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TARGETED CANCER THERAPIES

- where are we on the hype curve? -



PI3K 
in human 
health & 
disease
- 2018 -
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Targeting PI3K in cancer
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‘Traditional’ approach: 

blocking PI3K in the cancer cell


cytostasis/cytotoxicity?

‘different’ approach:

blocking PI3K in immune cells


cancer immunotherapy?

CANCER CELL

WHITE BLOOD CELL
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: interacts with lipid-binding domain in:

Tyrosine

kinases,
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Class I PI3K signalling
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migration

CELLS: ORGANISM:

cancer

inflammation

metabolism

ageing etc.

protein kinases

PDK1, Akt, Btk, Itk, … 

adaptor proteins

Gab1, Bam32, DAPP1, …

GEFs/GAPs for Rac, Ras, Arf

PREX, Vav, ARNO, GAP1m, ARAP3, …

mTORC1 ........

PIP3

PIP2

?? 

ubiquitously-expressed

leukocytes

4 isoforms: PI3K

PI3K

PI3Kβ

PI3Kδ
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PI3Ka mutations are 
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generation of class I PI3K inhibitors for cancer therapy
- targeting individual or groups of class I PI3Ks -

Class I PI3K signalling in cancer
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thus far: modest impact in solid tumours

- if effect: mainly cytostatic 
- insufficient PI3K target coverage
- issues with drug tolerability
- drug resistance

- intrinsic : negative feedback loops are very common
- acquired genetic resistance is common

- cells can live with very little PI3K activity
- PI3K mutations can be early (clonal) or late (subclonal) in tumour evolution

‘smart’ combination therapies will be required

eg: PI3Kα inhibitor-mediated sensitization of breast cancer to hormone therapy

Estrogen receptor (ER)-positive breast cancer + PI3Kα inhibitor
↓

ER transcriptional activity ↑
↓

sensitize breast cancer to hormone therapy

development of class I PI3K inhibitors for cancer therapy
- targeting individual or groups of class I PI3Ks -
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FDA-approved PI3K-inhibitors:  for B-cell malignancies

- idelalisib: PI3Kδ (Gilead)

- copanlisib: PI3K/δ (Bayer)

- duvelisib: PI3K/δ (Verastem)

Idelalisib
FDA/EMA 
approval in 
2014

Copanlisib
FDA approval 
in 2017

Duvelesib
FDA approval 
in 2018

PI3K inhibitor = BYL719

?

development of class I PI3K inhibitors for cancer therapy
- targeting individual or groups of class I PI3Ks -



PI3Kδ

in normal physiology



PNAS 1997:94:4330

Nature 2004:431:1007

Science 2002:297:1031 

PI3Kδ 2004



PNAS 1997:94:4330

Nature 2004:431:1007

Science 2002:297:1031 

PI3Kγ : mainly innate immunity 

development of PI3Kγ/ inhibitors

drug targets in immune/inflamm diseases 

: mainly adaptive immune phenotypes (B/T-cells)PI3K

PI3Kδ 2004



PNAS 1997:94:4330

Nature 2004:431:1007

Science 2002:297:1031 

: mainly adaptive immune phenotypes (B/T-cells)PI3K

Roche

(2008: together with PI3Kα programme)

PI3K : drug targeting

• ICOS → Calistoga → Gilead
• Intellikine→ Infinity → Verastem
• Amgen → CRUK
• Xelexis→Merck
• GSK: inhaled PI3K inhibitor
• TG Therapeutics 
• Incyte
• Merck AG→ iOnctura
• Novartis : activated PI3K syndrome
• UCB
• Chi-Med
• MEI Pharma
• various academic groups e.g. Puquitinib

PI3Kδ 2018



PNAS 1997:94:4330

Nature 2004:431:1007

Science 2002:297:1031 

wild-type mice PI3K kinase-dead mice

‘inflammatory bowel disease’

one ‘issue’ 
in PI3Kδ-deficient mice:

PI3Kδ 2004



PI3Kδ in cancer

a. cancer-cell-intrinsic roles



• PI3Kδ: highly expressed:

▪ ≈ levels as in untransformed leukocytes: not overexpressed or mostly non-mutated

• PI3Kδ-inhibitors: PI3K→ Akt→ survival?

