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PI3K / AKT / mTOR pathway 
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PI3K/AKT/mTOR Alterations in Cancer

3

Gene Cancer Type Mutation Frequency
PIK3CA Endometrial Carcinoma 44.5%

Cervical SCC 22.7%
Breast Carcinoma 30.7%
Head & Neck SCC 13.6%
Colorectal Adenocarcinoma 24.8%
Urothelial Carcinoma 20.4%

mTOR Melanoma 11.9%
Endometrial Carcinoma 10.6%

AKT Endometrial Carcinoma 3-11%
Ovarian Epithelial Tumor 4-9%
Breast Carcinoma ~ 3%

Peng Y, Wang Y, Zhou C, Mei W and Zeng C (2022) PI3K/Akt/mTOR Pathway and Its Role in Cancer Therapeutics: 
Are We Making Headway? Front. Oncol. 12:819128



PI3K Alterations
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• PI3K – Multiple sub-units and isoforms
• Pan-PI3K inhibitors may have more off-target AEs
• Copanlisib

• Isoform-selective PI3K inhibitors – decreased AEs 

PI3K Inhibitors

5Nat Cancer. 2021 June ; 2(6): 587–597.



Indication Adverse Events (> 20%)
Copanlisib (Pan-PI3K) Follicular Lymphoma 

(2017)
Hyperglycemia, diarrhea, fatigue, 
hypertension, neutropenia, nausea, 
pneumonia, thrombocytopenia

Idelalisib (PI3Kδ) CLL, Follicular 
Lymphoma (2014)

Diarrhea, pyrexia, fatigue, nausea, cough, 
pneumonia, chills, rash, neutropenia, 
hypertriglyceridemia, hyperglycemia, AST / 
ALT elevation

Duvelisib (PI3K-δ and PI3K-γ) CLL, Follicular 
Lymphoma (2018)

Diarrhea, neutropenia, rash, fatigue, pyrexia, 
cough, nausea, URI, anemia, musculoskeletal 
pain

Alpelisib (PI3Kα) PIK3CA-mutated 
metastatic breast 
cancer (combo with 
fulvestrant 2019)

Hyperglycemia, increased creatinine, 
diarrhea, rash, nausea, stomatitis, ALT 
elevation

PI3Ki Adverse events 
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Hematologic Malignancies Solid Tumor Malignancies
Copanlisib (Pan-PI3K) Follicular Lymphoma Alpelisib (+ Fulvestrant) Breast cancer (PIK3CA 

mutant)
Duvelisib (PI3K-δ and 
PI3K-γ)

Follicular Lymphoma, 
CLL

Idelalisib (PI3Kδ) Follicular Lymphoma, 
CLL

Umbrasilib (PI3Kδ + 
CK1ε) (Approval 
withdrawn 2022 for 
safety concern)

Follicular Lympoma, 
Marginal zone 
lymphoma

PI3Ki - Efficacy
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• Novel Combinations
• Palbociclib + Gedatolisib (PI3K / mTOR dual inhibitor) 

(NCT03065062)
• Tipifarnib + Alpelisib in HNSCC (NCT04997902)
• Alpelisib + Sacituzumab Govitecan in breast cancer 

(NCT05143229)
• Copanlisib + EPOCH-R in high grade B-cell lymphomas 

(NCT04933617)
• Immunotherapy combinations

Future of PI3Ki
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• PI3Kδ - Inhibition of MDSC, Regulatory T-cells
• PI3K-δ and PI3K-γ – Inhibit M2 macrophage polarization
• Immunotherapy clinical trials
• NCT03131908 – PI3Ki + pembrolizumab in melanoma
• NCT04317105 – Copanlisib + Nivolumab +/- Ipilimumab in 

solid tumors
• NCT03961698 - PI3K- γ inhibitor + I/O in RCC / TNBC

PI3Ki – Immunomodulatory effects
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mTOR
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• Everolimus
• Temsirolimus
• Nab-sirolimus

mTOR – Approved agents
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BOLERO-2
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• Novel IV mTOR inhibitor
• 100mg/m2 IV infusion D1,D8 of 21 day cycle

• AMPECT trial led to FDA approval for advanced 
malignant PEComa (11/2021)

Nab-Sirolimus
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20J Clin Oncol. 2021 Nov 20;39(33):3660-3670

ORR = 42%
*Majority of responses
associated with TSC1 or
TSC2 mutation

Median DOR not reached
12-month DOR 75%
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• Nab-Sirolimus in tumors with TSC1/TSC2 mutations
• NCT05103358

Future of mTOR
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• Three isoforms (AKT1, AKT2, AKT3)
• Three types of inhibitors:
• ATP-competitive (Ipatasertib, Capivasertib)
• Allosteric (MK-2206)
• Irreversible

• No FDA approved therapies

AKT 
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• EAY131-Y trial (NCI-MATCH)
• AKT1 E17K mutant tumors
• ORR 28.6%
• One CR for nearly 36 months

• ProCAID trial – Add capivasertib to docetaxel
• No improvement in PFS

• FAKTION trial – Capivasertib + Fulvestrant
• Improved PFS

• PAKT trial – Capivasertib + paclitaxel in TNBC
• Improved PFS and OS

Capivasertib
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• Capivasertib + Abiraterone in hormone-sensitive prostate 
cancer with PTEN deficiency (NCT04493853)

• Capivasertib + CDK4/6i + Fulvestrant in HR+ breast 
cancer (NCT04862663)

Future of Capivasertib
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• IPATential150 trial
• Ipatasertib + ADT improves mPFS 

• LOTUS trial
• Ipatasertib + paclitaxel increases PFS in TNBC

Ipatasertib
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• ICE-CAP trial
• Ipatasertib 400mg D1-14 + Atezolizumab
• Shown to deplete FOXP3+ Tregs in solid tumors (Lopez 2020, 

AACR)
• Expansion in Glioblastoma shows preliminary efficacy (Tiu 

2023, AACR)
• One exceptional responder with pathologic CR and > 70% depletion of 

Tregs with increased CD8+ lymphocytes

AKT Inhibitors Immunomodulatory Effects
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Future development of Ipatasertib
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A Phase 2 Study of Ipatasertib in 
Combination with Pembrolizumab for First 
Line Treatment of Recurrent or Metastatic 

Squamous Cell Cancer of the Head and 
Neck

NCI Study #10496
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Stratification Factor:  PD-L1 CPS score (1-19 vs. 20+)
Expected enrollment: 48 patients over 2 years, 24 in each arm

Currently enrolling patients throughout the CCC and ETCTN
(NCT05172258)



• FDA approvals of PI3K inhibitors, mTOR inhibitors
• No approved AKT inhibitors, but some preliminary 

evidence of efficacy
• Future directions include further patient selection and 

immunomodulatory use

Conclusions
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