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The pharmacological landscape of the MAPK pathway
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PK/PD correlations and dose selection: dabrafenib as a paradigmatic case

Dabrafenib was administered orally once, twice (BID), or three times daily (TID).
No MTD was defined. A recommended phase Il dose (RP2D) was chosen based
on safety, pharmacokinetic, pharmacodynamic, and response data.
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The Devil is In the Detalls:

RAF inhibitors and Pharmacological properties

,Drugs with “unique” properties
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In vitro Comparison of the targeting efficacy of marketed inhibitors.
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Indirect comparison of vemurafenib and dabrafenib in patients with BRAFV600 mutant metastatic melanoma
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16,000 1 Dabrafenib and PK interactions
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Encorafenib. A BRAFi with special pharmacological properties
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The dissociation half-time represents the time needed for half the ligands to
dissociate from the receptor to which they were initially bound.

Dummer R, ASCO 2013



Encorafenib. A BRAFi with special pharmacological properties
Metabolic induction

Mean Blood Concentration Over Time After LGX818 QD Treatment
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Day 15 exposures were consistently lower (30%-60%) than those on day 1,
probably due to induction of CYP enzymes

A case for pulsatile therapy?



Pulsatile therapy with BRAFi?

Clinical observations
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Pulsatile therapy with BRAFi?

Preclinical observations
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Tumor volume

Pulsatile therapy with BRAFi?
The hypothesis
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The links after "Participants” show which SWOG institutions are eligible to participate in this study.

The arange "Where is This Study Open?” tab at the bottom of the page shows the institutions whose Institutional Review
Boards (IRBs) have approved the protocol so that it can be opened at that institution. Clicking on the Institution Name will
show the points of contact for information about this study at that institution.

§1320 - Phase Il

A Randomized Phase Il Trial of Intermittent Versus Continuous Dasing Of Dabrafenib (NSC-763760) and Trametinib (NSC-
T763093) in BRAFVE0O0E/MK Mutant Melanoma

ClinicalTrials.gov Registry Number: NCT0O2198730

Treatment: Dabrafenib, Trametinib Dimethyl Sulfoxide

Research Committee: Melanoma
Study Coordinator(s): Alain F. Algazi, M.D.

Participants: ALL NATIONAL CLINICAL TRIALS NETWORK MEMBERS, CTSU

Eligibility Criteria: Patients must have histologically or cytalogically confirmed Stage IV or unresectable Stage Ill BRAF
WE0OE or BRAF WE00K mutant melanoma; BRAF mutation must be determined by FDA approved BRAF mutation detection
assay; BRAFVE00 mutant status must be documented by a CLIA-cerified laboratory; Patient must have CT scan of neck,
chest, abdomen and pelvis within 28 days prior to registration (a whaole body PET/CT scan with diagnaostic guality images
and intravenous iodinated contrast may be used in lieu of a contrast enhanced CT of the neck, chest, abdomen and pelvis
within 28 days prior to registration). Tests to assess non-measurable disease must be performed with 42 days prior to
registration.

Activation Date: 7/22/2014

Experimental: Arm | (continuous
dosing) Dabrafenib PO BID and
trametinib PO QD

Experimental: Arm Il (intermittent dosing)
Dabrafenib PO BID and trametinib PO QD
on days 1-7 and 29-56.

aimer | Copyright @2000-2015 SWOG. All rights reserved.

] = . SWOG is FISMA Certified
Design by nuMedia Group Inc. | Hosting by WorldPost Technologies, NIST .

utation



24 Gen RAFj, “Paradox-breakers”: PLX8394 / PLX7904
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“Paradox-breaking” BRAFi: PanRAFi

CCT196969
CCT241161
PLX7904
LY3009120

«2"d generation pan-Raf inhibitors inhibit A-, B-, and C-Raf

Minimal paradoxical pathway activation in B-Raf wild type
background, avoiding skin side effects (such SCC)

*Being active against monomers, inhibit BRAF V600E cells and
nonV600E/K mutant tumor cells

May be active against vemurafenib- or dabrafenib-resistant cells:

*Being active against Raf homodimers, inhibit p61BRaf and
KIAA1549-BRAF splice variants

*Being active against Raf heterodimers, inhibit Nras & Kras
mutant cells.