▪ inhibitors can wipe out cellular phospho-Akt

▪ are not directly cytotoxic
▪ have a pro-survival role, like PI3K in these cells (not  or β) → PI3K/δ-inhibitor 

(copanlisib, Bayer): stronger direct anti-leukaemic activity than PI3Kδ-inhibition only

PI3Kδ in haem-malignancies:

in vitro leukaemic cells

in patients clinical impact in (only) SOME haem-onc malignancies 

e.g. in B-cell chronic lymphocytic leukaemia (CLL) – follicular B-cell lymphoma



Why B-cells?
PI3Kδ is an important player in:

some B-cell malignancies (such as CLL)

chemokines
[attraction]

• B-cell antigen receptor (BCR)
• CD40 - CD19 -
• cytokines …

[(co)-stimulation]

adhesion
[retention]

PI3K

normal B-cells

dependency on PI3Kδ is maintained,
including ‘tonic’ BCR signalling 

= 
KEY VULNERABILITY

≈ BtkPI3K

BTK

SYK

B-cell antigen receptor (BCR) signalling

Okkenhaug & Burger - Curr Top Microbiol Immunol. 2015:393:123 

PI3Kδ in haem-malignancies:



Brown JR - Blood. 2014 May 29;123(22):3390-7
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PI3K-selective inhibitor in CLL

how does this drug work then ?

no direct cytotoxicity 

on CLL cells in vitro

disrupts CLL-stroma interactions

PI3Kδ in haem-malignancies:



LYMPH NODES/BONE MARROW BLOOD

PI3K

chemokines
[attraction]

B-cell antigen receptor
CD40/CD19/cytokines/…

[(co)-stimulation]

adhesion
[retention]

Leukemic
cell

PI3K

chemokinesadhesion

PI3K inhibitor

SLOW DEATH ?
+ 

VULNERABILITY TO 
COMBINATION THERAPY

B-cell antigen receptor
CD40/CD19/cytokines/…

PI3K inhibition in CLL affects the malignant niche

no evidence for
development of cancer cell-

intrinsic PI3Kδ-inhibitor 
resistance

(as opposed to Btk-inhibitors)



PI3Kδ in cancer

b. cancer cell-extrinsic roles



inoculate tumours (haem- or solid) in PI3K-null mice:

quickly become morbid 
& unresponsive

general well-being 
unaffected

day : 10 17 21

wild-type mice

PI3K kinase-dead

individual miceall mice
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PI3K KIWT 

day 
0
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terminate experimentpalpable tumour

scan mice/tumour 
measurement

+4T1 cells

inject luciferase+ 4T1 
breast cancer cells

in mammary fat pad

4T1 breast cancer (PI3Kδ-negative)GENETICS

pharmacologic
al PI3K

inhibition 
(in wild-type, 

immuno-
competent mice)

PHARMACOLOGY

→ does this also work in human? Head & Neck cancer window trial with Amgen & Cancer Research UK 



How does this work?

PI3K inhibition re-balances the host immune system (towards ‘auto-immunity’) 



How does this work?

T 
helper

CD8 CTL
killer

immune 
suppression

immune help/cell 
killing

Treg

(Foxp3)

+ PI3K inhibitor

differential impact on T-cell subsets

PI3K inhibition re-balances the host immune system (towards ‘auto-immunity’) 

also dampens ‘classical’ cancer inflammation

↓ myeloid-derived suppressor cellsMDSC

GOOD
BAD

immune response

↑ CD8/Treg (Foxp3) ratio

immune activation through immune suppression….

