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 DISCLAIMER

Participants have an implied responsibility to use the newly acquired information to
enhance patient outcomes and their own professional development. The information
presented in this activity is not meant to serve as a guideline for patient management.
Any procedures, medications, or other courses of diagnosis or treatment discussed or
su%gested in this activity should not be used by clinicians without evaluation of their
patients’ conditions and possible contraindications on dangers in use, review of any
applicable manufacturer’ s product information, and comparison with
recommendations of other authorities.

 DISCLOSURE OF UNLABELED USE

This activity may contain discussion of published and/or investigational uses of agents
that are not indicated by the FDA. Thedalanners of this activity do not recommend the
use of any agent outside of the labeled indications. The opinions expressed in the
activity are those of the faculty and do not necessarily represent the views of the
plannérs. Please refer to the official prescribing information for each product for
discussion of approved indications, contraindications, and warnings.

Learning Objectives

Upon completion of this activity, participants should be better able to:

* Describe the PI3K pathway, and the significance of the PIK3CA
mutations in HR+/HER2- breast cancer

* Analyze data supporting the use of PI3K inhibitor treatment
strategies for HR+/HER2- advanced or metastatic breast cancer

* Discuss the important of precision medicine and genomic testing to
identify patients with PIK3CA mutations who would benefit from
treatment with a PI3K inhibitor

]

P Hereis a disclaimer and

disclosure indicating that we
may be discussing off-label use
of approved agents or agents
that are in development.

P Here are the learning

objectives for this activity.
Today we will review the
most recent clinical data
and provide expert insights
on phosphoinositide-3

(PI3) kinase inhibitors for
the treatment of hormone
receptor-positive/human
epidermal growth factor
receptor 2 (HER2)-negative
advanced or metastatic breast
cancer.
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Medical Education

Would You Agree That We Are
Finally Entering an Era of
Precision Medicine for
Advanced/Metastatic Breast
Cancer Beyond HER2 Testing?

Precision Oncology in Breast Cancetr:
 Where Are We?

* BRACAnalysis®

o Oncotype Dx® F Q‘E-';:;sj“vit = _ PR positive
* Breast Cancer Index Eoiy

¢ MammaPrint®
* EndoPredict S
« PAM50,/Prosigna® w

* FoundationOne® CDx
* Tempus

* Caris Life Sciences

* Guardant360

HER2

ER, estrogen receptor; FISH, fluorescence in situ hybridization; HER2, human epidermal growth factor receptor 2; IHC, immunohistochemistry; PR, progesterone receptor.

» Would you agree that we

are finally entering an era

of precision medicine for
advanced metastatic breast
cancer beyond HER2 testing?

Ingrid A. Mayer, MD:

Good morning, and thank

you for having me here

today. | certainly agree

with that. | think right now

we are definitely in an era
where precision oncology

has permeated oncology, in
general, and certainly breast
cancer. We now have been
using BRACAnNalysis to detect
cancers that have BRCA
mutations since we have

poly ADP ribose polymerase
(PARP) inhibitors for direct use
in metastatic disease.

We've been using signatures,
in the early setting, to detect
the benefit or lack of benefit
to chemotherapy in addition
to endocrine therapy. So
signatures such as Oncotype
DX, Breast Cancer Index,
MammaPrint, EndoPredict, and
so forth. And in the metastatic
setting, several of us have
been using profiling such

as FoundationOne, Tempus,
Caris, Guardant, and numerous
others to detect potential
actionable mutations that may
be able to guide therapy in
and out of a clinical trial for
patients.
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» So, the reason we would
. . want to do genomic profile
Cancer Genomic Profiling: Why Do It? is because we do want to

detect meaningful alterations

that could guide treatment

* Can identify clinically meaningful alterations that could guide decisions in patients with
targeted treatment decisions in patients with breast cancer breast cancer. And these
* Breast cancer genomic alterations can evolve over time alterations can evolve over

time. Some patients are
born with a tumor, and some

acquire them with time.
> . > & However, what has become
Residual Treatment v 4 quite clear is that when you
disease resistance  Resigual treat a cancer earlier on
lethal . L
Cancer disease some of the residual disease

that may happen—either
MICroscopic or Macroscopic

Adapted from Amedos etal. Nat Rev Clin Oncol. 2015;12:693-704. e

in the setting of neoadjuvant
disease—may reflect what the
metastatic disease will look
like. And then we look, actually,
very different at what the
primary cancer was to begin
with.
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Targetable (and Common!) Mutations in Breast Cancer
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rerrt 1w |
ESR1 « ||
eresz e [[JEIEILCH

Genetic Alteration I Amplification l Deep Deletion  ® Truncating Mutation (putative passenger) * Inframe Mutation (putative passenger)

® Missense Mutation (putative driver)

ESR1 mutant %
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3.6% (1/28) P =0.0002
8.3% (2/24)
36%

0% (0/32)

Adjuvant Al only

Adjuvant and Met Al
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No Al

Al, aromatase inhibitor; Met, metastatic.

TCGA (mostly primary tumors)
Schiavon et al. Sci Trans| Med. 2015;7:313ra182.

® Missense Mutation (putative passenger)

P So there are now several
targetable and common
mutations in breast cancer.
The most common one is
a mutation in the PIK3CA
gene, which is a gene that
codes for protein in the PI3
kinase signaling pathway.
That is followed by HER2
amplifications, which |
didn’t list in there because
everybody’s aware of them,
and they comprise about 30%
of the breast cancers we see.
But there are other common
alterations such as FGFR]
mutations, which can happen
in up to 14% of early tumors.
ERBB2 mutations are not the
same as amplifications; these
are mutations that happen in
the HER2 gene, and they are
quite common in estrogen
receptor (ER)-positive lobular
cancers.

And then, of course, there

are ESRT mutations, which

are actionable and are very
uncommon mutations early
but can comprise up to 30%
of the cases in the metastatic
disease once patients get
exposed to endocrine therapy
in the adjuvant setting.
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Genomic Profiling in Tumor or in the Blood?

Metastatie disease

« High agreement PIK3CA mutations in
a study of metastatic breast cancer
patients between primary tissue and
temporally matched ctDNA

Tumor Profiling?2:

Requires an invasive procedure
Enough tumor material?

Issues with tumor heterogeneity « 72.5% agreement between

unmatched archival tissue and ctDNA
for PIK3CA mutation®

“Higgins et al. Clin Cancer Res. 2012;18:3462-3469.
2 Jamal-Hanjani et al. Clin Cancer Res. 2015;21:1258-1266.
3Jahr et al. Cancer Res. 2001;61:1659-1665. Image recreated from Crowley et al. Nat Rev Oncol. 2013;10:472-484.

® Healny
tissue

@ Rod
@ Endotholal cell
Ghromosome

Blood cfDNA and ctDNA Profiling3:

Small fragments on nucleic acid from cells that
originate from all metastatic sites

Lower sensitivity

May correlate with tumor burden

P So, the big question is now that

we not only have the availability
to profile the tumor, but also
profile the “blood” (so cell-free
DNA in the blood), what should
we be doing? Should we be
profiling the tumor or the blood,
and what are the advantages?
So the big disadvantage of
tumor profiling, obviously, is
that it requires an invasive
procedure. So, you'd have to
biopsy either, unfortunately, at
locations such as the lung or
potentially the liver, which is

a little bit easier. And if we're
fortunate to get something like
a skin match or a lymph node,
that certainly is easier.

However, if we're going for

a tougher site, we may not

get enough material. And,
obviously, we may be dealing
with tumor heterogeneity
because not all metastases are
created equal. The newer ones
may have acquired mutations
that the first metastasis may
not have. So that’s, potentially,
one advantage of performing
liquid biopsies, in which we are
detecting small fragments of
DNA in the blood that originates
from all the metastatic sites.

