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The Pharmacological Audit Trail (PhAT)
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Yap, Sandhu, Workman & de Bono, Nature Reviews Cancer 2010



Updated PhAT Example: PARP inhibitors in BRCAT
or BRCA2 mutation carriers
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It ain’t over until the PhAT lady sings!
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Patient Enrichment/Putative Predictive
Biomarkers for PI3K/AKT inhibitors

* Mutation: eg PIK3CA, AKT
 Amplification: eg PIK3CA, AKT
* Loss of function: eg PTEN, INPP4B, PHLLP1, FBXW7

For Drug combinations eg MEK/AKT
* KRAS mutation



KRAS Mutant NSCLC: MEK and AKTI

January 2011 December 2011



KRAS Mutant NSCLC: MEK + AKTiI

October 2012 December 2012



Mutation detection

* Archival tissue
* Fresh tissue at treatment preferable
* Liquid biopsies



Case study: RMH Patient

« 72 year-old male with stage 4 pancreatic cancer with
hepatic and peritoneal metastases

« Multiple prior therapies

« PIK3CA and KRAS not mutated (plasma DNA analyses)

: L MR D AN PR §
» Loss of PTEN expression (tumor) CORE SRl T SAe

Molecular Biomarkers Group, The Institute of Cancer Research, UK



Case study - 60 mg QOD MK2206 PD

Tumor and normal tissue PD
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Case study

60 mg QOD MK2206 treatment:

* 50% shrinkage of the largest hepatic lesion after 4 months
on treatment, RECIST response of 23%

* ~60% decrease in CA19-9 tumor marker levels

Baseline 4 months post-treatment



Some Challenges

* Defining ‘cut off’ for patient selection
— Eg How much PTEN loss is enough? IHC/IF not quantitative

* Multiple genetic changes can activate pathway
— Eg PTEN wt may still be pathway activated

 Redundancy

— Eg If one inhibits p110beta in PTEN loss cancers will p110a
take over signaling? p110a mutation may not signal just
through AKT



Abiraterone Sensitivity & PTEN Loss (ESMO 2013

ABSTRACT ID: 2.930 The Institut §
e Institute o
The ROYAL MARSDEN I C Cancer Research
INHS Foundation Trust "
Clinical benefit on abiraterone acetate (AA) in patients (pts) with PTEN loss
castration-resistant prostate cancer (CRPC)

Omlin A Pezaro C, Reid A, Nava Rodrigues D, Riisnaes R, Miranda S, Tunariu N, Lorente D, Attard G, de Bono J
Prostate Cancer Targeted Therapies Group, The Royal Marsden NHS Foundation Trust and The Institute of Cancer Research, Sutton, Surrey

Introduction Patient Characteristics Examples of PTEN staining

The CYP17A1 inhibitor AA is an effective but costly Eaﬁmtwiihnur:]ﬂlETENWIHBin HS (primary prostate biopsy) and CR
Median age at diagnasis (years) 631 (11

treatment for CRPC, which is a molecularly | rf :W ' w579 16752 ssue (lymph node biopsy)

heterogeneous disease. It has been postulated that e

uprequlated AKT pathway signalling through PTEN lass

results in resistance to AA (Carver Cancer Cell 2011). We ECOG Perfurmanee status at Ad, N (%)
therefore aimed to evaluate the impact of PTEN loss on oY P e
the anti-tumour activity of AA in CRPC in an attempt to N — L
deliver more precise treatment for this disease_ e "‘Ef.jilm' B 16 0761 g
- al ) (4480 5
= Wisceral 1‘ [[]4]] 3‘(1?
Methuds Median PSA at AA (kg/1) nz ‘JH \3,111“-1;9
- Patients were identified from a population of men wﬂh —w( erformanen status at AN (5]
CRPC freated at the Royal Marsden NHS Foundation 70z 5(19)
Trust. Eligible patients had at least one tissue sample . ﬁ e L
available for analysis. =_NA 103) 1i4)
= All patients signed ethics approved consent. e uﬂ_unleN[%] 24 (90] 25[93)
- Tissue samples of hormone sensitive (HS) and oo Yl e
castration resistant (CR) disease were collected. Median PA 3t AR (/1) 13 i
Range 47 - B3HS 22 - 10335
PTEN Analysis ) Clinical Activity by PTEN loss