Nature 2014:509:407



wild-type PI3K kinase-dead

PI3Kδ-deficient mice:

Coutre et al. Leukemia and Lymphoma 2015

diarrhoea & colitis

patients on PI3K inhibitor:

in CLL: PI3K inhibition often leads to colitis



Spectrum of adverse effects associated with PI3Kδ-inhibitors in B-cell malignancies is similar 
to that observed with anti-PD1/PDL1 & anti-CTLA4



Callahan et al. Immunity 2016 44:1069–1078

1. Coutre SE, et al. Leuk Lymphoma 2015; 56:2779–2786.
2. Coutre SE, et al. EHA 2015 (Abstract S433; oral).

Grade 3+ AEs with idelalisib
PI3Kδ inhibitor

N=760

Pneumonitis 3%

Colitis/Diarrhoea 14%

Skin rash 6%

Hepatic inflammation/ 
↑ALT/AST

14%

Spectrum of adverse effects associated with PI3Kδ-inhibitors in B-cell malignancies is similar 
to that observed with anti-PD1/PDL1 & anti-CTLA4



Can PI3Kδ and PI3K inhibitors be used in solid tumours therapy?

Nature Nov 2016

+ PI3K macrophage re-polarisation 
towards anti-tumour

T 
helper

CTL
killer

immune 
suppression

immune help/cell 
killing

Treg

+ PI3K inhibitor

differential impact on T-cell populations

PI3Kδ



?

PI3K

inhibitor
PI3Kβ

inhibitor

PI3Kδ
inhibitor

PI3K inhibitor

TUMOUR

The changing landscape of PI3K inhibition in cancer:



?

Okkenhaug K, Graupera M, Vanhaesebroeck B - Cancer Discovery 2016:6:1090

PI3K

inhibitor
PI3Kβ

inhibitor

PI3Kδ inhibitor PI3K inhibitor

Cancer 
immunotherapy 

using PI3K inhibitors?

can lymphoma-drug be 
used in solid tumours?

The changing landscape of PI3K inhibition in cancer:

TUMOUR



Ongoing clinical trials with PI3Kδ and γ inhibitors in solid tumours

→ ASCO 2018

→ AACR 2018

some early evidence for anti-tumour activity

BUT

PI3Kδ inhibitors are not without their (on target) problems

Okkenhaug K, Graupera M, Vanhaesebroeck B - Cancer Discovery 2016:6:1090



Incyte Effect of JAK/STAT or PI3Kδ plus PD-1 inhibition on the tumor micro-
environment: Biomarker results from a phase Ib study in patients with 
advanced solid tumors JM Kirkwood - AACR Presentation Chicago 2018

▪  intratumoral Tregs

▪ ↑ intratumoral CD8+/Treg ratio

▪ ↑ markers of T-cell activation

▪ altered proteins involved in lymphocyte 

proliferation & IFNγ signalling in peripheral blood

https://investor.incyte.com/events-and-presentations/presentations

https://investor.incyte.com/events-and-presentations/presentations


CRUK + AMGEN  (lead: Christian Ottensmeier – Southampton)

AIM: quantify immunological effects of AMG319 on tumour microenvironment in HNSCC patients 

• neo-adjuvant window study in non-pre-treated, operable HNSCC
• drug given for 20-29 days, given before surgery
• blinded - 54 patients - randomised 2:1 AMG319/placebo
• trial currently on hold – analysis of immune markers pending

• 30 patients were given AMG319: 
o 10 patients: grade 2/3 treatment-related adverse events: rash, diarrhoea/colitis, vomiting, 

fever, flu-like symptoms - toxicity presented from days 8-11
o 12 patients: early discontinuation due to adverse effects
o adverse events resolved with withdrawal of drug and supportive treatment

Efficacy: 
• 1 patient with T1 oral cavity carcinoma: pathological complete response
• other responses (to be reviewed):
o 2 patients: immune-related partial response
o 16 patients: immune-related stable disease  
o 6 patients: immune-related progressive disease

http://ascopubs.org/doi/abs/10.1200/JCO.2018.36.15_suppl.6068

http://ascopubs.org/doi/abs/10.1200/JCO.2018.36.15_suppl.6068


Immuno-competence as a key factor in PI3Kδ-inhibitor tox?

