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Grandes classes thérapeutiques en oncologie
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ANTI-CANCER
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Comment faire ?
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Hallmarks of cancer

Sustaining proliferative
signaling

Resisting
cell death

Inducing
angiogenesis

Enabling replicative
immortality

Hanahan et Weinberg, Cell 2000

Evading growth
suppressors

Activating invasion
and metastasis
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CHIMIOTHERAPIES




= Vitesse de division
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= Action sur la molécule d’ADN
* Inhibiteur des topoisomérases
* Alkylants
* Anti-métabolites
 Cassures directes

= Poisons du fuseau mitotique
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Poisons du fuseau

interphase prophase

anaphase

cytokinesis

metaphase
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= Diminution du volume tumoral
» Epargne mammaire
 Epargne laryngée

Centre Henri-Becquerel
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Efficacite

= Diminution du volume tumoral

= Ameélioration de la survie globale (adjuvant)
 Cancers du poumon, du colon, du sein

Overall mortality Overall mortality
507 8575 women 507 11167 women
RR 0-84 (95% Cl 0-78-0-91) No CTX RR 0-86 (95% CI 0-79-0-93)
40- Log-rank 2p<0-00001 39-6% 40- Log-rank 2p=0-0002
10-year gain 5-0% (SE 1-2) 8-year gain 3-2% (SE 0-9)
34-6%
— Anthracycline <
£ 304 Y S 30 Anthracycline control
E 231% E 26:7%
S é 23-5%
5 20 £ 20+ Taxane+anthracycline
18-0%
10 10
0 | , 0
0 5 10 0
Years Years

Sein : 10 patientes traitées : 1 vie épargnée, 2 rechltes malgré chimio ﬁ
Centre Henri-Becéﬁgﬁél
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= Diminution du volume tumoral
= Amelioration de la survie globale (adjuvant)

= Ameélioration de la durée de vie de qualite (M+)
 Tres nombreux cancers
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= Générales
* Asthénie, hématologique

= Spécifiques (classe)

= Dose dépendantes
 Exposition cumulative limitée

= Non corrélées a la réponse
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Limites : efficacité

= Pas de prolifération : pas de réponse
= Résistance tumorale quasi inéluctable

= Formes métastatiques : guérison ?
» Cancer du testicule/tumeurs germinales
 Leucémie, lymphome B diffus
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THERAPIES CIBLEES
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= Anomalie moléculaire a I'origine du cancer
 Cancer du poumon muté EGFR
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Difference tumeur/tissu sain

= Anomalie moléculaire a I'origine du cancer
 Cancer du poumon muté EGFR

= Anomalie moléculaire liée a I’évolution du cancer
 Cancer ORL et sur-expression de 'EGFR
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1¢re thérapie : Imatinib (Glivec*)

= Leucemie myeloide chronique
+ 1¢re description en 1845
* Translocation 9-22 (1973)

 Gene de fusion Ber-Abl entrainant la
synthese excessive de tyrosine kinase

= Mise au point d’un inhibiteur spécifique
de la protéine Bcr-Abl : I'imatinib

ECQUEREL

Savage NEJM 2002  O’Brien NEJM 2004
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Imatinib

Transcription and translation
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Imatinib : Efficacité

A

E 1DD_W
Plus efficaceet = 90+ . T e
moins toxique .= 80— P - Imatini
que IFN + E 70+ ———
cytarabine Vi 60— Combination therapy

& 50+

1 4D_

e

@ 204

so 10— P<0.001

o

a 0 | |

0 3 6 9 12 15 18 21 24 27
Months after Randomization
MNo. of Events

Imatinib . 7 12 18 29 41 42 42
Combination therapy 12 38 73 94 1lo8 119 125 125
Mo. at Risk

Imatinib 543 530 518 505 487 392 le2 7
Combination therapy 408 442 376 334 302 255 99 7
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Probability of Progression-free
Survival

No. at Risk
Gefitinib

paciitaxe!

0.8~

0.6~

0.4~

0.2~

0.0

Hazard ratio, 0.74 (95% Cl, 0.65--0.85)
P<0.001
Events: gefitinib, 453 (74.4%); carboplatin

plus paclitaxel, 497 (81.7%)

609
Carboplatin plus 608

363
412

] 12 16 20 24
Months since Randomization

212 76 24 S 0

118 22 3 1 0

—
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Hazard ratio, 0.74 (95% Cl, 0.65--0.85)
P<0.001

Events: gefitinib, 453 (74.4%); carboplatin
plus paclitaxel, 497 (81.7%)

A Overall
‘g 1.0+
0.8~
% 0.6
5@ 04-
£
% 0.2
0.0
0 4
No. at Risk
Gefitinib 609 363

Carboplatin plus 608 412

paclitaxe!