- Four uM tissue sections of formalin-fixed and paraffin-
embedded tissue were cut and immunostained for

PTEN (Cell Signaling Technology #9559) PTEN normal N=21 | PTEN loss N=14 Results
- Standard heat induced antigen retrieval methods was PSA decline N % N % - Patient-matched HS and CR tissue samples were available for 49 pts.
used as described earlier (Reid Mod. Pathology 2012). B o e : o - HS fissue showed staining consistent with PTEN loss in 25/49 pts (51%).
- PTEN was scored on a minimum of 100 cancer cells Time on AA T T 120 Foi56 - InCR samples PTEN loss was identified in 28/49 (57%).
per slide and an H-score was calculated for each Median Survival, m T a0 P64 = Heterogeneity was evident between HS and CR samples, with changed
patient sample. _ classification from PTEN normal to PTEN loss in 3 pts (6%) and conversely
- Hscore >30 was considered positive. Cases were PTEN normal N=31 | PTEN loss N=27 from PTEN loss to PTEN normal in another 3 pts (6%).
analysed only if positive intemal controls were p it :mﬁ““ 1"4 jﬂ 1"; j‘; - AA activity and survival data in 93 pts stratified by PTEN stafus are presented in
o0t 3 l‘n‘ A 2 the table 2 and show no difference in time on AA or median overall survival from
Abii P iteri Time an AA, m 54 50 P05 start of AA in both chemotherapy-naive and post-docetaxel patients. The rates
- Baseline clinical and laboratory variables were Median Survival, m 164 132 P=il 5% of PSA declines of 250% are also similar in all four cohorts.
collected from the hospital electronic record system .
- Biochemical response to abiraterone was defined as Overall Survival from Start of Abiraterone Conclusion
per PCWG2 and soft tissue responses were defined as i = PTEN-bss, pre-CTX - PTEN status does not significantly change with development of castration
per RECIST 1.1. _ == PTEN-N, pre-CTX resistance.
Statistical analysis 2, =~ PTEN-oss, post-CTX - AA retains significant activity in patients with PTEN loss, both in chemotherapy
*k Treatment duration and survival were estimated using g —— PTEN-M, postCTX naive and docetaxel pre-treated patients in our population.
* the Kaplan Meier method. [ - Further biomarker studies, including markers that associate specifically with
Descriptive statistics and survival analyses were 5 activation of the Pi3K/AKT pathway are urgently required.
NHS performed using IBM SPSS Statistics v20 (IBM). | : . . owledgements
o 1000 2000 000 el Rl Rilsnaes. Susana Miranda and
Days the FTTG i Feseard Frogram

Bottom Line: PTEN loss does not impact abiraterone sensitivity. Abi and enza combos ongoing
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Pharmacodynamic Biomarkers: Challenges

Key to Go/No Go decisions

— No target modulation — drug development termination
How?

— Normal tissue: Platelet rich plasma, hair follicles preferable

— Tumour tissue key.....but intrapatient heterogeneity
— Molecular imaging

How much knockdown necessary for tumour cell kill?
— Need for xenograft data

Feedback loops:
— Desensitization? Homeostatic feedback.



Other MAJOR Challenges

e Schedule selection

e Can we target tumour tissue enough?

— Does toxicity allow it? More selective inhibitors have
advantages as may be less toxic but may allow redundant
leakage of signal.

* pl110 beta inhibition may be preferable for PTEN loss cancers

e Selective p110 alpha inhibition may be preferable for PIK3CA
mutant cancers

Two examples of trials | have conducted of a p110a inhibitor and of an AKT inhibitor



Example 1: Skin rash with AKTi MK2206

Toxicity may limit drug dosing that inhibits intratumoral target hard enough

It may be easier to block normal cell target: Better drug distribution



MK2206: PK-PD
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* Long terminal half-life (t,/,) of 60-80 hours
e No substantial departure from dose-proportionality
e PK data support QOD and QW dosing



Normal tissue Pharmacodynamics - Platelet-rich plasma
(60mg QOD MK2206): How much is enough?!!!!11
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Paired t-test (predose vs treated) *p<0.05, **p<0.01, ***p<0.001 _
The Institute of Cancer Research, UK



Normal tissue Pharmacodynamics - Platelet-rich plasma
(QW MK2206): How much is enough?!!111!
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Tumor PD (MSD assay)
60 mg QOD (MTD)
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* Tumor pSer473 AKT decreased post-MK2206 in all 12 patients
* > 50% decrease of pSer473 AKT in 9 of 12 patients
» AKT target modulated in tumor