The advantage there is that
you've got a bigger composite
of what the cancer looks like
and the prevalent mutations
that may be common to all
metastases. The problem,
though, is that the sensitivity

is lower, and it does, to some
extent, correlate with tumor
burden. Because the bigger the
tumor burden, the easier it is

to detect cell-free DNA. But be
it as it may, both are now valid
and available from a standard of
care point of view. And | think
you just have to choose which
one would fit the patient profile
a little better.
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In terms of PIK3CA mutations,
there is a high concordance
between what we see in

the primary tissue in the
metastatic setting. So in the
absence of being able to do a
biopsy, you could, potentially,
use the primary tissue from
let’s say a lumpectomy or
mastectomy to detect a
PIK3CA mutation in the cancer
and potentially complement
that with blood cell-free
DNA. And overall, there’s an
approximate 72% agreement
between unmatched archival
tissue and cell-free DNA for
the PIKZCA mutation.

210 » Dr. Mocharnuk:
éedta.m Dr. Mayer, can you provide
an overview of the PI3 kinase
pathway and its involvement
in resistance to anticancer

Can you provide an overview of the therapy? And can you tell
i i i us about the distinct tumor
PI3K. pathway and_lts involvement in o lomy of PIKSOA muttion-
resistance to anticancer therapy? positive breast cancer?

What is the distinct tumor biology
of PIK3CA mutation-positive
breast cancer?
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Phosphoinositide 3-Kinase Pathway

Confers malignant transformation, tumor invasion, enhanced angiogenesis and survival, drug resistance

Growth factor receptors Tumor type and
i Pathway alterations

\ /ﬁ l l p110a oncogenic mutations:
Tl 37% Endometrial
.‘f’ (IEE piaK l 30%-40% Breast
@ B \ 25% Colon
‘ “““““ ==K sours — @ 13% Bladder
= \ > : PIK3CA amplified:
//Z @ / 30% ovarian, lung
[Gyemor] — [Forena (B2 PTEN mutantflost:
[l ‘ TN breast, prostate, glioblastoma,

melanoma, pancreatic, endometrial,
ovarian, lung, head and neck,
hepatocellular, thyroid

Tl oyom proresson N
and proliferation

Glucose
metabolism.

A%’J.Q
Jabbour et al. Haematologica 2014;99:7-18. IavaySd
COSMIC Catalogue of Somatic Mutations in Cancer. http://cancer.sanger.ac.uk/cosmic. -

PI3K Pathway Activation in Breast Cancer

* PI3K pathway activation has been associated with antiestrogen resistance in ER+
breast cancer

* RPPA analysis of PI3K pathway activation was predictive of poor disease outcome
following adjuvant endocrine therapy in patients with ER+ breast cancer
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Copyright © 2019 American Society for Clinical

» Dr. Mayer:

So the PI3 kinase pathway is
quite complex, there are a lot
of nodes—some of them less
important than others. But, in
the big scheme of things, the
PI13 kinase pathway is what we
call the survival pathway. This
is associated with malignant
transformation, tumor invasion,
angiogenesis, survival, drug
resistance. And alterations

in this pathway are not
uncommon in several different
solid tumors. Particularly in
breast cancer, it may be as
common as having 40% of
breast cancers with some
genomic alteration in any
node of the pathway. PIK3CA
mutations are certainly the
most common, but we also
can see PTEN loss, AKT
amplifications, and so forth.

So, P13 kinase pathway
activation is something that
needs to be distinct of what
we call a PIK3CA mutation.
Not all PIK3CA-mutated
tumors will have PI3 kinase
pathway activation and vice
versa. You could still have P13
kinase pathway activation

in the absence of a PIK3CA
mutation. But nevertheless,
the pathway activation that
can be detected by RNA or
reverse phase protein array
analysis has been associated
with antiestrogen resistance in
ER-positive cancer. So if you
were to profile tumors and
figured out if they have a high
signature for PIK3CA versus a
low signature of PIK3CA, you'd
see that the patients who
have low PI3 kinase pathway
activation usually do well; and
the ones that are typically
resistant to adjuvant endocrine
therapy have a high risk of
recurrence.

HR+/HER2-Negative Breast Cancer: Revolutions in Precision Medicine With PI3K Inhibitors - 8



PIBK/mTOR Inhibition and Endocrine
Therapy Resistance
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In an ER+/PIK3CA-mutated xenograft, the combination
of the ER downregulator fulvestrant and the pan-PI3K
inhibitor buparlisib (BKM120) is most effective in
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P Further work done in the

preclinical setting has shown
that, indeed, for tumors that
become resistant to endocrine
therapy, using a PI3 kinase
pathway inhibitor—and many
of them are tested there. The
names on the screen are the
ones that were initially given
to these drugs when they
were not yet approved. But
BEZ235 was a dual P13 kinase
and mTOR inhibitor, RADOO1
(most of you know today as
everolimus). There are others
in there that are also pan-PI3
kinase inhibitors.

When you use a pan-PI3 kinase
inhibitor, such as BEZ235, in
combination with endocrine
therapy, you are able to tumor
suppress cancers much better
than any other combination,
including everolimus. And
looking at xenograft models
that are PIK3CA mutated

and ER positive, certainly

the combination of an ER
downregulator (in this case,
fulvestrant) and a pan-PI3
kinase inhibitor, BKM120
(which a lot of you may know
as buparlisib), is most effective
in suppressing tumor growth.
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P Solet’s talk a little bit about
Acquired Resistance to Endocrine Therapy the relevance of this in ER-
. positive metastatic breast
in ER+ Breast Cancer cancer. To better understand
Androgen (A) @ Acquired resistance is defined as: thIS, we have to talk abOUt
1 * Recurrence at least 6-12 months after completion of What we Ca” vaU|red and
e heniieEy . primary resistance to ER-
E Receptor + Disease progression >G_montl_ls after endocrine therapy o
Estrogen (E) tyrosine initiated in the metastatic setting positive breast cancer.
RTK kinases . . .
(RTK) . . . ACQUII’ed resistance is
v \ Some ways acquired resistance may occur: X
PI3K Ras « Activation of growth factor signaling pathways S|mp|y the type Of tumor
E ! - PISK/AKT/mTOR that certainly is sensitive to
Estrogen l - M.APKIERK i
receptor. ER ==~ AT ~~yapK * ER mutations estrogen suppression from the
(ER) «| Changes in the tumor microenvironment ] .
get-go; so, those are patients
" that clinically in the adjuvant
R | N 4 setting do well, are able to
SRR " hes | SOMPlete their 5 years of
. jar¢ , etal. Breast Cancer Res Treat. 3 (3):307-317. Madieal Edueaton adJuvant therapy, and rea“y

may have recurrence years
after the fact. If they do have
recurrence, they probably will,
also, have a good response

to endocrine therapy in the
metastatic setting for at least
more than 6 months.

So those are cancers that,
again, in simple terms,

are sensitive to endocrine
inhibition from the get-go

but over time acquire either
activation of growth pathways
or other mutations that

may cause them to become
resistant down the road. So
activation of growth factor
signaling pathways, such as
P13 kinase pathway and MAP
kinase pathway, is certainly
responsible for some of the
acquired resistant mechanisms
that we often see in these
cancers.
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Primary Resistance to Endocrine Therapy

in ER+ Breast Cancer

Androgen (A) @
| =

Estrogen (E) E Receptor
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(RTK).
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E
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2
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Primary resistance is defined as:
Recurrence either during adjuvant therapy or within 6-12 months
of completion of adjuvant therapy

« Disease progression <6 months after treat t in the iC
setting

Some ways primary resistance may occur:
“«  FGFR amplifications
* Loss of ERa
-<+ Post-translational modification of ERa

________ _{*] Expression of ER

7 coactivation/corepression factors

/,—"' ,B Cyclin D1 amplification or expression

" MYC amplification and overexpression

@ Cell Cycle &

ER, estrogen receptor. FGFR, fibroblast growth factor receptor.
1. BachelotT, et al. J Clin Oncol. 2012;30:2718-2724;

3 A ;/
2. Bedard PL, et al. Breast Cancer Res Treat. 2008;108(3):307-317. [ATAY4

P That is to be contrasted

to primary resistance to
endocrine therapy where

that reflects the cancers that
are somewhat resistant to
endocrine therapy from the
get-go. So, from a profiling
point of view, those may be
what we call the luminal B-like
cancers where they have lower
expression of ER/progesterone
receptor, higher grades, and
often are more responsive

to chemotherapy and less
responsive to endocrine
therapy. So typically, these
are patients who may have a
metastatic recurrence while
they’re getting adjuvant
therapy. Or, if they start
treatment with endocrine
therapy in the metastatic
setting, they often progress
within the first 6 months.

