity 2013; Bianchini G & Gianni L. Lancet Oncol 2014; Herbst RS, et al. Nature 2014
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What about re-challenge with ICI?

High Risk
TNBC

®

CT + N
° Pembro ) }

[

\

Re-challenge
with ICIs?

(more than 6-12 months) }J\{

e ----- -

S/ VY )\\\
AL

/ =
—

Immune escape associated with angiogenesis, hypoxia and EMT
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Antiangiogenic and ICl in metastatic TNBC

Complete response 13%
Partial response 50%
Stable disease 224w 16%

. FUTURE-C-.F.’ll.JS ATRACTINIB trial
(Camrelizumab, Famitinib and Nab- (Atezolizumab, bevacizumab, paclitaxel)
Paclitaxel) BOR RECIST v1.1

mPFS 11.0 months (95% Cl, 9.0-13.2)
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Emerging combination strategies
IN Immuno-oncology
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Personalised mRNA therapeutic VACCINE

MRNA-4157 vaccine

It is a personalised mRNA

therapeutic created on demand
and encoding up to 34 neoantigens
present in each patient’s tumour
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Distant metastasis-free survival (%)

Number at risk
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pembrolizumab
Pembrolizumab
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Fecal microbiota transplantation

Environmental Influences
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nature medicine

Article https://doi.org/10.1038/541591-023-02453-x
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Unintended and under-recognized

IMMUNE-MODULATORS

T Acetaminophen‘e(,)

Proton pump inhibitors Dietary change
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Urgent need
Precision Immunology
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Urgent need for precision immunology:

tailoring immunotherapy on individual cancer immunogram
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NeoTRIP trial results (NCT02620280), sample collection
and imaging mass cytometry (IMC) assessment

T A +4.64%)
TN high-risk ) Carboplatin + nab-paclitaxel e 0=0.46
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advanced D Carboplatin + nab-paclitaxel + Atezolizumab
AmCT () [ 280 patients )
(Intention-to-treat) t t t °

Surgery

20

pCR rate (%)

- 5 pts (Consent withdrawal)
- 3 pts (Screening failure post-randomization)

- 3 pts (No surgery without PD)

f\rm CTIAt::E (n11w;i>ts)mwa .—1 . Atezo
- ggz gcreenl:lg f[::ure pgst-randomlzaunn] 258 atients Basellne Day 1
et e ’ - (Pre-treatment) ~ Cycle 2 Surgery
" 1t oo (Per-protocol-population) | EFS
100 % 87.7 % o
0 A 7o 88.8% .
S S ckpoint g
p T T -
CT/Atezolizumab ot o b s B
Hae -mm-'m n
pir®  phLe == .
XL £ i ianni
y e ?W e Gianni L ESMO 2023

Carboplatin (AUC2) + nab-paclitaxel (125 mg/m2) weekly for 2 wks every 3; 8 cy; Atezolizumab (1200 mg) day 1 every 3 wks for 8 cycles
('§) Results in the Per-Protocol-Population (Bianchini G ESMO 2020 LBA13, Bianchini ESMO 2021 LBA11)
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Single-cell information with spatial resolution
Cell phenotypes

Epithelial
CK8/18™ CD8"' T Neutrophils
: CK°GATA3" CD8" GZMB* T PD-L1* APCs
o panCK™ CD8" TCF1" T PD-L1" IDO* APCs
o Basal CD8" PD1" T, Endothelial
sl Vimentin* EMT CD4* TCF1* T Fibroblasts
' CD15" CD4*PD1*' T Myofibroblasts
pH2AX" DSB Treg PDPN* Stromal
Apoptosis CD20" B
MHC 1&II" CD79a’ Plasma
PD-L1" IDO* CD56" NK
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TCF1* DCs
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Association between proliferation fraction of
immung cell phenotypes
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High CD8+TCF1+Ki67+ density linked to increased EFS by
atezolizumab/CT combination

Exploratory analysis

CD8+TCF1+Ki67+ low CD8+TCF1+Ki67+ high
05 Aﬂ“q%\ e iy S [ Censored]
08 08 I_l_l'l_._I
z e z |
E 064 g 06| bttt
: :
2 04 % 0.4
a Log-rank p=0.393 @ Log-rank p=0.0317
02 02
0.0 - 0.0+
1 66 49 44 13 0 1 39 31 29 ] 0
2 68 50 40 20 0 2 25 22 18 8 a

r - T T T T
0 20 40 60 80 0 20 40 60 80

Test for interaction p = 0.046
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Urgent need for new
surrogate markers
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Hurdle in immunotherapy drug development: high
rate of false positive/negative results

Results

&

True positive

False positive
IO combo

Neoadjuvant trial

False negative

{

True negative
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surrogate endopoints developed for chemo/target therapy
inadequate and misleading for immuno-oncology

Surrogate endopints (pCR, ORR, PFS) developed for chemotherapy/targeted therapy
are inadequate and misleading for Immuno-Oncology

KEYNOTE-522 (TNBC)
ITT population ITT population
modest meaningful
A 7.5% pCR A EFS, DDFS
Schmid P NEJM 2020; Schmid P NEJM 2022
GEPARNUEVO (TNBC)
ITT population ITT population
ns promising
A 9.2% pCR A EFS, DDFS

Loibl S Ann Oncol 2019; Loibl S Ann Oncol 2022
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Is pCR rate really informative?

Urgent need to define “biological surrogate markers”
(TCR clonality, immune modulation, ctDNA dynamic)
to directly assess an effective immune engagement
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Genomics Is static;
the Immune system Is dynamic
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Anthracycline elicit a stronger immunomodulatory
effect in “immune low” (PD-L1 neg) tumors
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Possible benefit from atezolizumab combined to
anthracyclines in PD-L1 neg aTNBC

PD-L1 status

Positive | 10 —.E— 0.63 (0.28 -1.43)
Megative 19 17 —.—é— 0.55 (0.27 -1.14)
nature medicine
c . .
Progression-free survival
Article hitpe:{idol.arg101020/s1501-022- 021264 PD-L1"9"" pp population
Atezolizumab plus anthracycline-based 10
chemotherapy in metastatic triple-negative o HR  95%Cl
breastcancer: the randomized, double-blind Z 07 057 0.27-121
phase 2b ALICE trial g 061
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Z 03+
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0O 3 6 9 12 15 18 21 24 27 30 33 36

Time (months)
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Dogma to be challanged: ICIs are effective only in
PD-L1-positive aTNBC
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ADC/ICI combinations
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might benefit also in PD-L1 negative advanced TNBC
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What's on the horizon of immunotherapy for BC?
The best Is yet to come
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