Chen YH, Oncogene 2013
Peng SB, AACR 2014
Girotti MR et al. Cancer Cell 2015



MEK inhibitors

BRAF/MEKI:
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66
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Family tree of MEK inhibitors

Toxicity

1st Generation C I 1 040

Sept. 18, 2000

l

2nd Generation PD 0325901 AZD-6244

better biological/pharmaceutical properties
more potent against MEK1 and MEK2

3rd Generation

E-6201 ARRY-300 RDEA-436 AZD-8330 Efficacy

AS-703026 RDEA-119 RO 4987655 XL-518 GSK1120212
BAY 86-9766 GDC-0973 MSC1936396

From Pat Lorusso



Pharmacology meets combination strategies

...Dual combinations
...triple combinations

uuuuuuuu



Mechanisms of resistance to BRAFi and potential combos

Cell proliferation and i :
tumor growth ‘and Tumor growth

Girotti, M.R., et al., Molecular Oncology (2014)



Dual combinations BRAFi+ MEKi: Comparison of G3 toxicity
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Other combos

PI3K/AKT/MTORi + MEKi

PI3K/AKT/MTORi + BRAFi

EGFRi (and other surface receptors)+ MEKi

EGFRi (and other surface receptors)+ BRAFi
Immunotherapy (anti CTLA4, antiPD1/PDL1) + BRAFi
Immunotherapy (anti CTLA4, antiPD1/PDL1) + MEKi
HSP90i + BRAFi

METi + BRAFi

CDKi + BRAFi

VEGFRi + BRAFi

FGFRi + BRAFi



Logic 2: A phase I, multi-center, open-label study of sequential LGX818/MEK162
combination followed by a rational combination with targeted agents after progression,
to overcome resistance in adult patients with locally advanced or metastatic BRAF V600

melanoma

BRAFV%%0 melanoma

+ PI3Ki
elapse/ > BKM120
]
ﬁ - FGFRI
Bi — BGJ398
iopsy
]
+ cMETi
—> INC280
]
Identification of putative resistance
mechanisms to BRAF/MEK combination + CDKi
—> LEEOO1

and assign pts to rational triple
combination

Clinicaltrials.gov: NCT02159066



* Encorafenib (BRAFi) + cetuximab (Anti-EGFR Antibody) +/- BYL719 (a-

specific PI3K inhibitor) in Patients with BRAF V600E Mutated Colorectal

Cancer
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van Geel Robin M, 2014: Bendell J, ASCO 2014



Cross-Study Comparison of Phospho-ERK Modulation Between DUAL
(D+P, D+T) vs TRIPLE (D+P+T) Therapy in CRC and Monotherapy (D)
Therapy in Melanoma
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Rx D+P D+T D+P+T D
Tumor CRC CRC CRC Melanoma
Mutation BRAF mut BRAF mut BRAF mut BRAF mut
Study # MEK116833 BRF113220 MEK116833 BRF112680

Comparison of p-ERK modulation using dabrafenib based combination therapies in BRAFm CRC and BRAFm melanoma.
Treatment in BRAFm CRC was dabrafenib (150 mg BID) , trametinib (1.5-2 mg QD) and/or panitumumab (4.5-6 mg every
two weeks). Treatment in BRAFmM melanoma was dabrafenib (70 -200 mg BID). Average +/- SD for median pERK decrease
in CRC was D+P (n=7): -11 % (x 35.7%), -28; D+T (n=9): 47 % (* 24 %) , -36.7%; D+P+T (n=2): -84 (+ 14%), -84%.
Average +/- SD for pERK decrease in melanoma was D (n=8): 76 % (£ 20 %), -84%.

Bendell J, ASCO 2014



New Kids on the block...