Some of the common
pathways that are associated
with that are FGFR
amplifications, loss of ER, post-
translational modifications of
ER, or cyclin D amplification,
which obviously becomes very
relevant now in the era where
we have CDK 4/6 inhibitors as
a standard of care treatment
for these cancers. So those
are the main mechanisms for
primary resistance.
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P There are several P13 kinase
pathways now available, and
PI3K Pathway Inhibitors this list, by all means, is not
comprehensive. But the first
RTKs T e on top of the list is _B\_/L719,_
s, Voo RAS BYLT19 PI3Ka also known as alpelisib, which
- a ) H
| \9%) Spe T I'm going to talk about more
(PTEN) PP, cALIm P in detail later on, as it has
/N BKM120 | Pan-PisK been recently approved for
mmf ( TORC2) —( AKT PDK1 LKBI GDC-0941 Pan-PI3K "
=9 ;i“ oD >) Ecse MR the treatment of ER-positive
\¢ AV XLT65 | PRWImTOR metastatic disease. But
@ BEZ235 PIBK/mTOR . . )
e GDC-0980 | PI3K/mTOR nevertheless, the list is qwte
@9\/ e T romein comprehensive and includes
sk 4EBPI 0sk027 | TORC1R inhibitors that we call specific
¢ 1 AZD8055 TORC1/2 . . . .
) are o | A inhibitors that will abrogate
' PRCZI00R LT (ohoatork) the alpha subunit of PIK3CA,
PI3K, phosphoinositide-3 kinase. GDC-0068 | AKT (catalytic) M’Aa(J'-S . .
Akinleye et al. J Hematol Oncol. 2013;6:88. V\/h|Ch IS the most relevant one

in breast cancer. So the first 4
drugs on this list are perfect
examples of that.

There are pan-PI3 kinase
inhibitors—two of them are
BKM120 or buparlisib or
GDC-0941 or pictilisib—that
have been tested in phase

2 and 3 clinical trials; and
unfortunately, due to a poor
toxicity profile and not that
active clinical activity, were
actually taken off market. But
now we are seeing a lot of dual
P13 kinase mTOR inhibitors,
and there may be a lot of
advantage of exploring that.
But as you can imagine, those
compounds are potentially
more toxic.
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P So the first drug within the PI3

Phase 3 BOLERO-2 Trial: Everolimus + Exemestane kinase pathway that ended up

. being FDA approved for use in
in HR+/HER2- Advanced Breast Cancer ER-positive metastatic disease

was an mTOR inhibitor called
everolimus. This has been
tested in a lot of phase 1 and
phase 2 clinical trials. But I'm
going to fast forward to the
phase 3 BOLERO-2 trial that
compared the performance of
everolimus plus exemestane,
a steroidal aromatase
inhibitor, versus placebo and
exemestane in patients who
e ARIS have had been exposed to
oslgs o al. N Engf Med. 2012:366:520 529;Pcart o a. A Oncol. 201425:23572382. e - aromatase inhibitors. So these
are patients who have been
treated with second- or third-
line endocrine therapy and
were randomized to one of
those two arms.
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» And as you can see on the

Phase 3 BOLERO-2 Trial: Everolimus + Exemestane screen, there was actual

. substantial and statistically
in HR+/HER2- Advanced Breast Cancer significant progression-free

survival advantage to the

Progression-free Survival Overall Survival - . .

— " TTerR addition of everolimus vw’;h
i ) TSt T, almost 8-month progression-

D — — Sos Kaplan#fu;;n::uam : .

el R PBOVEAE 120 free survival versus 3 months
AL Coll Cycle = gg 3 .

o ———— | 3%, z seen with exemestane alone.

WT:TPSS e 9y 0- -]

AE —— |} | I (EpS— On the graph on the left, you
[ P svem— i '} 5 LR

e | e plL o T can see that there was no
e oy R R R R R T I =l particular genomic alteration
@Wid Type (WT) EVE+EXE better — Time (months) [ BT st R —

e T that really could tell you that
one subgroup behaved better
than the other.

A, aromatas nior, 8, esroge eceptor EVE, verlimus: EXE, xemestane; HER2, uranepideral groeh factorreceptor 2: P50, plcebo. A4S Unfortunately, once the data

Baselga et al. N Engl J Med. 2012;366:520-529; Piccart et al. Ann Oncol. 2014;25:2357-2362.

matured and after about 40
months of follow-up, we did
not really see an improvement
in overall survival with the
addition of everolimus.
However, patients did have,

to some extent, obviously,

not much in terms of side
effects, especially once we’ve
learned to deal with one of
the very annoying side effects
that this drug can cause,
which is mucositis, by using
steroid mouthwashes. And,
after that, one potential gain
that patients have were in
quality of life where they were
able to delay the initiation of
chemotherapy and still have
good control of their disease
by using an endocrine therapy
combination strategy.
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P So now, everolimus is being

Phase 3 SWOG-S1207 for High-Risk Stage Il/Ill explored in the early setting

ER+ Breast Cancer

[ HR-positive and HER2-negative breast cancer ]

for high-risk patients with
stage Il or Il ER-positive
breast cancer. In this phase

I

Neoadjuvant chemotherapy 3 trial done through SWOG

1 . . .
Surgery: Number of positive nodes? Surgery called 51207, in which pat|ents
e ~ ! with high-risk disease of
Node-negative 1-3 positive >4 positive >4 positive lymph nodes 9

and tumor 22 cm
[ Recurrence Score®

evaluation by Oncotype DX® } Adjuvant chemotherapy

RS < 25: Not eligible
RS > 25 Radiation therapy if indicated

recurrence, most of them node
positive and high recurrence
score by Oncotype DX,

were randomized to receive

RANDOMIZATION

Stratification factors:

* Node-negative
1-3 positive nodes

Everolimus: 10 mg PO
ET: Physician’s choice

* 24 positive nodes adjuvant
* 24 positive nodes neoadjuvant

ET for 5 years placebo in addition to their

Placebo for 1 year + J standard endocrine therapy
ET for 5 years

J< Everolimus for 1 year + } everolimus for 1 year or

ER, estrogen receptor; ET, endocrine therapy; PO, by mouth; RS, recurrence score.
Southwest Oncology Group, NCT01674140.

looking for disease-free

AMS . '
survival and overall survival as

a primary endpoint.

This study recently completed
accrual and, obviously, will
probably a few more years
before we can see a result. But
this is potentially an interesting
strategy for these patients at
high risk, although the bigger
guestion is since acquired
resistance to endocrine
therapy is really what you see,
where the PI3 kinase pathway
inhibition really shines, it's not
that clear if this trial is actually
going to be helpful for this
patient population because a
lot of them will probably have
more of a primary endocrine
resistance rather than
acquired.
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What Is Difference Between
Alpelisib and Other PI3K Inhibitors
Such as Taselisib or Buparlisib?

Are All PI3K Pathway Inhibitors Created Equal?

Inhibition of mMTORC1 May Activate a Feedback
Loop Leading to Activation of RTK/PI3K/AKT

targets

€< @&

+ Partial mTORC1 inhibition
« Decreased translation

« PI3K activation

PI3K, phosphoinositide-3 kinase. * Increased survival

Adapted from Zoncu et al. Nat Rev Mol Cell Biol. 2011;12:21-35.