Immunotox

Patient immuno-competence

AMG-319  
in H&N 
Cancer

idelalisib in early trials: 
heavily-pre-treated patients CLL

Colitis

idelalisib as front-line 
therapy (+Syk inhibitor)



Died from CLL 
progression:

Idelalisib: 0/73

Placebo: 10/72
Deaths from 

infection

Median Idela
exposure:
2.5 months



Immuno-suppression/activation by PI3K-pathway modulation: 
- not restricted to PI3Kδ? -

immune cells:

PI3Kδ


Akt


mTOR

PI3Kδ/Akt inhibition:
potentiates ex-vivo cultured TILs and CAR-T cells: keeps cells less differentiated

Cancer Res. 2015:75: 2015:296

Blood 2014:124:3490

JCI Insight 2017:2:e95103

Front. Immunol. 2017:8:1221

Blood Adv. 2018:2:210 

NCT03139370: first clinical trial to incorporate Akt-inhibitor in T-cell manufacturing process



Science 2013:342:413

Science Transl Med 2018 Jul 11;10(449). pii: eaaq1564

immune cells:

PI3Kδ


Akt


mTOR

Immuno-suppression/activation by PI3K-pathway modulation: 
- not restricted to PI3Kδ? -



SUMMARY

many challenges remain for PI3K-pathway-based therapy to be effective in cancer:

1.   currently clinically-impactful PI3K inhibitors mainly act through non-cytotoxic mechanisms ?



SUMMARY

many challenges remain for PI3K-pathway-based therapy to be effective in cancer:

1.   currently clinically-impactful PI3K inhibitors mainly act through non-cytotoxic mechanisms ?

I. interference with cancer-type-specific biology:

→ breast cancer (PI3K):

• making hormone therapy work (better) 

→ B-cell leukaemia (PI3K, PI3Kδ):

• interfering with leukaemia-specific biology (pro-survival/homing/adhesion signals) (PI3Kδ)

• blocking supportive stromal cells (PI3Kδ)

• blocking crosstalk between leukaemic cells and stroma (PI3Kδ) 



SUMMARY

many challenges remain for PI3K-pathway-based therapy to be effective in cancer:

1.   currently clinically-impactful PI3K inhibitors mainly act through non-cytotoxic mechanisms ?

I. interference with cancer-type-specific biology:

→ breast cancer (PI3K):

• making hormone therapy work (better) 

→ B-cell leukaemia (PI3K, PI3Kδ):

• interfering with leukaemia-specific biology (pro-survival/homing/adhesion signals) (PI3Kδ)

• blocking supportive stromal cells (PI3Kδ)

• blocking crosstalk between leukaemic cells and stroma (PI3Kδ)

II. stimulation of a host anti-tumour immune response (PI3Kδ, PI3K)

2. go PI3K isoform-selective!



SUMMARY

many challenges remain for PI3K-pathway-based therapy to be effective in cancer:

HYPE CURVE

2018
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SUMMARY

anti-cancer effect 
of PI3Kδ-inhibitors

haem-onc solid tumours

direct yes, but not directly cytotoxic, rather: 
interference with antigen receptor 

signalling & interactions with stroma

↑ PI3Kδ expression upon breast cancer 
progression? 

(e.g. Cell Death and Disease 2018:9:678)

stromal •  stromal support cells 
• ↑ adaptive immune response

•  cancer inflammation 
• ↑ adaptive immune response 

PI3Kδ inhibition = small molecule approach to break immune tolerance in cancer



PI3K
PI lipid PI lipid

Growth factor

Receptor

Signalling
protein

Y

P

P P

P

P

ATP

P

PI 3-kinase (PI3K) in cell signalling

Signalling
protein

X

Signalling
protein

Z

cell cycle progression – migration – proliferation - …

MERGE the next 3 slides



PI3K inhibition in cancer may need a re-think

48

targeting PI3K in the cancer cell : CHALLENGING 

targeting PI3K in immune cells: cancer immunotherapy?

key question:  what to expect from PI3K inhibition? 