...ERKIi
...targeting KRAS
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PanRAFi
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ERKI

* In vitro profiles of ERK inhibitors can differ
* Effects on phospho-ERK levels vary between different ERK inhibitor series:
Most chemical series show rapid and sustained increase in phospho-ERK
GDC-0994 has little acute effect on phospho-ERK in vitro

In contrast SCH772984 is reported to decrease phospho-ERK (cancer Disc. 2013;
3:742)

* Inhibition of phospho-p90RSK correlates well with biochemical potency

* Biochemical activities(kinetic differences in phosphorylation and
dephosphorylation of ERK) of diverse ERK inhibitors suggest a range of
conformational effects

HCT116 (KRAS CRC) GDC-0994 ERKi # 2

1 hr treatment 0 0010040103 1 00010040103 1 MEK

p-Erk1/2 (T202/Y204) - - phERK
- mm |
’ ~ " p 'p 90RSK




PanRAFi

Inhibitors of membrane
association '
Minerval
FTls

GGTls
Deltarasin

Mutation Specific
Direct KRAS inhibitor G12C

Targeting RAS at RNA level
Anti-sense oligonucleotids
SiRNA
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SsiRNA

Allosteric
inhibitors

EINAS

Mutant KRAS is a druggable target for
pancreatic cancer
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Pancreatic ductal adenocarcinoma (PO regresents an unemiet ther-
apeutic challange. POA i addicted to the activity of the mutated
KR#5 cncogen which is considared so far an undruggable thera-
peutic target, We propose an appraah to target KRAS effectively
in patients using RNA mterference. To meet this challenge, we
have developed & local prolonged siRNA delivery system {Local
Drig EhrteR, LODER) shedding siANA against the mutated KAAS
{53120 LODER). The 5iG12D LODER was assessed for its structural,
redease, and delivery propertes in vitro and in vive. The effect of
the %G120 LODER on tumor growth was assessed in s.c. and

periods of time, neduction of side effects, and oost reduction
{13} A promincot methed of controlling the release rate of
adrug in & pharmzeeutical dosape is 10 embed the active agent
within & polymeriz mates (14, 15, The polymer must be bio-
compatible, and in the case of parenicral administration, prefer-
ably biedepradable, to avoid the need w rermove empty nemaants,
In the present stedy, we exploied the slow-release charac-
teristics of the biodegradable palymer matrix, which we named
local drug eluter {LODER) or the treatment of solid tumaors,

A

A

chemotherapy for locally advanced pancreatic adenocarcinoma.
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K-Ras(G12C) inhibitors allosterically control GTP
affinity and effector interactions

jonatham M. Ostrem™®, Ul Pesers™®. Martin L. Son
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Direct KRAS targeting
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Khvalevsky EZ, PNAS 2013
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Inhibitors of membrane association of KRAS
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Smart downstream inhibition: MEKi+ERKi combo

RAS-mutant

GDC-0994 + Cobimetinib
& Cobimetinib (2.5 uM)

H2122, KRAS NSCLC

ERKi #3 + Cobimetinib
= Cobimetinib (2.5 uM)

GDC-0994 + MEKi GDC-0623

» GDC-0623 (0.16 uh

1004

[
=1
1

ATP signal, % control

A

B GDC-0994 (10 yM)B
4 Combo IS

=]

2-fold dilutions

800
600
400

[0)]
£
Cytoplasmic wg 300
Transcription [| SlLEsiElcs £ 3
90RSK =
(p ) S S 200
5o
gg 100
|_
BRAF-mutant S
R
-100

ATP signal, % conl

o
=]
1

=)

B ERKi#3 (10 uM)
a Combo

B GDG-0994 (10 uM)

1004 4 Combo

ATP signal, % control
(5]
T

A

2-fold dilutions

=)

"
T L T T T T T T T T T

2-fold dilutions

QD x 7 days (PD study)

Il Vehicle

[l Cobimetinib, 5 mg/kg

Il GDC-0994, 60 mg/kg

O ERKi#2

[l Cobimetinib, 5 mg/kg + GDC-0994, 60 mg/kg
[ Cobimetinib, 5 mg/kg + ERKi #2

&

RAS |

A375, BRAF melanoma

» Cobimetinib (20 nM

# Cobimatinib (20nM)

+ (GDC-0623 (8nM)
m  GDC-0994 (320 nM)
4 Combo

g e m ERKI#3(B40nM) 5
£ 1004 m GDC-0994 (320M) = 4o = SR %100_
3 4 Combo ] 5
S £ °
Téa 509 E 504 g oo
@ B 5
o o o
< = =
" —T—TTTTT -t T 0
Cytoplasmi o .
S Jg 2-fold dilutions 2-fold dilutions
Transcription JEe=lleEiEICE
(P9O0RSK)

2-fold dilutions

Moffat, J et al.
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