Reversal of Feedback Loop

mTORC1 & mTORC2
inhibition
mTOR
catalytic
inhibitors
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mTOR + FullmTORC1 and
catalytic mTORC2 inhibition
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+ Akt function impaired

Other
targets
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inhibition
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— % inhibitors
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Other
targets

mTOR
catalytic
inhibitors

« Full mTORCL, mTORC2
and PI3K inhibition

+ Decreased translation

« Akt function impaired

« Increased toxicity?
2 1C
A0S

P Dr. Mocharnuk:

So, Dr. Mayer, can you tell

us the difference between
alpelisib and other PI3 kinase
inhibitors such as taselisib or
buparlisib?

» Dr. Mayer:

Certainly. So not all P13 kinase
inhibitors are created equal. As
| told you, there are multiple
drugs out there, some that
block PI3K, some that block
AKT, some that block mTOR.
And mTOR has 2 subunits,
TORC1 and TORC2. Everolimus
or any rapamycin derivative
usually blocks TORCI. And
what that ends up causing

is potentially this feedback
loop that could then go back
and activate AKT. So while
you're blocking the PI3 kinase
pathway downstream, you may
actually, at the same time, be
stimulating other nodes in the
pathway higher up that could
interface with other signaling
pathways such as MAP kinase.
So ideally, using things like
dual mTOR inhibition or PI3
kinase inhibition or AKT
inhibition that are upstream of
MTOR may be advantageous
to take that feedback loop
activation.
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PI3K Inhibitors

* Alpelisib
- Oral alpha-specific PI3K inhibitor
- Selectively inhibits p110«

approximately 50 times as strongly
as other isoforms

Dose- and time-dependent inhibition
of PI3Ka signaling in vivo results in
robust therapeutic efficacy and
tolerability in PIK3CA-depéndent
tumors
* Buparlisib

- Pan-PI3k inhibitor
* Taselisib

- B-sparing PI3K inhibitor

PI3K, phosphoinositide-3 kinase.
Andre et al. N Engl J Med. 2019;380:1929-1940; Fritsch et al. Mol Cancer Ther.2014;13:1117-1129.

* Further development of pan-PI3K
and B-sparing PI3K inhibitors,
buparlisib and taselisib, has been
limited by their narrow therapeutic
index

- Results in frequent treatment
discontinuation and low on-target
bioactivity

* Inhibition of PI3Ka may represent
improved biologic targeting

- Supported by incidence of
hyperglycemia of grade 3 or 4
o 10.8% with taselisib
o 36.6% with alpelisib

P So alpelisib is an oral alpha-

specific PI3 kinase inhibitor
that selectively inhibits p110a,
which is really the most
common kinase to be mutated
in patients with ER-positive
disease. And it has a very,

very strong affinity than other
isoforms for this particular
subunit of PI3K. And obviously,
this is dose dependent.
Buparlisib, on the other hand,
is a pan-Pl3 kinase inhibitor,
which again, unfortunately,
had a lot of clinical toxicities
and really its development was
arrested.

Taselisib is somewhat similar
to alpelisib, which even

though it is not a pure alpha
inhibitor, it’s what we call a
beta-sparing inhibitor. But it
has both an alpha inhibition as
well. However, because it is not
pure, it also suffers from a lot
of other side effects that you
end up not seeing as much
with alpelisib. So, a lot of the
clinic toxicity, unfortunately,
has limited the development of
some of these drugs, and very
few of them actually moved on
to become FDA approved.

However, they have class
effect side effects such as
hyperglycemia, which is a
big hallmark of all PI3 kinase
inhibitors, including mTOR
and AKT inhibitors and either
alpha-specific or pan-PI3
kinase inhibitors; fatigue;

Gl toxicity such as nausea,
diarrhea, and to some extent
mucositis. So all those are
common on-target effects of
all of these drugs.
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What Have We Learned From Trials
Concerning Pictilisib (FERGI),
Taselisib (SANDPIPER), and

Buparlisib (BELLE-2 and BELLE-3)?

Phase 1b Trial: Buparlisib + Letrozole in Metastatic
ER+ Breast Cancer Refractory To Endocrine Therapy

2 Continuous Buparlisib Intermittent Buparlisib

Intermittent
Continuous Buparlisib

Buparlisib

Il

mEscEssscEscoEcoEEscEEss

sEssccosssscess

Mayer et al. J Clin Oncol. 2014;32:1202-1209.

29815

» Dr. Mocharnuk:
What have we learned from
trials concerning pictilisib,
taselisib, and buparlisib?

» Dr. Mayer:
So | think, unfortunately,
not as much as we hoped.
However, | think these trials
were important to show a
proof of concept where when
you target a specific mutation
that may or may not be a
driver of the disease, you may
potentially have a differential
effect on genotypically
selective patient population.
So the very first trial that
was published addressing a
combination of endocrine
therapy with a pan-PI3 kinase
inhibitor was this particular
trial published a while back
now in which buparlisib, a
pan-PI3 kinase inhibitor, was
combined with letrozole in
metastatic ER-positive breast
cancer that was refractory to
endocrine therapy.
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Phase 1b Trial: Buparlisib + Letrozole in Metastatic
ER+ Breast Cancer Refractory To Endocrine Therapy

2 Continuous Buparlisib Intermittent Buparlisib

Intermittent
Continuous Buparlisib
Buparlisib

mEcmssscEscoEcoEsscEEsom

Ty FTTTEr

PIKICA mutaton
st respons

Treatme
Endocrine thera

Mayer et al. J Clin Oncol. 2014;32:1202-1209.

So all patients participating

in the trial had either 1 or

2 lines of treatment in the
metastatic setting that may
have included medications
such as tamoxifen, fulvestrant,
or any of the aromatase
inhibitors, including letrozole.
And at that point, at open
enrollment, they were exposed
to 2 different schedules of
buparlisib, and that was

done to minimize toxicity. So
initially the trial started with
continuous buparlisib and
subsequently was switched to
a 5 out of 7 days of buparlisib
administration, and letrozole
was given sequentially.

As you can see on that graph
(it may show up a little small
on the screen), clearly the
patients that are above that
dotted red bar were patients
that had a more durable
response—mostly a clinical
benefit, stable disease. Yet, it’s
pretty clear that, especially
for the ones that were
already on letrozole, adding
buparlisib made a difference
in controlling their tumors.

So that was the first evidence
that these drugs were active
in combination with endocrine
therapy to rescue some of the
endocrine therapy resistance,
especially acquired ones

that these cancers may have
developed.

However, what we didn’t see
in this trial was a specific
predilection for PIKZCA-
mutated tumors. It looked like
the PIKZCA mutation status
did not matter in the clinical
benefit rate seen with pan-
P13 kinase inhibitor added to
letrozole.
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P Then came this phase 2 trial

Phase 2 FERGI Trial: Pictilisib + Fulvestrant in called FERGI, which combined
pictilisib, which is a pan-PI3

ER+ Endocrine-resistant Breast Cancer kinase inhibitor. this time in

combination with fulvestrant,
which now in this day and

PFS in the ITT Population

N e age we know it’s potentially
S a little bit stronger than an
£ aromatase inhibitor in this
e le _ setting, also for patients who
I I W - had metastatic ER-positive
e —G— e = | cancer that was endocrine
o ‘ Memears o T resistant. So all these patients

had at least 1 or 2 treatments
in the metastatic setting. And
they had been randomized

to receive either fulvestrant
with placebo or fulvestrant
and pictilisib. And what we
saw was that there was a

very, very minor advantage in
progression-free survival in the
intention-to-treat population
but not statistically or clinically
meaningful to cause a lot of
enthusiasm to move the drug
forward.

