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PI3K/Akt/mTOR Pathway
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PI3K inhibitors

Dual PI3K/mTOR inhibitors

mTOR inhibitors

AKT inhibitors

Cell proliferation, autophagy, apoptosis, angiogenesis, EMT and chemoresistance <= Cancer

Y Peng. Front Oncol. 2022
https://pubmed.ncbi.nlm.nih.gov/35402264/
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https://www.pmda.go.jp/review-services/drug-reviews/review-information/cd/0001.html
https://www.pmda.go.jp/review-services/drug-reviews/review-information/cd/0001.html
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GENIE v15.1 cBioPortal (160,994 samples / 137,305 patients)
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ZEMEE (PI3K pathway)

GENIE v15.1 cBioPortal (160,994 samples / 137,305 patients)

PTEN

B.7%

J" Cell growth

PIK3R1 RICTOR
3.6% 2.9%
PIK3R2 PPP2R1A mTQRC2
1.6% 2.0% Y
STK11
PIK3R3 _L 1.6%
0.9% —
AKT1 +
pﬁaﬁ 2.1% TSC1 MTOR
— 4.0%
PIK3CA AKT2 =% RHEB
12.8% 1.7% TSC2 | <0.5% RPTOR
3.8% .
AKT3 =
1.2% TSC
INPP4B mTORCG
1.7% AKT




PISK/PTEN/TSC Mutual exclusivity

GENIE v15.1 cBioPortal (160,994 samples / 137,305 patients)
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Neither
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11521
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HER2IZIEAL DA

BOLERO-1
Trastuzumab+Paclitaxel

Women with HER2+ /' +Everolimus

advanced breast (n =194)
cancer, no prior

treatment for advanced
disease )
Trastuzumab+Paclitaxel

(n=302; biomarker)
(n =108)

BOLERO-3 _ _
Trastuzumab+Vinorelbine

+Everolimus
Women with HER2+ / (n = 122)
advanced breast
cancer, with prior

treatment with taxane
for advanced disease

(n=247; biomarker)

Trastuzumab+Vinorelbine
(n = 125)

Progression-Free Survival

PTEN normal: HR 1.00(0.80-1.26, p=0.97)
PTEN low/loss: HR 0.54 (0.31 - 0.96, p=0.04)

I
1.0 - m== PBO.normal
\ = = PBO.low
L« EVE.normal
0.8 4 EVE.low
= PBO: placebo
= 0.6 - EVE: Everolimus
©
L
© 04 -
=
0.2 -
:-_‘.——_“——LH
0 10 20 30 40 50

Time (months)

Andre F, et al, J Clin Oncol 2016,34:2115-2124.
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RECORD-3:#88 (RP-I11b) C -

@ Responder

70
Responseto | 5 *]
metastatic RCC Everolimus § 40
(1st line) (1st + 2nd) e
(n=471) 10
| 0- Loss p'rIEN Positive
[ |
epe . . A 1.0
Sunitinib || Everolimus > Median PES in months + Censored
= V.o PTEN | black, n=50): 10.5 (8.1-13.9
@ u PFS § 0.6 PTEN g:gﬁs ;c?ssitgvea(gre;, n =)50): 5.1(4; (2.9—8.1))
Everolimus || Sunitinib 1st line o T P =0.0004; HR = 2.5 (1.5-4.1)
(n =233) (n =238) Everolimus 5§ 047
£ 024
0
0.0 - , : , ; ; ; '
A total of 213 patients in the RECORD-3 0 5 10 15 20 25 30
dataset provided PTEN IHC data. PFS (months)

[ PTEN

Loss Positive |

Voss MH et al. Clin Cancer Res. 2019 Jan 15;25(2):506-514.
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SAKK 08/085ER( B BEP-II, n=37) FISHEFfi. PFS

ﬁjéﬁiﬂ*g*ﬁ'l‘iﬁﬁﬁﬂig% A ] : :z;gm Lr—;tlagtr;d
(2%t 9 S Everolimus 0.6 -
) ) % 0.6—
PSAEFl R &E:37451 (12week T D ) §
PSA-50%;fk: 245l £
0.2
B E SE{A =T RE: 1345 (12week T O 1) o JiRo28 037919001 |
SD: 951 0 3 6 9
PD: 415“ No. at risk fime.me
ret 16 6 0 0
del 7 5 2

Templeton AJ. Eur Urol. 2013;64:150-8
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1) FERIEHLA(P-Il, NGS, n=34, no statistical difference)

PR+SD PD
PTEN wt 7 15
PTEN mt 5 7
=
2) B
Table 2 The status of molecular markers in enrolled patients Table 3 Treatment response of enrolled patients
Disease types Molecular markers Response No. of patients Percent
PTEN loss PIK3CA mutation/amplification Complete response
Gasric cancer 4 1 Partial response 0 0%
Colorectal cancer 3 - Stable disease 4 40%
Pancreastic cancer 1 - Progressive disease 4 40%
Cholangiocarcinoma 1 - Not available 2 20%
Overall response rate 0%
1) Trédan O. Target Oncol. 2013 Dec;8(4):243-51. Disease control rate 0%