Clinical Development Lab, Merck and *Clinical PD Biomarker Group, The Institute of Cancer Research



Impact of AKT blockade by MK2206:
Feedback in cell lines and patient biopsies
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Schedule Selection

 Randomised Phase Il studies preferable comparable
schedule but not usually pursued

* Evaluation in Phase | studies in parallel cohorts
— Second best but better than not studied at all



Example 2: Pictilisib (GDC-0941) Phase |

* Drug designed by ICR scientists
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GDC-0941 (ng/mL)

Example 2: Pictilisib (GDC-0941) Phase |

* Drug designed by ICR scientists; outlicensed to

Genentech

PK-PD Data
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Dose of GDC-0941

All (100-450 mg)
(n=234)
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Mean %CFB SUVmax

Waterfall plot of changes in'8F-FDG-PET SUV___
grouped according to pictilisib AUC
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Responding Ovarian Patient

A Bagsing r— 49y old, platinum-refractory ovarian; 5 prior lines
A, , b of chemo; following pictilisib (100mg once-daily)
L e Ny T there was a 56% reduction in pS6 by IHC(tumour),
£ i a 30% reduction in mean SUV, _, (FDG-PET) and
,}:"% T serum CA125 fall (1214 to 400). Tumour analyses
T E— oS6 staining ' revealed PIK3CA amplification by FISH with PTEN
loss (IHC).
B C
30% decrease SUVmax in perihepatic disease CA125 Response Observed
8
g

o
Q

~— o
N

[

>

[}

Pre-treatment: 1214

| I
‘a
Serum CA125 Level (U/ml)
1500
|

. .
o
w
/ 400
Best post-treatment
. bt o

-150 -100 -50 0 S0 100 150

Study Day



Toxicity can also serve as PD biomarker
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Circulating Biomarkers

 Plasma: DNA, RNA, Proteins, Metabolome
 Whole blood: Expression Array Profiling
e Circulating Tumour Cells



Plasma: Next Generation
Single Plex

JS Frenel

DNA extraction from 2ml of Plasma

Quantification with Picogreen high sensitivity
Concentration of the sample

Targeted sequencing with the PGM lon Torrent platform:

- Input DNA of 10ng
- Sequencing of plasma DNA, germline DNA and tumor DNA

ESMO Mathe Translational Fellowship 38




PIK3CA FFPE and Plasma Sequencing Data:
80 Breast Pts Referred for Phase | Trials.

PIK3CA mutation data: NGS >500x coverage

Characteristic m %

Plasma Analyzed 76 95.0%
FFPE Analyzed 54 67.5%
PIK3CA Mutations 12 15.0%
Plasma PIK3CA 8/76 10.5%
FFPE PIK3CA 9/54 16.6%
PIK3CA in FFPE + Plasma 5 41.7%
PIK3CA in FFPE alone 4 33.3%
PIK3CA in Plasma alone 1 8.3%
PIK3CA in Plasma, no 2 16.4%
FFPE sample

Plasma DNA levels may be low missing mutations
Alternatively clonal evolution may mean new mutations evolve


http://bimatics.blogspot.com/2011/06/introduction-to-next-generation.html
http://www.chg.duke.edu/research/mgc/ngsequencing.html
http://www.imgm.com/index.php?id=landingpage0

Plasma: Next Generation Sequencing
Multiplex; average coverage >1000x

Patient DF, colon Cancer, C° 25.6 ng/ml

TUMOR PLASMA

Gene Type Var Freq | Coverage | Var Freq | Coverage
APC A1492fs*15 44 989 Not found

KRAS G112V 47 820 13 218
TP53 R248E 31 991 13 549
TP53 R158fs*11 50 825 23 446
ALK DEL TC>T | Not found 19 165
RB1 INS TA>ST 19 1252 16 393

Work conducted in de Bono lab by Jean Sebastien Frenel
(ESMO George Mathe Translational Research Fellowship)



Circulating Biomarkers

 Plasma: DNA, RNA, Proteins, Metabolome
 Whole blood: Expression Array Profiling
e Circulating Tumour Cells



SEOM

Sociedad Esparola
de Oncologia Médica

Back to back papers:
Lancet Oncology October 2012

Prognostic value of blood mRNA expression signatures in &
castration-resistant prostate cancer: a prospective,
two-stage study