ECOG PS, Eastern Cooperative Oncology Group performance status; ER, estrogen receptor; FLV, fulvestrant; HER2, human epidermal growth factor receptor 2; L0
ITT, intention to treat; MT, mutation; PD, progressive disease; PFS, free survival; PK A [re}
Krop et al. Lancet Oncol. 2016;17:811-821. e

Phase 3 SANDPIPER Trial: Taselisib + Fulvestrant in > Nﬁgsegtget'rel;ﬁs ézer:: Cv?tvhe tk;iese”
Postmenopausal Women with Locally Advanced or Metastatic P g f :
ER+/HER2- PIK3CA-mutated Breast Cancer and Disease Very same drug focusing

Recurrence or Progression During or After an Al on PIKSCA-mutant tumors
because FERGI was in a non-

selected patient population.

SANDPIPER study design

P Ful Ful :
T And unfortunately, again, even
© ERpositive/HERZ negativelocally  poia z:.,.. Treatunti 7D : (N = 340) (N =176) thou g h numericall y superiof,
Y el =480 (planned) Placebo QD + MEEED A, G 4 54 the combination didn’t
. 573.’27",‘.‘.,,;'.'..’12’::2‘.:? ;um‘: fulvestrant toxicity HR 0.70 . .
* Nomerehanae hemanesy s 5 G really provide a meaningful
ronmer " e { 1 msoniton surval dta ORR 28.0% 1.9% improvement in progression-
Primary Endpoint: Secondary Endpoints: P 0002 free S u rv | \/a | t h at rea I | y
R ?:‘Z;i”‘:" o BRI e PGt 2 sy justified approval of this drug,
ndpoint: 3. Geographic region X ; .
Roche cobas® test®)  « Efficacy in patients without PIK3CA-mutant tumors pa I’t ICU | ar | y N th es ett n g
of a severe toxicity such as
e colitis, pneumonitis, severe
Al, aromatase inhibitor; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; ORR, objective response rate; PFS, progression-free survival. }fj\(é\ L4 .
Baselga et al. J Clin Oncol. 2018;36:LBA1006. h y p e rg che m | a s a n d S O ]Co rt h .
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HER2, human epidermal growth factor receptor 2; HR, hormone receptor; mBC, metastatic breast cancer; ORR, overall response rate;
08, overall survival; PFS, i
Baselga et al. Lancet Oncol. 2017;18:904-916; Di

Phase 3 BELLE-2 and BELLE-3 Trials:
Buparlisib + Fulvestrant in Postmenopausal HR+/HER2-
Advanced Breast Cancer

* BELLE-2: patients had progressive disease on or after aromatase inhibitor treatment and had
received up to one previous line of chemotherapy for advanced disease

* BELLE-3: relapsed on or after endocrine therapy and mTOR inhibitors

+ Postmenopausal

*< 1 prior

chemotherapy for
BC

ml

* Measurable or non-
measurable
disease

EmN-2002>»2

; PI3K, i kinase.
i Leo et al. Lancet Oncol. 2018;19:87-100.

Primary
1) PFS inall patients

(pts)
2) PFS in PI3K-
activated pts

Key Secondary
+ 0Sinall pts

+ 0S in PI3K-activated

Phase 3 BELLE-2 and BELLE-3 Trials:
Buparlisib + Fulvestrant in Postmenopausal HR+/HER2-
Advanced Breast Cancer

N Buparlisib + Placebo + Buparlisib + Placebo + |ctDNA PIK3CA Buparlisib + Placebo +
Full Population £ | octrant  Fulvestrant | CONA PIK3CAMutant /0o irant  Fulvestrant | Non-mutant Fulvestrant Fulvestrant
(N=1,047) n=200 n =387
Median PFS, mo 6.9 50 Median PFS, mo 7.0 32 Median PFS, mo 6.8 6.8
(95% CI) (6.87.8) (4.052) (95% CI) (5.0-10.0) (20-5.1)  |(95% CI) (4.7-8.5) (4.7-8.6)
HR (95% Cl) 0.78 (0.67-0.89) HR (95% Cl) 0.56 (0.39-0.80) HR (95% Cl) 1.05 (0.82-1.34)
One-sided P <001 One-sided nominal P <001 One-sided nominal P 842

. Buparlisib+  Placebo + - CtDNA PIK3CA -
Full Population Buparlisib+  Placebo + ’ Buparlisib + Placebo +
(N=432) Fulvestrant  Fulvestrant [ GtONA PIKSCAMUANt  gyivostrant  Fulvestrant [ NOnmutant Fulvestrant Fulvestrant
Median PFS, mo 39 18 Median PFS, mo 42 6 |Median PFS, mo 39 27
(95% C) (2842) (1528) | (es%cn (286.7) (14-28) (5% Cl) (2843) (1536)
HR (95% Cl) 067 (0.53-0.84) HR (95% CI) 046 (0.29-0.73) HR (95% CI) 0.73 (0.53-1.00)
One-sided P <.001 One-sided nominal P <001 One-sided nominal P 026

HER2, human epidermal growth factor receptor 2; HR, hormone receptor; PFS, progression-free survival.
Baselga et al. Lancet Oncol. 2017;18:904-916; Di Leo et al. Lancet Oncol. 2018;19:87-100.

P Then came phase 3 trials

called BELLE-2 and BELLE-3,
and those explored the

use of buparlisib, which

is another pan-PI3 kinase
inhibitor, in combination

with fulvestrant in patients
who were postmenopausal
with ER-positive metastatic
breast cancer. Patients were
randomized—just like in the
SANDPIPER trial—to receive
either fulvestrant with placebo
or fulvestrant with buparlisib.

And what we saw is that
numerically, again, there

was a little superiority for

the addition of buparlisib to
endocrine therapy more so

in the patients where PIK3CA
mutations were detected

by cell-free DNA, and that
happened in both BELLE-2
and BELLE-3 trials. The
difference between those
trials is that BELLE-3 allowed
patients to have had prior
exposure to everolimus, which
at that point had already

been FDA approved. So

again, considering all the side
effects of this drug, which also
included CNS toxicity where
patients could have changes in
personality, severe depression,
there was actually even one
case of suicide. Unfortunately,
based on the lack of
substantial clinical benefit, this
drug, again, was not further
developed for use in breast
cancer.
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Phase 1b Trial: Alpelisib + Letrozole in ER+/HER2- Metastatic
Breast Cancer Refractory to Endocrine Therapy

PIK3CA
mutation

EETECR R
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Patients
E
H
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H1047R
E545K, 1273V

Ca20R
H1047R, E542Q

E542K
D939G, E78K, E726K mmmmmmmmzmm

0 6 12 18
Months on Treatment

A )I o
ER, estrogen receptor; HER2, human epidermal growth factor receptor; PD, progressive disease; PR, partial response; SD, stable disease. ININTO
Mayer et al. Clin Cancer Res. 2017:23:26-34. e

PIK3CA Mutations Confer a Good Prognosis in

ER, ests receptor.
Sabine J Clin Oncol. 2014;32:2951-2958.
Loi etal. Proc Natl Acad Sci US A. 2010;107:10208-10213. | £ | = BRicawiome | | emme o e DT 0T L=
Cizkova et al. Breast Cancer Res. 2012:44:R28. | #%¢ & = w w» |  |==FI 222711 frieimeds AcHS

Kalinsky et al. Clin Cancer Res. 2009;15:5049-5059.

P But then came PI3 kinase

inhibitors that, again, were
more specific, particularly
blocking the D110 subunit

of PI3K. One prototype of

this drug is alpelisib, which
was initially combined with
letrozole. So similar to the very
first clinical trial that | showed
you where buparlisib had been
combined with letrozole with
patients for ER-positive/HER2-
negative metastatic breast
cancer refractory to endocrine
therapy. But here, the results
were a little different.

Not only the responses were

a little superior and more
durable than what’s seen with
buparlisib, but also there’s a
big difference between the
responses and durability of
responses seen in patients
with PIK3CA mutations. So the
upper part of the graph clearly
shows that some patients
benefited despite not having

a mutation, but the brunt of
patients that benefited from
the combination certainly
have mutations mostly on the
hotspots of PIK3ZCA.