8 12 16 20 24
Months since Randomization

212 76 24 5 0
118 2 3 1 0

B EGFR-Mutation-Positive

1.0+ Hazard ratio, 0.48 (95% C1, 0.36-0.64)
2 P<0.001
0.8 Events: gefitinib, 97 (73.5%); carboplatin
; plus paciitaxel, 111 (86.0%)
Eg 0.6+
I
'g& 0.4~
= Carboplatin Gefitinib
| 024 plus
2 paclitaxel
0.0 T T T T T
0 4 8 12 16 20 24
Months since Randomization
No. at Risk
Gefitinib 132 108 71 3l 11 3 0

Carboplatin plus 129 103 37 7 2 1 0
paclitaxel

C EGFR-Mutation-Negative

1.0+ Hazard ratio, 2.85 (955 C, 2.05-3.98)
g P<0.001
g 0.3 Events: geﬁﬁnib. 88 (96.79¢): carboplatin
= plus paclitaxel, 70 (82.4%)
§§ 0.6-
@ 04-
§ Carboplatin plus
021 paclitaxel
i Gefitinib
o-c T L 1 T L] 1
0 4 3 12 16 20 24
Months since Randomization
No. at Risk
Gefitinib 91 21

Carboplatin plus 85 58 14

paciitaxe!
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D Unknown EGFR Mutation Status

1.0+ Hazard ratio, 0,68 (95% Cl, 0.58-0.81)
‘g P<0.001
5 0.8 Events: gefitinib, 268 (69.4%); carboplatin
= plus paclitaxel, 316 (80.2%)
§§ 0.6+
A 04-
£
2 0.2+
o-c L] L] L L 1 1
0 4 g 12 16 20 24
Months since Randomization
No. at Risk
Gefitinib 386 234 137 43 12 2 0
Carboplatin plus 394 251 67 14 1 0 0
paclitaxel

Centre Henri-Becquerel
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A: HER2/neu+, trastuzumab
B: HER2/neu-, no trastuzumab

C: HER2/neu+, no trastuzumab

204 A vs. B: hazard ratio, 1.09 (95% Cl, 0.52-2.29, P=0.82)
A vs. C: hazard ratio, 0.29 (95% Cl, 0.13-0.64, P=0.002)
1 Bvs. C: hazard ratio, 0.31 (95% Cl, 0.20-0.49, P<0.001)

Survival Free of Distant Recurrence
(% of patients)

0 T T T T T T T I ’
0 1 2 3 4
Years
No. at Risk
HER2/neu+, trastuzumab 115 112 98 64 21
HER2/neu-, no trastuzumab 777 764 654 370 126
HER2/neu+, no trastuzumab 117 110 93 51 18

Figure 3. Effect of HER2/neu Amplification and Trastuzumab on the Kaplan—Meier Estimates of Survival Free
of a First Distant Recurrence of Breast Cancer.
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Multivariate analysis
HR = 1.9 [1.3-3], p=0.002

& —— ESR1 mutation (43)
——  Wild Type (98)
. P = 0.000567
n
@)
0 10 20 30 10 8 * =

Months

m 0S for WT vs MT

2
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o

No. at risk
WT
MT

Clatot Oncotarget 2016; Chandarlapaty Jama Oncol 2016

1.0

0.8

o
o

o
~

0.2+

Multivariate analysis

HR = 1.6 [1.3-2], p<0.001

385
156

341
123

20 30 40 50
Time, mo

259 190 50 0

78 52 12 0
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204

Mutation Count

10
04
HPV status
Tumor location
Chr3p loss
Whole genome duplication
Smoking status
Site sequenced
Distant metastasis
100

Altered genome, %
Clones, No.
TP5349.1%
TERT 32.1%
FAT115.1%
NOTCHI1 17.0%
PIK3CA 24.5%
3¢26.310.4%
CDKN2A 24.5%
CDKN2B 11.3%
EGFR 13.2%
ATR 13.2%
KMT2D/MLL2 11.3%
KMT2C/MLL3 9.4%
NSD1 9.4%

