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Insulin and other growth factors 
stimulate receptor tyrosine 

kinases (RTKs), leading to 
phosphorylation at C-terminal 

domain tyrosine residues. 
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These phosphotyrosines bind to 
the regulatory p85α subunit of 

phosphatidylinositol 3-kinase-α 
(PI3Kα) 
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Activation of p110α subunit and thus 
PI3Kα activity. 

Production of phosphatidylinositol 
3,4,5-trisphosphate (PIP3) in the 

inner layer of the cell membrane. 
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PIP3 recruits the serine/threonine 
kinases PDPK1 and AKT to the 
plasma membrane. 

PDPK1 and the mTOR complex 2 
(mTORC2) phosphorylate AKT 

AKT phosphorylates multiple cellular 
substrates, including tuberin (TSC2) 

Activation of mTOR complex 1 
(mTORC1)
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Disruption of the PI3K pathway in cancer

Mutational activation 

of PI3-kinase 
p110 subunit alpha

Inactivation 
of PTEN

Mutational activation 
of AKT
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RTK phosphopeptide 
binding to p85α 

p110α mutation 

RAS stimulation of p110α

AKT pathway activation

Disruption of the PI3K pathway in cancer



Target agents in PI3K pathway

Luboff AJ et al. Ann Pharmacother. 2024;58(12):1229-1237

Alpelisib, Inavolisb, ect..



PFS with Fulvestrant + Alpelisib/placebo

André F et al. N Engl J Med. 2019;380(20):1929-1940

Cohort with PIK3CA-mutated cancer Cohort without PIK3CA-mutated cancer

SOLAR-1 trial



PFS with Fulvestrant + Capivasertib/placebo

PI3K pathway altered subgroup PI3K pathway non-altered subgroup

Jones RH et al. Lancet Oncol. 2020;21(3):345-357

FAKTION trial



PFS with Fulvestrant + Capivasertib/placebo

CAPitello-291
trial

Turner NC et al. N Engl J Med. 2023;388(22):2058-2070



Mollon LE et al. Clin Breast Cancer. 2020;20(3):e232-e243

PI3KCA mutation prevalence

Courtesy of AstraZeneca Medical

Cancer Genome Atlas Network. Nature. 2012;490:61–70; Martorana F et al. Front Pharmacol. 2021;12:662232; 
Miricescu D et al. Int J Mol Sci. 2020;22(1):173; Smyth LM et al. Cancer Discov. 2020;10(4):526–535; Paplomata E, O’Regan R. Ther Adv Med Oncol. 2014;6(4):154–166.
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EMERALD1 SoC ET

Elacestrant
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~ 10 (ITT)

    0 (ESR1mut)

-
1.9

3.8 0.55 
(0.39-0.77)

EMBER-32 SoC ET

Imlunestrant
661 ESR1 ~ 60

~ 9 (ITT)

  0 (ESR1mut)

~ 30 (ITT)

   20 (ESR1mut)

3.8

5.5 0.62 
(0.46-0.82)

CAPItello-2913 Ful + Placebo

Ful+Capivasertib
289 AKT path ~ 70 ~ 40 -

3.1

7.3 0.50 
(0.38-0.65)

INAVO-1204 SoC ET
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228 PIK3CA 1 34 66

7.3

15 0.43 
(0.32-0.59)
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MONARCH-27

Fulv + Placebo
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- - 0

-

-
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~ 5
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-

- -

Relapse <1y off adjuvant ET
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New ET options for ET-resistant disease (biomarker selected)
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New ET options for ET-resistant disease (biomarker selected)



AKT pathway alteration status was determined centrally using next-generation sequencing in tumor tissue with the 

FoundationOne®CDx assay (and Burning Rock assay in China) 

Alteration; n (%) Capivasertib + fulvestrant (N=355) Placebo + fulvestrant (N=353)

Any AKT pathway alteration 155 (43.7) 134 (38.0)

PIK3CA

Any

PIK3CA only

PIK3CA and AKT1

PIK3CA and PTEN

116 (32.7)

110 (31.0)

2 (0.6)

4 (1.1)

103 (29.2)

92 (26.1)

2 (0.6)

9 (2.5)

AKT1 only 18 (5.1) 15 (4.2)

PTEN only 21 (5.9) 16 (4.5)

Non-altered 200 (56.3) 219 (62.0)

AKT pathway alteration not detected

Unknown

No sample available

Preanalytical failure

Post analytical failure

142 (40.0)

58 (16.3)

10 (2.8)

39 (11.0)

9 (2.5)

171 (48.4)

48 (13.6)

4 (1.1)

34 (9.6)

10 (2.8)

Targeting AKT pathway in ET-resistant disease: CAPItello-291

Turner NC et al, SABCS 2022 and NEJM 2023



Prevalence of gene alterations at baseline vs EOT with ribociclib plus ET vs placebo plus ET 

André. F Annals of Oncol. 2024 

Ribo + ET

ET + 
Placebo

No difference in ESR1m 
with Ribo use

PI3KCA remains stable in 
time

Among Ribo users only 
RB1 and SPEN showed 
differences



Iams W JAMA Network 2024

➢ 60 -80% concordance between tissue and ctDNA

➢ High ctDNA identification of actionable biomarkers

➢ 19.7% variants detected uniquely by ctDNA → 55%
ESR1

Liquid Biopsy or tissue Biopsy?

Concordant

ctDNA



PI3K mechanism of resistance in breast cancer

Vasan N et al. Nat Rev Clin Oncol. 2022;19(7):471-485



Targeting PIK3CA + CDK4/6is in ET-resistant disease: INAVO-120

Jhaveri KL et al, SABCS 2023; Turner NC et al NEJM 2024 



Jhaveri KL et al, SABCS 2023; Turner NC et al NEJM 2024 

Targeting PIK3CA + CDK4/6is in ET-resistant disease: INAVO-120



Vasan N et al. Nat Rev Clin Oncol. 2022;19(7):471-485

PI3K inhibitors effect on metabolism



Johnston SRD. ESMO webinar 2024

PIK3 target inhibitors development
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