Now, PIKZCA mutations, as

| said, do not necessarily
correlate with activation of

the pathway. And, in the early
setting—so when you profile
patients early—the presence of
the mutation, honestly, is very
often associated with luminal
A cancers, which are actually
quite endocrine sensitive. So,
when you look at the outcome
of patients in the absence of
endocrine therapy, some of
them actually do even better
than the ones who don’t have
a PIKZCA mutation. But very
likely, that is not necessarily
reflective of the activation or
not; it’s just reflective of the
fact that luminal A-like cancers
are actually more likely to have
PIK3CA mutations.
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PI3K Inhibition in Early ER+ BC

LORELEI Trial Design

Letrozole 2.5 mg/day +
Taselisib 4 mg
5 days on/2 days off

—  Surgery

Key patient inclusion criteria:
Untreated postmenopausal
women
Stage I-1Il operable BC —
ER+/HER2-

« 22 cm tumors by MRI

Odds ratio 203
ORR (95501 1,06, 3,88, p=0.03%)

N =334 Statificaton: - 1 562

Tumor size (T1-2 vs T3) 38
a0

20

-

oN-30aa3m D
5

ORR, %

Patients with PIK3CA-mutant Tumors

CR (Odds ratio NE
PCR  (95%CI NE: p=0.480)

14 0

o w

Co-Primary Endpoints:

* ORR by centrally assessed breast MRI

+ pCR rate in breast and axilla

Secondary Endpoints:

+ ORR and pCR in PIK3CA-mutant patients
+ Ki67 levels

« PEPI score

+ Safety

+ PRO

Total pCRrate, %

Letrozole 2.5 mg/day + [
placebo —>  Surgery
5 days on/2 days off

Letrozle +
taselisib (n=73) placebo (n=79)

Letrozole + Letrozole +
taselis (n=73) placebo
(n=79)

BC, breast cancer; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; MRI, magnetic resonance imaging: TS
ORR, objective response rate; pCR, i response; PI3K, itide-3 kinase. M/Aaxm
Saura et al. Ann Oncol. 2017;28:LBA10_PR. b

PI3K Inhibition in Early ER+ BC
Alpelisib + letrozole |
Neo-ORB z
NCT01923168 > |4
Operable HR+ BC 6 months £
Mayer, CCR 2019 @
Placebo + letrozole I
Primary endpoints: pCR rate and ORR
Proof-of-Concept not met on pCR/ORR in both mutant and wild-type
| l
I i Lo
i &
& &
N-corer NeT1S
A_)'_LC
BC, breast cancer; ER, estrogen receptor; HR, hormone receptor; LN, lymph node; ORR, overall response rate; pCR, pathologic complete response; PI3K, phosphoinositide-3 kinase. 'Lkﬂi}!‘\’r

Mayer et al. Clin Cancer Res. 2017;23:26-34.

P Soit's potentially not a
surprise that P13 kinase
inhibitors were tested in early
estrogen-positive cancers in
the neoadjuvant fashion. One
example here is a trial called
LORELEI which explored the
addition of taselisib, a beta-
sparing PI3 kinase inhibitor, to
letrozole. Even though a little
bit higher clinical response
rates were seen, there was
definitely no advantage in
terms of pathologic complete
responses between one
drug or the other. And most
importantly, no substantial
differences in Ki-67 as well,
which is, to some extent,
somewhat of a surrogate
marker of long-term outcome
benefit.

P Another trial that was just as
big, also mostly focusing on
PIK3CA mutations, showed
that the addition of alpelisib
this time to letrozole really
did not have any impact on
Ki-67 suppression or clinical
benefit whatsoever neither
in terms of decreasing the
size of the tumor any further
than letrozole did nor causing
more pathologic complete
responses compared to
letrozole alone. So, in the early
setting, this is probably not a
strategy that we want to bring
it on potentially because what
I had mentioned before. The
P13 kinase pathway inhibition
is probably something that
will be much more relevant
in acquired resistance to
endocrine therapy, which may
not happen until later on.
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Phase 1b Trial: Alpelisib + Fulvestrant in PIK3CA-Mutated and PIK3CA Wild-
Type ER+ Advanced Breast Cancer With Progression During or After
Antiestrogen Therapy

—— PIK3CA-altered tumors®
| 9.1mo (95% C1 6.6-14.6 mo)
= PIK3CA-wild-type tumors
g L 4.7 mo (95% C11.9-5.6 mo)

Cln '
HE | P
e

o
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36
Time, mo

No. of patients at risk
PIK3CA-altered tumors 49 35 32 24 19 15 12 10 7 5
PIK3CA-wild-typetumors 32 15 12 4 3 2 2 2 2 2

b ‘%iblll
I Lo .
- LI B I |
i

ER, estrogen receptor; mTOR, mechanistic target of rapamycin.
Juric et al. JAMA Oncol. 2018 Dec 13:¢184475. doi: 10.1001/jamaoncol.2018.4475. [Epub ahead of print].
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In the SOLAR-1 trial, alpelisib
hearly doubled progression-free
survival. Can you elaborate on this
trial’s design and results?

What do these results mean for
current or future clinical practice?

P So, subsequent to that first

phase 1 trial with letrozole
and alpelisib, a bigger trial
with alpelisib and fulvestrant
was undertaken looking at
both PIK3CA altered and
PIK3CA wild-type ER-positive
metastatic breast cancer
progressing during or after
antiestrogen therapy. And
here, again, the signal that
this is very active and more
potent almost exclusively in
PIK3CA altered cancers was,
again, substantiated. And it
was numerically and slightly
statistically significant benefit
in terms of progression-free
survival for patients receiving
alpelisib with fulvestrant,
especially in the setting of a
PIK3CA mutation.

Dr. Mocharnuk:

In the SOLAR-1 trial, alpelisib
nearly doubled progression-
free survival. Can you
elaborate on this trial’'s design
and results? And what do
these results mean for current
or future clinical practice?
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Phase 3 SOLAR-1 Trial: Alpelisib + Fulvestrant > Dr. Mayer:

So SOLAR-1 was then a

in HR+/HER2- Advanced Breast Cancer follow-up for that fulvestrant/

Men or post-menopausal PISKCA-mutant -
women with HR*, HER2— ABC S N etz
Received prior Al (n=341) (i)

Identified PIK3CA status (in
archival or fresh tumor tissue)

Previously Treated with Endocrine Therapy alpelisib phase 1b trial that

now has been in a phase 3

. fashion where about close to
Alpelisib 300 mg QD PO

= 600 patients were randomized
ne

Primary Endpoint: to receive either alpelisib or

Placebo PFS in PIK3CA-mutant

RS PRIY | ohort(ocally assessed) fulvestrant. The trial pretty

n=172

" Secondary Endpoints: H H
M ble d 21 ratified by presence .
prZZZ%rianale'ntl;slstaisigr:e lesion —| N =572 o (offlidv:ry/rung Treatment until disease progression, Zzzs.fﬁf,?,iﬂ;non- much had as Its pl’lmary
ECOG PS <1 and prior toxicity ordeath . pFg (PIK3CA- endpoint the benefit of
No prior th tic CT, PI3K CDK4/6 inhibito
o prior therapeutic CT, ) Inhibitor il mutation in ctDNA) .o .
mTOR, or AKT inhibitor reatment A resiant s"B%%%T@ o alpelisib added to fulvestrant in
N | trolled type II non- : p cohor
disberes melites P s~ gt S oo the PIK3CA-mutant cohort. So
R the trial was powered as such
n=1ie that there was an enrichment
ABC, advanced breast cancer; Al, aromatase inhibitor; CBR, clinical best response; ECOG PS, Eastern Cooperative Oncology Group performance status; HER2, human epidermal growth factor receptor; A%'-Lc Of P/K3CA-mUtated patlents
HR, hormone receptor; IM, intramuscularly; ORR, overall response rate; OS, overall survival; PFS, progression-free survival; PO, orally; QD, once daly. [AvATS] . .
Adapted from Andre et al. N Engl J Med. 2019;380:1929-1940. enrolled |n the trlal.
: P And, essentially what was
Phase 3 SOLAR-1 Trial: seen, as you méntioned before
Median PFS in PIK3CA-mutated HR+/HER2- is that was, indeed, almost a
Advanced Breast Cancer doubling in the progression-
0 . el pata cut-o Alpelisit Placebo free survival on the trial
S 14 2018 e 72 where patients who received
80 g
Number of PES | 103(609) | 120750) alpelisib and had PIK3CA
zw- Progression | 99 (58.6) 120 (69.8) mutations had a median
] o Death 4(24) 9(5.2) progression-free survival of
< o Censored 66 (39.1) 43 (25.0) ‘HO months Opposed to 57
Median PFS 1.0 57 .
(95% Cl) (7.5-14.5) (3.7.7.4) months with fulvestrant alone.
04 .