11913 10.4%

[l Nonsynonymous

@ Synonymous

[ HPV Negative [] Unknown

[ HPV Positive

@ Hypopharynx [ Oral cavity [l Sinonasal
@ Larynx [ Oropharynx [ Unknown

I Yes [0 Unknown
O No

M Current [ Never

[0 Former

[@ Index primary [H Local recurrence

[l Distant metastasis [l Regional recurrence

M Fraction of genome with log2 copy number
value >0.2 or <-0.2

1 @3 M5 [ Uunknown

02 @4 me6

Mutation type
[l missense
Il Nonsense
I Truncating
I In-frame
[l Promoter

SCNA type
Il Amplification
I Deletion

Centre Henri-Becque
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423 patients enrolled

v

16 excluded because no biopsy result
hd
407 with biopsy results
4 excluded because metastatic
—b
breast cancer not confirmed
b4
403 biopsy samples assessed
104 excluded
. 91 low percentage of tumour cells
i 8 no frozen material
v 5 other reasons
299 samples with DNA suitable
for genomic analysis*
2CGHarray alone
281 CGH array and Sanger
sequencing
16 Sanger sequencing alone
21 exduded
16 CGH array results deemed
> uninterpretable

2 not enough DNA for Sanger
sequencing

195 patients with targetable
genomic alterations

v

55 patients received matched
therapy
52 driven by genomics
3 HER2 amplification on
CGH array

423 inclus
43 traités

4 réponses objectives a 4 mois

9 stables a 4 mois

Bénéfice clinique patients traités : 30%

Bénéfice clinique patients inclus : 3%

—
&
e

Centre Henri-Becquerel
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Probleme

= Ratio efficacité /toxicité des thérapies ciblées

A
100 ¢ Total population (N=1147)
Buparlisib plus fulvestrant (n=576)  Placebo plus fulvestrant (n=571)
Events (n)/patients (N) 349/576 435/571
80 Median progression-free 6.9 (6:8-7-8) 5:0(4-0-52)

survival, months (95% C1)

K sein RH+ : Voie PI3K altérée : o

60

Progression-free survival (%

Buparlisib : Efficace mais toxique

—m— Buparlisib plus fulvestrant
—A— Placebo plus fulvestrant

o T T T T T
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

erat risk
:ensored)
3uparilisib 576 (0) 391 (76) 291(105) 236 (119) 182(130) 130(147) 99(157) 72(171) 52(184) 34(197) 22(207) 13(215) 9(218) 7(220) 2(225) 0(227)

Buparlisib plus fulvestrant (n=573) Placebo plus fulvestrant (n=570)
Grade 1-2 Grade 3 Grade 4 Grade 1-2 Grade 3 Grade 4
Hyperglycaemia 159 (28%) 87 (15%) 1(<1% 43 (8%) 1(<1%) O
Increased ALT 84 (15%) 107 (19%) 39 (7%) 33 (6%) 6(1%) 0
Nausea 212 (37%) 10 (2%) 0 124 (22%) 8(1%) O
Increased AST 111 (19%) 86 (15%) 17 3%) 37 (6%) 16 (3%) 0
Diarrhoea 175 (31%) 21 (4%) 0 77 (14%) 6 (1%) 0
Rash 139 (24%) 44 (8%) 1(<1% 36 (6%) 0 0
Fatigue 155 (27%) 28 (5%) 0 127 (22%) 9(2%) O
Decreased appetite 162 (28%) 9 (2%) 0 62 (11%) 1(<1%) O
Depression 125 (22%) 21 (4%) 4 (1%) 49 (9%) 2(<1%) O o
Anxiety 97 (17%) 30 (5%) 1(<1%) 42 (7%) 5(1%) 0 'S

BeECalERE
Centre Henri-Becquerel
30

Baselga, Lancet 2017
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Toxicites

= Variables +++++

= Effet de classe

= Mais pas que
 Trastuzumab vs pertuzumab
 Palbociclib vs abemaciclib

= Souvent corrélées a l'efficacite

32
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Therapies cibléees : synthese

= Quelques belles histoires

= Pas de baguette magique
* Analyse biologique -> Proposer le bon ttt : NON

* Biologie d’'un cancer donné -> Ne pas rater le bon ttt
= Pas de guerison
= Fréquente association a la chimiothérapie
= Manque de médicament efficaces/peu toxiques
= Selection ++ des patients .