A whole-blood RNA transcript-based prognostic model in i
men with castration-resistant prostate cancer: a prospective
study

David Olmas*, Darnisl Brewer, Jererny Clark®, Daniel € Darila Chris Porker, Gerhard Attard, Martin Flisher, AlisonH M Reid, Elena Castra,
bt 1 s, Mattiess D Gafsky®, Howand | Scher, jap Magidsar, Karl Wassmann, Greo- St Mar Lee, Leak katz, Sumit £ Subudhi,

ShahmeenK Sandhy, Loraine Barwell, Nikhil Babu Oommen, Suzanne Carreira, Charles G Drake, Robert Jones, Colin'S Coaper, Howard I Scher,

Johann § de Bono Ascem Anand, Martin Fleisher, Phillp W Kaneff. Witiam K Oh

Summary Summary o ) " ) ) o ) _
Background Biomarkers are urgently needed to dissect the heterogeneity of prostate cancer between patients to  Publisned Orline jraund Sury patients with c ek oo 2 - the
improve treatment and accelerate drug development. We analysed blood mRNA expression arrays to identify patients Ocioberd 2012 ofa RNA modelasa in castration-resistant prostate cancer

Bttp e doi.org 101016/
SUFO- 204512703728

Methods Whole blood was collected into PAXgene tubes from patients with castration-resistant prostate cancer and xﬂ,’:‘:;:;mzw

patients with prostate cancer selected for active surveillance. In stage 1 (derivation set), patients with castrations 5170 2085(12j70308 4
resistant prostate cancer were used as cases and patients under active surveillance were used as controls. These 0 b8 and)Ccontribueed
patients were recruited from The Royal Marsden Hospital NHS Foundation Trust (Sutton, UK) and The Beatson West  sguslly
of Scotland Cancer Centre (Glasgow, UK). In stage 11 (validation-set), patients with castration- resistant prostate cancer DrugDevelopment Unit. The
recruited from the Memorial Sloan-Kettering Cancer Center (New York, USA) were assessed. Whole-blood RNA was  Royal MardenhHS Foundation
hybridised to Affymetrix U133plus2 microarrays. Expression profiles were analysed with Bayesian latent process Lo snn
decomposition (LPD) to identify RNA expression profiles associated with castration-resistant prostate Cancer sgsudwMD,
subgroups; these were then confirmed by quantative reverse transcriptase (qRT) PCR studies and correlated ¥ 2 0ommentD,
with overall survival in both the test-set and validation-set. Prof) 5 e Bono MO Sectionaf
Medicine (D Otmos GAttand,
AHMBe § K Sandw,
Findings LPD analyses of the mRNA expression data divided the evaluable patients in stage I (n=94) into four groups.  scameia P, |5 deflona)
All patients in LPD1 {14 of 14} and most in LPD2 {17 of 18) had castration-resistant prostate cancer. Patients with Secton of Molecular
castration-resistant prostate cancer and those under active surveillance comprised LPD3 (15 of 31 ¢ resi: = .
prostate cancer) and LDP4 (12 of 21 castration-resistant prostate cancer). Patients with castration-resistant prostate Department
cancer in the LPD1 subgroup had features associated with worse prognosis and poorer overall survival than patients g CasmMD) The Institue of
with castration-resistant prostate cancer in other LPD subgroups (LPD1 overall survival 10-7 months [95% €1 CaneerResearch, Sutton, UK:
4.1-17.2] vs non-LPD1 25.6 months [18.0-33.4]; p<0-0001). A nine-gene signature verified by QRT-PCR classified SlinicReearch Frogramme,
patients into this LPD1 subgroup with a very low percentage of misclassification (1-23%). The ten patients who were | Certrs, Mackid, Sgmin

with metastatic castration-resistant prostate cancer with poorer outcomne.
Methods Peripheral blood was prospectively collected from 62 men with castration.resistant prostate cancer on

o ik Carmment!
various ireatment regimens who were enrolled in a training set at the D:na-rarber Cancer Institute munm MA, ey w”,,mmg,