012345678 0101 1211151 17112222 2252%27 %2 %3 IR C) GOSI(GE00:E5) NOW one thlﬂg tO nOte on
R Time ) el 00065 this trial, though, is that this
708 LTI 1 . . BTNl 5 BIRABTRS W 08 SRR e it completed accrual prior to

First PI3K inhibitor to demonstrate clinically meaningful, statistically significant results in breast cancer approval Of CDK 4/6 IﬂthItOI’S.
. Therefore, we don’t know
Fulv, fulvestrant; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; PFS, progression-ree survival; PI3K, phosphoinositide-3 kinase. At (] . .
Andre et al. N Engl J Med. 2019;380:1929-1940. Nnow in the real WOI’|d that thls

drug is FDA approved if the
benefit that we're going to see
is going to be as profound as
that seen on the SOLAR-1 trial.

However, there are trials now
looking at this combination
not in a randomized fashion
but in the CDK 4/6 era, in
which patients are going

to be exposed to CDK 4/6
inhibitors in first- or second-
line treatment. So we will see
with the current landscape
of treatment whether the
addition of alpelisib is going
to be at least proportionally
just as effective as it was in the
SOLAR-1 like population.
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SOLAR-1 Adverse Events

Most Frequent Grade 3 or 4 Adverse Events (occurring in at least 5%)

Adverse Event

Alpelisib + Fulvestrant

Placebo + Fulvestrant

Hyperglycemia

36.6%

0.7%

Rash

9.9%

0.3%

Maculopapular rash

8.8%

0.3%

Diarrhea

6.7%

0.3%

Hyperglycemia led to the permanent discontinuation of alpelisib in 6.3% of patients

Andre et al. N Engl J Med. 2019;380:1929-1940.
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Alpelisib FDA Approval and
 Testing for PIK3CA Mutation

* May 2019: FDA approval of alpelisib + fulvestrant for postmenopausal

women or men with HR+, HER2-, PIK3CA-mutated, advanced or

metastatic breast cancer following progression on or after an
endocrine-based regimen

« Companion diagnostic test, therascreen® PIK3CA RGQ PCR Kit, to

select patients who have PIK3CA mutations in tumor tissue
specimens and/or in ctDNA isolated from plasma specimens

- If negative for PIK3CA mutations in plasma, patients should undergo testing

for PIK3CA mutations in tumor tissue

CtDNA, circulating tumor DNA; HER2, human epidermal growth factor receptor 2; HR, hormone receptor.

FDA News Release, 2019.

2988

P The adverse events were as

expected; there were no new
sighals. The most common side
effects were hyperglycemia,
some rash, and diarrhea.

The diarrhea and the rash

are actually manageable.

The rash particularly seems

to be quite responsive to
antihistamines and topical
steroids. Some patients have
to use oral steroids to deal
with the rash but that certainly
can be manageable. The
hyperglycemia, in a similar
fashion, most of the time was
asymptomatic and easily
mMmanageable by metformin,
diet intervention, and whatnot.
And now there’s a big effort
to come up with consensus of
how to best treat and manage
these side effects because
they’re fairly new to the
oncology world, but certainly
very manageable and really not
as effective from a quality-of-
life point of view.

So in May of this year, the

FDA approved alpelisib in
combination with fulvestrant
for patients that are
postmenopausal with estrogen-
positive, HER2-negative, and
PIK3CA-mutated tumors with
either advanced or metastatic
breast cancer following
progression on or after an
endocrine-based regimen.
There’'s a companion diagnostic
test that has been approved
with it called therascreen
PIK3CA, a PCR kit, which is
actually pretty simple and fast
to do to select for patients
with these mutations. However,
| suspect that most people

will not have issues getting

the drug approved if they
already know that a patient
had a PIK3CA mutation on a
test such as FoundationOne

or Guardant360, which are
commonly done for other
indications nowadays.
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What Do You Think the Future Holds
for PI3K Inhibitors in HR+/HER2-
Breast Cancer?

ALP, alpelisib; CDK, cyclin-dependent kinase;
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» Dr. Mocharnuk:
What do you think the future
holds for PI3 kinase inhibitors
in hormone receptor-positive/
HER2-negative breast cancer?

» Dr. Mayer:
That’s an excellent question.
And | think to better answer
that question, | would like to
have you focus a little bit on
this graph on the screen that
gives you a bird’s-eye view
of what we have available
today. And it seems daunting
and confusing because it
actually is. But now, we have
first-line established data
with combinations of CDK
4/6 inhibitors with letrozole
or tamoxifen or any other
nonsteroidal aromatase
inhibitor.
And even with fulvestrant,
based on this clinical trial
called MONALEESA-3 where
fulvestrant was actually given
in first line, really interestingly
because of the FALCON
data that has shown that
fulvestrant was a little superior
to aromatase inhibitors in
first-line setting. But what is
actually striking is because
of the very consistent hazard
ratios of benefit seen with
these combinations, now
these drugs have become FDA
approved, as well, in first line.
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And with the recent reports
of overall survival data from
the MONALEESA-7 trial,
which was done exclusively
in premenopausal patients,
it's hard to argue that these
therapies should be first-line
choice for patients with ER-
positive metastatic disease.
However, in second-line
post-aromatase inhibitor
progression, now it’s a little
hard to determine what to do.

There are certainly phase

3 data suggesting that a

CDK 4/6 inhibitor, when
added to fulvestrant, is also
quite effective in prolonging
progression-free survival

with similar hazard ratios

seen in first line, also 0.5, but
obviously with a much smaller
magnitude of month benefit
because these patients had
already been exposed to
endocrine treatment. However,
| suspect that this situation
will become rarer because
more and more patients will be
exposed to CDK 4/6 inhibitors
in first line.

So, an obvious choice for
second line would be to either
use fulvestrant by itself, which |
suspect a lot of people are not
going to be very enthusiastic
about, or combine it with
another targeted treatment.
Everolimus was the one that
has been approved now for
quite some time, and it does
not require patients to have
any mutation in their tumor.
But now, with the approval of
alpelisib for PIKZCA-mutated
cancers, certainly this is very
solid and important options for
patients that progress on CDK
4/6 inhibitors and endocrine
therapy and have a PIK3CA
mutation in their cancer.
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How Will PI3K Inhibition Work After
CDK 4/6 Inhibition?

BYLieve (NCTO3056755): Phase 2 trial of alpelisib + endocrine therapy in
patients with PIK3CA-mutated HR+/HER2- ABC post-CDK 4/6 inhibitor

Status (as of May 1, 2019): recruiting

Men and women (pre- and post-
Patients received prior CDK 4/6 inhibitor + Al
Alpelisib 300 mg QD
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the advanced setting

No prior PI3K inhibitor therapy
ABC, advanced breast cancer; Al, aromatase inhibitor; CDK, cyclin-dependent kinase; ECOG PS, Eastern Cooperative Oncology Group performance status; ASUS
HER2, human epidermal growth factor receptor 2; HR, hormone receptor; PFS, rvival; PI3K, 3 kinase; QD, once daily. FATAYSS

Rugo et al. J Clin Oncol. 2018;36: abstract TPS1107.