BeraleM
Centre Henri-Becquerel
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En pratique

= Cancer du sein
» Amplification HER2 (Herceptine, Perjeta, TDM-1)
» Mutations BRCA (Talazoparib)

= Cancer du poumon

 Mutations EGFR (Gefitinib/Erlotinib)
« Réarrangements ALK/ROS/RET

= Cancer du colon

» Mutation KRAS et anti-EGFR (Erbitux)
* Avastin

=_Cancer de la prostate...
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IMMUNOTHERAPIES

o
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‘ anti-PD-1
-

PD-L1
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Immunotheérapie cancer du poumon (CE)

39 Brahmer NEJM 2015

100-0x Median Overall Survival 1-Yr Overall Survival No. of
o mo (95% Cl) % of patients (95% Cl) Deaths
Nivolumab (N=135) 9.2 (7.3-13.3) 42 (34-50) 86
T 80— Docetaxel (N=137) 6.0 (5.1-7.3) 24 (17-31) 113
<
S 70-
1]
a
6 60-
NS Hazard ratio for death, 0.59 (0.44-0.79)
= 504 P<0.001
©
2
S 40-
v Nivolumab
T 30-
o
> ________________________________________
O 20+
. Docetaxel
0 I I I I I I 1
0 3 6 9 12 15 18 21 24
Months
No. at Risk
Nivolumab 135 113 86 69 52 31 15 7 0
Docetaxel 137 103 68 45 30 14 7 2 0

o
BeECalERE

Centre Henri-Becquerel



Immunothérapie en 2nde ligne ORL M+

= Ferris (n=361)

* Phase lll, 2"% ligne aprés platine, Obj | : OS
* Nivolumab vs (MTX ou Docetaxel ou cetuximab)

B Progression-free Survival

A Overall Survival

No. of No.of 1-YrOverall
Patients Deaths Survival Rate
% (95% Cl)

Nivolumab 240
Standard Therapy 121

133

36.0 (28.5-43.4)

85 16.6 (8.6-26.8)

Median Overall

Survival

mo (95% Cl)

7.5 (5.5-9.1)
5.1 (4.0-6.0)

100 Hazard ratio for death, 0.70 |
904 (97.73% Cl, 0.51-0.96)
— 80+ ... P=0.01
(o} s
S 704
£ 60-
£ so-
V)
s 40
g 30— V"'AAA-‘ :
o 20 Standard [
thera (-
10— py : A----a-a
I
0 T T T f T 1
0 3 6 9 12 15 18
Months
No. at Risk
Nivolumab 240 167 109 52 24 7 0
Standard 121 87 42 17 5 1 0
therapy

40 Ferris NEJM 2016

Progression—free Survival (%)

No. at Risk
Nivolumab

Patients Events

No. of

Nivolumab 240
Standard Therapy 121

No. of Median Progression-free
Survival (95% CI)

mo
190 2.0 (1.9-2.1)
103 23 (1.9-3.1)

100
90 Hazard ratio for disease progression
80 or death, 0.89 (95% Cl, 0.70-1.13)
P=0.32
70
60—
50
40
30
20 i
104 Standard Nivolumab
therapy N
0 T T T T T 1
0 3 6 9 12 15 18
Months
240 79 32 12 4 1 0
121 43 9 2 0 0 0

Standard
therapy



Limites : sélection des patients

100 -
90~
80+

Evénements HR (95 % IC)
Pembrolizumab 88% 1,16
(0,96-1,39)
EXTREME 91% —

70 . .
Survie a 12 mois
19,6 %
11,9 %

60 -
50 Médiane (95% IC)
3,2 mois (2,2-3,4)

40+ 5,0 mois (4,8-5,8)

SSP (%)

30 Survie a 24 mois
11,2 %
20- 5,4 %
10— i | T T - | 100+
“I_'_"l—'u 90 - Survie a 12 mois
0 T — — T — 80, 51,0 %
0 5 10 15 20 25 30 35 40 !
704
Nombre Mois
a risque 60~

257 80 54 43 23 9 7 1 0
255 19 37 20 15 8 4 0 0

Survie globale (%)
n
o
L

Evénements HR(95% IC) P

Pembro seul 69% 0,78 0,0086
(0,64-0,96)
EXTREME 81% - -

Survie a 24 mois
30,2 %
18,6 %

Médiane (95% IC)
12,3 mois (10,8-14,9)
10,3 mois (9,0-11,5)