USA) from August, 2006, to fune, 2008, and fram 140 patients with inavalidation s 20 N

set from Memorial Slaan Ketiering Cancer Center (New York, NY. USA) from August, 2006, to February, 2009, A o mdine. corsbusnd
panel of 168 i d and p | genes was assessed with optimised quantitative POR o byt spert
assess biomarkers predictive of survival. homof SlbiTomer
Urciogy, Domartmiess of
N . . dicine, arbes
Findings A sixgene model |consisting of ABLZ, SEMASD, ITGAL and CIQA, TIMPIL, CORNLA) scparated paticnts e swmn o vor

with castration-resistant prostate cancer into twa risk groups: a low.risk group with 2 median survival of more than 5w s o smieern,
34.9 months {median survival was not reached) and a high-risk group with a median survival of 7-8 months (955 C1 -Gt bl Wi
1:8-13.0: <0.0001). The prognostic utility of the six gene model was validsted in an independent cohort. This model e
was associated with 3 significantly higher area under the curve I with a clini ical madel .

(0-90 [95% C1 0, 78=0-96] vx 065 [0:52-0, FR]; pell-0067).

5 b L, L ana P amoTL:

Imtrplet:mml ‘Transcriptional profiling of whole blood yields crudal prognostic information about men with
castration-resistant prosiate cancer. The sixgene |l supgests possible dysregulation of the immune system, a
finding that warrants further study.

) Clask PRI, Prof S Comper PRD).
Cancer

ISR (W Cabicy DL

FoE W E D ARDIL Gerimaurinay
Orotoaty Service, Bepatment
of Mndicing, Memorial

Shoan Ketzering Carcer Canter,

Funding Source MIDX.

initially unclassifiable by the LPD amlyss were subclassified by this

We confirmed the wiliyy

Intraduction

plastic tissue, might alter the gene expression of blocd

Hew Vi, MY, L5A

of this nine-gene signature in the cer cohort, where LPD1 membership was  Oncology Service, Castration resistant  prostate cancer is a2 strikingly cells, Indeed, recent studies have shown fhat gEne :‘;”;;:;:m
alsnassnd.lkdwﬂhwursemmllﬂmha] (1.?1)19 2 months [95% C1 2-1-16-4] ssnon LPD1 21-6 months [7-5-35 -6 froerresoar oo, heterogeneous disease state that affects patients with  expression prafiling of peripheral blood cells could yield | Cm LS EERT
p=0-001), and remained an ind factor in analyses for both cohorts. varying metastatic burden and sympioms.’ A= a result af i Vout, MY, USA, (1 Scher,

Interpretation Our results suggest that whole-blood gene profiling could identify gene-ex| that

this heterogeneity, the overall survival of patients with
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Circulating Biomarkers

 Plasma: DNA, RNA, Proteins, Metabolome
 Whole blood: Expression Array Profiling
e Circulating Tumour Cells
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Evaluation of PTEN status in circulating tumor cells (CTCs) and matched
tumor tissue from patients with castrate resistant prostate cancer

1Ganentech, San Francisco, CA  ZEpic Sciences, Lalolla, CA  *The Institutz for Cancer Research andthe Royal Marsden, Sution, L

) - ity - g 2 : nd tissue samples are available for PTEM znalysis in 8 pafients. PTEN status
;:t‘;rr.';:ga?:;\raﬁlgrglriissl'fiingnnt:aszﬁp‘a‘ss;;rtnl‘"ﬂgthnetermlnes Sned PTEM FISH accay is 75% [3/d) concordant with PTEM FISH recults from
PTEN status could provide a nondnvasive rezltime < 5 omozvaous 1o ( h results from metastatic bone biopsies.
o Meterongous lovs 1 PTER-Mormal -

evaluation in the metastatic setting that leads to informed Mancomy 10 | Diplsid

compare these results to primary tissue and metastatic
bone bispsies.

patients was plaled onte glass slides and I
rtnkeratm C czlls by immunoflucrescence staining
hybridization (FISH) using probet against chomezome 10 centromere (C EPIDIanﬂ PTEN.
py number} for PTEM and CEP10 were scored as PTEN-Hormal, l:ells
re zcored az heterozygeus PTEMles:, and cellz with ne PTEN signal

homozygous PTEN-loss. Scoring of FTEM status on white bloed cells (WBC s used as internal control,
and defined the rate of PTEM false positives (FP) across all samples. Based on a 10% FP rate, samples with
# 10% loss and = 3 CTCs exhibiting the abnormal genotype were categorically called heterozygous or
homozygous loss.