CDK 4/6 Inhibition + a-PI3K Inhibition Combinations
Could Reverse Resistance to Endocrine Therapy as
well as CDK 4/6 Therapy
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CDK, cyclin-dependent kinase; PI3K, phosphoinositide-3 kinase.
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Herrera-Abreu et al. Cancer Res. 2018;76:2301-2313.

P So, one trial that is now

addressing how this PI3 kinase
inhibition will work post-CDK
4/6 inhibition is this trial

called BYLieve, which is not a
randomized trial, but it's a very
smart and pragmatic design
where patients who have had
prior CDK 4/6 inhibitions with
aromatase inhibitors. We see
fulvestrant with alpelisib. And
patients who have received
prior CDK 4/6 inhibitors with
fulvestrant receive alpelisib
with letrozole.

And the primary endpoint is
the number of patients who
are alive without disease
progression at 6 months, the
local assessment. So, this

is really to prove that this
potential strategy will be at
least proportionally just as
active as it was seen in the
pivotal phase 3 trial leading
to the approval of alpelisib for
PIK3CA-mutated cancers.

But obviously, we need to

do more homework because
with CDK 4/6 inhibitors now
being in phase 3 clinical trials
in the early setting for high-
risk patients—and all these
trials now have completed
accrual—it is going to be

hard to figure out what to

do post-CDK 4/6 inhibition
when patients then still have
a recurrence in the metastatic
setting. And there are a lot of
preclinical data to suggest that
the one pathway that could
potentially reverse resistance
to endocrine therapy, as well
as CDK 4/6 therapy, is to
potentially engage in the PI3
kinase pathway as the escape
mechanism and blocking that
may be substantially important
to prevent or reverse the
resistance to both endocrine
therapy and CDK 4/6
inhibition.
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. . . . P So, there have been 2 trials
Combination of Endocrine Therapy with a attempting to do that, One

CDK4/6 Inhibitor and a PI3K Pathway Inhibitor of them was a combination
with exemestane, everolimus,
and ribociclib—everolimus
being an MTOR inhibitor and
ribociclib a CDK 4/6 inhibitor—
where certainly responses and
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A similar trial has been done
XS with alpelisib, which is the
alpha-specific P13 kinase
inhibitor, but that did not
move forward due to severe
liver toxicity, so that was not
compatible with patient safety.
And therefore this trial was
aborted.

Al, aromatase inhibitor; ER, estrogen receptor; MBC, metastatic breast cancer.
Bardia et al. Cancer Res. 2016;76:P6-13-01; Juric et al. Cancer Res. 2016;76:P3-14-01.

P Now there are several clinical

. - trial bini CDK 4/6
Phase 2 Trials Combining CDK 4/6 and T on mhi/bition
MTOR Inhibition One of them was recently
- reported called TRINITI-1 that
P 1 c I i ihi . . . .
| Froassion oo O A bt and did show a clinical benefit
" o), - Ribociciib 300 mglday and partial responses in a
TRINITI-1 mTOR inhibitor « Everolimus 2.5 mg/day

NCT02732119 Everolimus/ribociclib/exemestane
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R o714 | WTORC 1 ERaFSitT T definitely showing that from a

NCToZeriTeT | mIORinmbier Clinical Benefit e prqu of concept point of view,
£ Partial Response 7% this is not a crazy strategy to
go after. So obviously, there
52% ribociclib dose reduction; are some toxicities, doses had

86% temporary interruption s
porary P to be reduced. But now there’s

a phase 2 randomized trial
called TRINITI-2 that is going
to further explore the benefit
of this, and hopefully this can
become a new strategy for
patients who may have had
prior CDK 4/6 inhibition either
in the adjuvant or first-line
metastatic setting.

Al, aromatase inhibitor; CDK, cyclin-dependent kinase; mTOR, mechanistic target of rapamycin.
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Conclusions

* Genomic profiling can identify clinically
meaningful alterations that could
guide targeted treatment decisions in
patients with breast cancer

» PI3K pathway genomic alterations are
the most common ones found in
breast cancer, particularly PIK3CA
mutations in ER+ breast cancer

* PI3K pathway activation has been
associated with anti-estrogen acquired
resistance in ER+ breast cancer

*in patients with PIK3CAmt ER+ breast cancer.

* PI3K pathway inhibitors such as everolimus
(MTOR inhibitor) and especially alpelisib*
(PI3Kalpha inhibitor), in combination with
endocrine therapy, significantly prolong PFS
in patients with ER+ metastatic breast
cancer in = second line

Genomic profiling in breast cancer should
now become standard of care; there are 4
actionable genomic alterations for which
targeted agents are available:
- HER2/neu amplification: trastuzumab,
pertuzumab, lapatinib, neratinib, TDM1

- BRCA 1 or 2 (germline) mutation: olaparib,
talazoparib (PARP inhibitors)

- ESR1 mutation: fulvestrant
- PIK3CA mutation: alpelisib

ER, estrogen receptor; PARP, poly ADP ribose PFS, survival; PI3K,

kinase; TDM1, emtansine.
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» Dr. Mocharnuk:
Dr. Mayer, would you like to
wrap-up this discussion and
just tell us what the salient
points are about PI3 kinase
inhibition, as we are currently
using it in the clinical setting?

Dr. Mayer:

Certainly. So, | think my final
thoughts on this subject is that
genomic profiling can certainly
identify meaningful alterations
that could and should guide
targeted treatment decisions
in patients with breast cancer,
certainly in the metastatic
setting. And PI3 kinase
pathway genomic alterations—
being the most common ones
found in breast cancer—are

an obvious target to go

after, particularly the PIK3ZCA
mutations that can be found

in about 40% of ER-positive
primary and metastatic breast
cancers.

P13 kinase pathway activation
has been associated with
antiestrogen acquired
resistance in ER-positive
disease; and therefore,

again, a perfect setting to
consider medications such

as mTOR inhibitors or P13
kinase inhibitors for patients
with PIKZCA mutations. So,
this combination of these

P13 kinase inhibitors with
endocrine therapy have
shown to significantly prolong
progression-free survival in
patients with ER-positive
disease beyond second line
of treatment. | don’t think we
will see overall survival data
yet, very soon, on alpelisib,
but we certainly know that
with everolimus we did not,
unfortunately, achieve overall
survival advantage. But still a
solid option for patients who
really are interested in delaying
initiation of chemotherapy and
still preserve their quality of
life.
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But | think, most importantly,
drugs like this and strategies
like this underscore the
importance of considering
genomic profiling in all
patients with breast cancer.
Because we already have
several actionable genomic
alterations for which we have
approved agents. HER2/neu
amplification is not new to
anybody, and you certainly
don’t need to do genomic
profile to find it because

we can use fluorescence

in situ hybridization and
immunohistochemistry and
other techniques. But clearly, it
is a genomic alteration that has
been very successfully tackled
with anti-HER2 medications, as
listed on the slide.

BRCAT and BRCA2 germline
mutations really require
germline profiling because
PARP inhibitors now have
also become FDA approved
for patients with metastatic
disease with BRCAT or
BRCAZ2 mutations. However, |
would argue that simply just
because of £ESRT mutations
that only respond to drugs
with fulvestrant and do not
respond to tamoxifen or
aromatase inhibitors and now
with PIK3CA mutations having
alpelisib as a targeted agent
that is approved showing
progression-free survival
advantage. For that reason
alone, we should already be
genomically profiling patients
with metastatic breast cancer,
particularly the ones with ER-
positive disease.
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» Dr. Mocharnuk:
A%(-!-S § Thank you for this really clear

Medical Education

and detailed review of PI3
kinase inhibition in breast
cancer.

Dr. Mayer:

Thank YOu 4 ‘ My pleasure, thank you.
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