0 5 10 15

Nombre
arisque
257 196 152 110
255 207 131 89

“ Keynote 048, ESMO 2018

20
Mois

74
47

25 30 35 40
34 17 2 1)
12 9 1 0

o
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Tumor foreignness
Mutational load

Tumor sensitivity
to immune effectors
MHC expression,

IFN-y sensitivity General immune status

Lymphocyte count

Absence of inhibitory

tumor metabolism I|_11n_1une_
LDH, glucose utilization cell infiltration
Intratumoral T cells

Hypoxie ?

Absence of soluble inhibitors Absence of checkpoints
IL-6, CRP PD-L]

e
&

Centre Henri-Becquerel

42 Blank Science 2016



100+ Median Overall Survival 1-Yr Overall Survival No. of
904 mo (95% Cl) % of patients (95% Cl) Deaths
Nivolumab (N=135) 9.2 (7.3-13.3) 42 (34-50) 86
7 80 Docetaxel (N=137) 6.0 (5.1-7.3) 24 (17-31) 113
=
2 704
©
a
5 60
X Hazard ratio for death, 0.59 (0.44-0.79)
— 504 P<0.001
s
£ 40
a Nivolumab
T 304
L R -
3 - i CheckMate 017 (SQ NSCLC)
10+ Docetarel 0.9 4 —&— Nivolumab(n=135)
-&— Docetaxel{n=137)
0 T T T T T T T 1 08 -
0 3 6 9 12 15 18 21 24 v
Months -§ 0.7
. =z HR (95% Cl): 0.63 (0.48, 0.82)
No. at Risk g 0.6 -
Nivolumab 135 113 86 69 52 31 15 7 0 2 -
Docetaxel 137 103 68 45 30 14 7 2 0 g 0.5 -
S 1y PFS =21%
=] i
_g 0.2
o 0.3+ 2-yr FFS = 16%
0.2 1f
|
0.1 |
0.0 ,
R Ve B . T T A
0 3 6 9 1215 18 21 24 27 30 33 36 39 42 45 48 51 54
Number of Subjects at Rick Monthe
Niwglumab 3 mgfeg
135 48 24 17 1€ 13 10 7 3 0
Docetaet
137 27 8 1 (¢] (s} ) (o] o [+]
43 Felip-Font E. et al. - ESMO® 2017 - Abs. 1301PD
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Incidence (%)

Toxicitée quelle frequence ?

EI liés au traitement d’incidence =15% pour
I'ensemble de la population, P vs E

80 -
75 A
70 -

60 -

Grade
1-2 3-5
Pembrolizumab ]

EXTREME [ |

Keynote 048, ESMO 2018

BeECalERE
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Champiat, Ann Oncol 2017

NEUROLOGIC
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== Rash, pruritis
~= Liver toxicity
== Diarrhea, colitis
== Hypophysitis

Toxicity Grade

L)

0 2 4 6 8 10 12 14
Time (weeks)

—

Centre Henri-Becquerel

“° ASCO 2015
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Immunothérapie

Nouvelle classe thérapeutique
Position a définir

* Monothérapie

» Association (chimio ? Autres immuno ?)
Ratio efficacité/toxicité intéressant

De nombreux patients non réepondeurs
 Cas d’hyperprogression

Moins de réponses objectives
Toxicités nouvelles
Cout exorbitant

i:‘—;

Centre Henri-Becquerel



Conclusion : Hallmarks of cancer 2.0

EGFR Cyclin-dependent
inhibitors kinase inhibitors

\ 4

Sustaining Evading .
Aerobic glycolysis proliferative growth Immune activating
inhibitors \ signaling SUppressors anti-CTLA4 mAb

Deregulating Avoiding

Proapoptotic ReSiS:ing
BH3 mimetics dce'
eath

Genome

Enablir)g Telomerase
replicative Inhibitors
immortality

promoting

instability & ! X
mutation inflammation
PARP Inducing Activating Selective anti-
inhibitors angiogenesis invasion & inflammatory drugs
metastasis

1 a

Inhibitors of Inhibitors of
VEGF signaling HGF/c-Met

BefabeRt

Centre Henri-Becquerel

* Hanahan et Weinberg, Cell 2011