Atlas™ Software

otk Araals L

Patent 14

Conclusions

Qur results show that PTEN status determined by C anal\rsls comelates strongly with matched
metastatic biopsies. This data illustrates the potential for using % 35 a noninvasive real-time biopsy to
determine a patients PTEN status. |HC, FISH and CTC zssays are used to determine PTEM status in an
5 caqa = PEAIFTEN & = . angeing AKT Inhibiter Phase 1071 trial.
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Overview

The PhAT

Predictive biomarkers
Pharmacodynamic biomarkers
Circulating biomarkers

Clonal evolution



Clonal Evolution

* Genomic instability — intra-patient heterogeneity

* Drug resistance may be related to emerging clones

— But drug may still have had antitumour activity imparting
benefit against some clones

* We need to study this in more detalil
— Circulating biomarkers

* CTC, plasma DNA, molecular imaging



CTC PTEN Loss: Intrapatient Heterogeneity

* PTEN loss in fresh CRPC biopsies always seen in CTCs
— We are utilizing CTC PTEN analyses in RP2 AKTi trials

Other
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Cell Free DNA as a Biomarker
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Analysis of Circulating Tumor DNA
to Monitor Metastatic Breast Cancer

Sarah-Jane Dawson, F.RA.CP., Ph.D., Dana W.Y. Tsui, Ph.D.,
Muhammed Murtaza, M.B., B.S., Heather Biggs, M.A_,

Oscar M. Rueda, Ph.D., Suet-Feung Chin, Ph.D., Mark ). Dunning, Ph.D,,
Davina Gale, B.Sc., Tim Forshew, Ph.D., Betania Mahler-Araujo, M.D.,
Sabrina Rajan, M.D., Sean Humphray, B.Sc, Jennifer Becg, Ph.D.,
David Halsall, M.R.C.Path,, Ph.D., Matthew Wallis, M_B., Ch.B_,
David Bantley, D.Phil, Carlos Caldas, M.D., F.Med.5di.,
and Mitzan Rosenfeld, Ph.D.

ABSTRACT

BACKGROUND

The management of metastaric breast cancer requires monitoring of the wmor
burden to derermine the response to trearment, and improved biomarkers are needed.
Liomarkers such as cancer antigen 153 (CA 15-3) and circulating mmor ce!'s have
been widely smdied. However, circulating cell-free DHA carrying mmor-specific
alterations (circulating rumor DHA) has not been exeensively investigated or com-
pared with other circulating biomarkers in breast cancer.

METHODS

We compared the radiographic imaging of mmors with the assay of circulating numor
LMA, CA 153, and circulating tumor cells in 30 women with merastaric breast
cancer who were receiving systemic cherapy. We used rargeted or whole-genome
sequencing to identdfy somaric genomic alterations and designed personalized assays
t0 quantify circulatng umor DMA in serially collected plasma specimens. CA 15-3
levels and numbers of ciroulating rumor cells were measured at identical Bme
points.

RESULTS

Circularing rumor DHA was successfully detected in 29 of the 30 women (974%) in
whom somatic genomic alterations were identified; CA 15-3 and circulating rumor
cells were derected in 21 of 27 women (78%) and 26 of 30 women (B7%), respec-
tively. Ciroulating umor DNA levels showed a greater dynamic range, and greater
correlation with changes in umor burden, than did CA 15-3 or circu!aring rumor cells,
Among the measures rested, circularing mmor DNA provided the earliest measure
of treatment response in 10 of 19 women (53%).

COMCLUSIONS

This proofof-concept analysis showed that circulating tumor DA is an informa-
tive, inherently specific, and highly sensitwe biomarker of metaseatic brease cancer.
(Funded by Cancer Research UK and others.)



CTC count and PSA

Emergence of AR L702H on treatment is not
the only mechanism of resistance in CRPC
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Conclusions

Pharmacological Audit Trail requires the utilization of multiple
types of biomarkers

— Predictive: PIK3CA or AKT mutation; PTEN loss etc

— Pharmacodynamic: phospho-protein analyses; FDGF-PET,; toxicity

Drugs targeting PI3K/AKT pathway have modest antitumour
activity as single agents but have activity with MEKi against
some KRAS mt cancers

Concerns remain that toxicity may limit intratumoral target
blockade and antitumor activity

Circulating biomarkers have much promise in the study of the
PhAT and clonal evolution