→ not cell death – cytostasis at best?
→ make other therapies work better?
eg. hormone therapy in breast cancer



class I PI3Ks

PIP3 lipid PTEN

protein kinases
(Akt, …)

mTORC1 ....

Tyrosine kinase,
GPCR, Ras, …

survival, proliferation, 
growth, migration, .…

....

........

1. role of PIK3CA mutation in cancer

2. update on PI3Kδ-based anti-cancer therapy

TALK:

Class I PI3K isoforms as drug targets in cancer



cytosol

PIP2

PIP3

Tyrosine

kinases,

GPCRs,

small GTPases

: often inactivated in cancer  PI3K pathways ‘on’

ras

= lipid phosphatase

PIK3CA mutations are 
very frequent  in solid 

tumours

Class I PI3K signalling in cancer

The PI3K pathway has been implicated in RESISTANCE to various anti-cancer therapies
including chemotherapy – radiotherapy - hormone therapy  - targeted agents 



development of class I PI3K inhibitors for cancer therapy
targeting individual or groups of class I PI3Ks

what can be expected 

of PI3K inhibition?

NORMAL PI3K

LOW PI3K

thus far: modest impact in solid tumours

- if effect: mainly cytostatic 
- insufficient PI3K target coverage
- issues with drug tolerability
- drug resistance

- intrinsic : negative feedback loops are very common
- acquired genetic resistance is common

- cells can live with very little PI3K activity
- PI3K mutations can be early (clonal) or late (subclonal) in tumour evolution



Cells can live with very little class I PI3K activity

cells can survive/proliferate with <10% of their class IA PI3K activity (!)

intercross kinase-dead 
class I PI3K knock-in mice

&
derive stable cell linesPNAS 2010:107:11381
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class I

p110/PIK3CA p110 p110 p110

class IIIclass II

C2 C2 C2 vps34

• act on the plasma membrane

• couple to cell surface signalling receptors

• implicated in cancer – metabolism –

thrombosis - immunity/inflammation - …

• act on endo-membranes

• regulate intracellular vesicular traffic 

• disease indications: ?

PI 3-kinase – a family of enzymes



54



in homozygous embryos:

p85 adaptor overexpression

↓

dominant-negative for all p110 isoforms?

p110 KO mice

(Bi et al. JBC 1999:274:10963)

PI3K gene deletion/KO → often:  - deregulation of PI3K subunit expression

- paradoxical results

p110

p110

p110

PI3K knock-out (KO) mice:



PI3K kinase-dead KI mice show phenotypes in heterozygous state
≈ drug action

56

PP PP PP

100 % 100 %
(i.e. no effect!)

50 %

WT KO heterozygote KI heterozygote

signal intensity:

wild-type PI3K
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PI3K kinase-dead KI mice show phenotypes in heterozygous state
≈ drug action

wild-type PI3K
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(i.e. no effect)

50 %
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58

wild-type PI3K inactive PI3K  (kinase-dead KI)

PI3K kinase-dead KI mice show phenotypes in heterozygous state
≈ drug action



PP PP PP

100 % 100 %
(i.e. no effect)

50 %

WT KO heterozygote KI heterozygote

signal intensity:

PI3K kinase-dead KI mice show phenotypes in heterozygous state
≈ drug action

inactive PI3K  (kinase-dead KI)wild-type PI3K

heterozygous KO expected to give phenotype ONLY 
when PI3K expression is limiting, relative to receptors



KO versus KI: 
KO allows compensation by non-targeted isoforms – milder phenotypes

Mouse Gene Targeting

  

  

 KI

  

 KO
 

 

no compensation 

by non-targeted 

isoforms

(stronger 

phenotype than KO)

compensation 

by non-targeted 

isoforms


