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Practicing Precision in ALK and ROS7 Rearrangement Positive NSCLC:
Testing, Targets, and Treatments

Maria E. Arcila, MD; Alex Drilon, MD

» Maria E. Arcila, MD: Hello,
everyone, and welcome to this
educational activity Practicing
Precision in ALK and ROST
Rearrangement-Positive Non-
Small Cell Carcinomas: Testing,
Targets, and Treatments.

Practicing Precision in ALK and ROS1

Rearrangement-Positive NSCLC:
Testing, Targets, and Treatments

AHS

Medical Education

P | am Maria Arcila, and | am
the lab director at Memorial
Sloan Kettering Cancer Center
in the Diagnostic Molecular
Pathology Laboratory. | am
joined today by Dr. Alexander
Drilon, who is the chief in
the Early Drug Development

Alexander Drilon, MD Maria E. Arcila, MD
Chief, Early Drug Development Service Lab Director,
Memorial Sloan Kettering Cancer Center Diagnostic Molecular Pathology Laboratory

New York, New York Memorial Sloan Kettering Cancer Center
New York, New York Service, also at Memorial Sloan

Kettering.
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P To start with, we have a few
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_to enhapce patient out_com_es an.d.thgr own professional developmenAt. The a pproved agents or agents
information presented in this activity is not meant to serve as a guideline for X

patient management. Any procedures, medications, or other courses of diagnosis that are in development.

or treatment discussed or suggested 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. The planners 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 planners. Please refer to the official prescribing
information for each product for discussion of approved indications, contraindications,
and warnings.
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Pharmaceuticals; Taiho Pharmaceutical Co, Ltd; and Pharma Mar, S.A. Royalty: Wolters
Kluwer. Other, Food and Beverage: Merck & Co, Inc and PUMA Biotechnology.
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Upon completion of this activity, participants should be better able to:

o Evaluate the evolving science and
guideline recommendations for molecular

testing in NSCLC, including testing for ALK

and ROS1 rearrangements

o Apply appropriate treatment selection of
ALK and ROS1 targeted agents based
upon efficacy data, recommended

guidelines, and biomarker testing results to

improve patient outcomes

NSCLC is Heterogenous

Other or unspecified

Large cell carcinoma
oke

o Implement strategies to incorporate best
practices for molecular testing, and
biomarker-guided personalized treatment
decision-making, and sequencing across
the continuum of NSCLC care

Identify factors that act as barriers or
challenges to appropriate use of biomarker
testing and strategies to address and
optimize treatment outcomes for patients
with NSCLC who harbor actionable
mutations

Biomarker Distribution in Adenocarcinoma

No mutations 1.2%
. UMD 12.0%
EGFR sensitizing 19.4%

Other drivers 2.9%
_PTENloss 0.7%
CDKN2A loss 1.9%
BRAF non-VB00E 1.3%

EGFR 28% NF1l0ss 1.9%

EGFRT790M 5.5%

EGFR exon20 2.1%
EGFRWT amp 1.0%

S 25.3%
ALK tusion 3.8% | Kaasze

ROS1 tusion 2.6%"
RET fusion 1.7%"

" KRAS25.3%

ERBB2amp 1.4%
BRCA1/210ss 1.3%/

TSC1/21088 0.7% . MAP2KI 0.7

Haggstrom M. 2014. https://upload.wikimedia.org/wikiversity/en/7/7b/Medical_gallery_of_Mikael_H%C3%Ad4ggstr%C3%B6m_2014.pdf; Jordan et al. Cancer Discov. 2017,7(6):596-609.

> All right, so, as you all know,
lung cancer is a highly
heterogeneous disease that
historically has been classified
based on the morphologic and
immunophenotypic attributes
of the cancer. Non-small
cell carcinoma constitutes
the largest proportion of
lung cancers, and within this
category, adenocarcinoma is
the largest subtype. However,
in the past decade, there
have been major advances
in molecular biology and
diagnostics that have enabled
a more precise classification

now based on molecular
attributes of the tumor. So, on
the right of this slide, what you
see is this subclassification of
adenocarcinoma tumors based
on the genetic alterations.

While there are numerous
genetic abnormalities that
have been reported in recent
years, only a proportion

of these constitute the
well-characterized driver
oncogenes. It is these drivers,
the ones that have moved
the science forward, that

are the key targets that may

P And here are the learning
objectives for this activity.

be treated with alteration-
specific therapies. Common
genetic alterations in lung
cancer include EGFR and
KRAS, and those together
constitute about 50% of

the alterations that are
identified in adenocarcinoma.
However, after these, there are
several alterations that each
correspond to about 1% to
3% of the alterations in lung
cancer, but these are equally
targetable. So it is, of course,
very important to test for
them.
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EGFR, HER2 ROS1
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RAS/MAPK  PI3K) PI3K)
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Courtesy of Maria E. Arcila, MD.
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P So very briefly, as far as

biology is concerned, all of

the genes that I've mentioned
have common signaling
pathways where alterations

that dysregulate their function
can have a major impact on the
cells. Very briefly, starting in this
diagram with the pathway and
activation and signaling that is
associated with the mutations
and the fusions that we're going
to talk about, we can start with
the EGFR pathway, which is
common for all of them.