2) Kim ST et al, BMC Cancer 2017,17:211




PTEN loss(CX] 9 dEverolimus

FRE& £ R DA (P-1l, n=37)
. PTENZE{f=]8E n=20

PR + SD PD Total (%)
=6 N=14

PTEN*
Absence of PTEN expression 0 8 8 (40)
Presence of PTEN expression 6 6 12 (60)
Total 20 (100)
PI3K mutation
Absence 5 12 17 (85)
Presence 1 (E542K) 2 (E545K) 3 (15)
Total 20 (100)

Seront E. Eur Urol. 2012 Oct;23(10):2663-2670
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Everolimus Placebo
TSC1 TSC2 TSC1/2 TSC1 TSC2 TSC1/2
Z E 1) ZEG | BELGL | BEH ZEG | BEAGL
=30 5 16 5 0 0 0
i) 5 39 6 3 29 7

100

Probability (%)

0

Number at risk
Everolimus 78
Placebo 39

https://www.drs-net.novartis.co.jp/dr/products/product/afinitor/tsc/information/05/

Franz DN, et al. Lancet. 2013; 381(9861):125-132.

] Group

= Everolimus

4+ Placebo

2

76
39

4

74
33

1 === Everolimus (no patients at risk)
4 -a=a Placebo (six patients at risk)

0 T T T T T
8 10 12 14

6

36
16

Months

Hazard ratio, NA (95% CI NA-NA)

p=0-0002 (one-sided stratified log-rank test)

33
14

25
12

1
0

0
0


https://www.drs-net.novartis.co.jp/dr/products/product/afinitor/tsc/information/05/

TSC1/2(+mTOR)ZE(CXT9F SEverolimus

RECORD-35#8&% (RP-l1b)
Response to
metastatic RCC Everolimus
(1st line) (1st + 2nd)
(n=471)
A
[ |
Sunitinib Everolimus
4 4 PFS
Everolimus Sunitinib 1stline
(n=233) (n=238) Everolimus

Among 184 everolimus-treated patients
with RCC with NGS data
(TSC1/TSC2/ mTOR=11/8/15)

A

Patients (%)

W

Survival probability

N=111
Fisher exact P = 0.1268 Il Nonresponder
I Responder

mTOR/TSC1/TSC2

0.8

0.6

0.4

0.2

0.0~

+ Censored
Median PFS in months

mTOR/TSC1/TSC2 MT (black, n = 16): 10.3 (2.2-13.9)
mTOR/TSC1/TSC2 WT (grey, n = 112): 8.1 (5.4-10.5)

P =0.8056; HR = 1.1 (0.6-2.1)

Voss MH et al. Clin Cancer Res. 2019 Jan 15;25(2):506-514.

1b 1|5 20 25 30
PFS (months)

|mTOR/TSC1/TSC2 MT WT|
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Table 3. Association between PFS and mTOR/TSC1/TSC2 and PTEN expression status and association between TTP and mTOR/TSC1/TSC2 status

Median PFS HR (95% CI)

Randomized treatment group N (95% CI) P value Alt/WT
GRANITE-1: Everolimus + best supportive care in patients with 47

advanced gastric cancer o
mTOR/TSC1/TSC2 mutation status

Alt 9 1.6 (1.4-2.7) 0.9 (0.6-1.5);

WT 38 15 (1.4-2.1) P = 0.7998
PTEN group 121

Loss 15 2.3(1.4-4.2) 1.2 (0.7-2.2);

Positive 106 1.5 (1.4-1.8) P = 0.5408
EVOLVE-1: Everolimus in patients with advanced HCC Median TTP (95% CI)
mTOR/TSC1/TSC2 mutation status 80

Alt 16 1.7 (1.3-3.9) 1.2 (0.6-2.2);

WT 64 2.8 (1.5-45) P = 0.6476

GRANITE-15E&: BL/5/&E B JE ICXT 9 % Everolimus (RP-I11)
EVOLVE-158R: SorafenibBL/5EHCCIZXT 9 % Everolimus (RP-I11)

Voss MH et al. Clin Cancer Res. 2019 Jan 15;25(2):506-514.
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Phase Il Clinical Trial of Everolimus in a Pan-Cancer

Cohort of Patients with mTOR Pathway Alterations
*) Adib E et al. Clin Cancer Res. 2021 Jul 15;27(14):3845-3853.
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PEComa(retrospective, n=49)
Data from:

Washington University in St. Louis,

the University of Wisconsin,
the University of lowa,
Stanford University,
Vanderbilt University.

E (X9 BEverolimus

PFS1 at 12 months of mTORI vs. Others

-

L=

o
|

Probability of Survival
(%))
o
llIllIIIIllIllIlIII

=+ mIORI(n=14)

== Other Iherapies (n=8)

P-value 0.4942

0
0
Table 2. Overall response rate and clinical benefit rate.
Mutation First-Line Therapy N=18 ORR (%) CBR (%)
mTORi 8 25 75
TSC-1or-2 Anthracycline 0
Other 1* 100 100
mTORi 6 33.3 66.7
Other Anthracycline 0

Other

3 ** 0

66.7

5 10 15
Months of Therapy

iu L. Genes (Basel). 2022 Oct 24;13(11):1932
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