Pathways
(JAK-STAT, (JAK-STAT, (JAK-STAT,

ALK RET

TRK

Pathways  Pathways

PI3K) PI3K) PI3K)

EGFR (ErbB1, HER1)

* Receptor tyrosine kinase

_ ALK, RET, ROS1

A4S

Courtesy of Maria E. Arcila, MD. ™

EGFR is a kinase that is bound
to the cell membrane and in
normal cell function dimerizes
after it is bound to its ligand.
Following dimerization and
phosphorylation of these
dimers, this activates several
downstream pathways, primarily
three pathways: PI3 kinase,
STAT, and RAS/MAPK. And the
signals from these three different
pathways travel to the nucleus
where they promote the survival
and proliferation of the cells.
This is, of course, a very highly
regulated type of pathway-

» A high number of the alterations

that are targetable in lung
cancer happened to be in
receptor tyrosine kinases, and
the remaining are identified

in the effectors of common
downstream pathways that are
associated with those kinases.
Mutations in EGFR have been
well known for over a decade.
But more recently, fusions and
rearrangements involving genes
such as ROS7T and ALK, RET, and
NTRK and rearrangements in
MET as well have been identified.
So that’s going to be the topic
for us today.

or these three pathways are
highly regulated, and any
mutation or fusion can cause
disorganized proliferation and
the development of a neoplastic
process.

ALK, RET, and ROS are similar
memlbrane-bound proteins or
receptors that dimerize and after
ligand binding physiologically,
they can activate exactly the
same pathways as EGFR.
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P So today, again, we're going
to be concentrating on ALK
and ROS, and both of these

RMOS:N " receptors happen to be in the
88 : oropolier insulin family of receptors.
= They both have a number of

(o] domains in the extracellular
= FN llls compartment of the cell and a

very large kinase domain in the

B FN llis intracellular compartment and
| Transmembrane [ B Transmembrane () | also a transmembrane domain
Juxtamembrane Juxtamembrane that maintains the molecule
i Fusion Proteins stably bound to the membrane.
Kinase Importantly, ROST shares about
0 l JI. 77% to SO% sequence homqlogy
to ALK in the ATP binding site of
FN 1, fibronectin lli-like domain; LDL, low-density lipoprotein; MAM, meprin, A-5 protein, RTK phosphatase mu; Sig P, signal peptide; TKD, tyrosine kinase domain the tyrosine kinase dom ain, and

this is actually responsible for
the observation that some ALK
inhibitors may profoundly inhibit
ROST1 kinase activity and lead to
tumor progression.

Both of these genes may be
rearranged, and in the process
of rearrangement they actually
lose the attachment to the cell
membrane, so that the fusion is
now a fusion protein that now
lives in the cytoplasm or even

in various other compartments
of the cell, depending on the
partner, and the function of that
fusion changes depending on the
partner that they are bound to.

» ALK fusions are not only found
in lung carcinomas, but also first
described in anaplastic large cell
lymphomas and hence the name

ALCL (~55%) DLBCL (<1%) /[ B \ Other Cancers NSCLC (3-7%) IMT (~50%) ALK, which stands for anaplastic

NPM1 (535.1) RANBP2 (2q13) [ | Breast Cancer EML4 (2p21) TPM3 (121.3)

TPM3 (1g21.3) EML4 (2p21) [ - EML4 (2p21) TPR (1g31.1) RANBP2 (2q13) |ymphoma kinase. Fusions

ATIC (2435) SEC31A (4921.22) I A N | Colorectal Cancer (<1%) CRIM1 (2p22.2) ATIC (2q35)

TFG (3q12.2) SQSTM1 (5q35) / \ EML4 (2p21 STRN (2p22.1) SEC31A (4q21.22) i | |
TRAF1 (9933.2) NPM1 (5q35.1) / / WDCP((ZEZ&)B) TFG (3q12.2) CARS (11p15.4) |nVO|VIng thls gene may be
CLTC (17923.1 [ . H e H H H
R o / B =omicneoo) | DR PR identified in several malignancies
ik (020129 : O overencencerno) | (S (S e and some with predilection for
MSN (Xq12) (9 ) o CLTC (17923.1) .
ARt \ (] Renal Cell Carcinoma (<1%) specific partners. They may
rearrangements / ¥§r‘|;|:§1(c1'3222122)) . Py .
T s be identified in lymphomas of
STRN (2p22.2)

Renal Medullary Carcinoma dlﬁcel’eﬂt klﬂdS, they COU|d be
(ND) . e . .
VeL (10q22.2) identified in several solid tumors,
and are particularly prevalent in

plastic lymphoma kinase anaplastic large-cell lymphoma; ATIC, 5-Aminoimidazole-4-Carboxamide Ribonucleotide Formyltransferase/IMP Cyclohydrolase; . . .
inyl- , clatherin heavy chain; CRIM1, cysteine rich transmembrane BMP regulator 1; DLBCL, diffuse large B-cell ymphoma; N ﬂ amma to ry myoﬂ b ro b | a St IC
KIF5B, kinesin family member 58;
PPFIA binding protein 1;

gl ] b
tein tyrosine phosphat ANBP2, RAN binding protein 2; RCC, renal cell carcinoma; RMC, renal medullary carcinoma; RNF213, ring finger protein 213; Aal_*,s t umaors ) ]CO rexam p | e.
Mo

C31 Homolog A; SQ iestos RN, Striatin; TFG, TRK-fused gene; TPM3, tropomyosin 3; TPM4, tropomyosin 4;

31A, , se LY
TPR, translocated promoter region, nuclear basket pr AF1, TNF receptor associated factor 1; VCL, vinculin; WDCP, WD repeat and coiled coil containing.
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Salivary gland
Adult glioblastoma (0.5%), paediatric carcinoma
low-grade and high-grade glioma CEP8SL
CAPRIN1, CEP85L, CHCHD3, CLIP1, (G =
EEF1G, GOPC, KIF21A,KLC1, SART3, Repieary. thyrold

£ i carcinoma
ST13, TRIM24 or ZCCHC8 _——4CCDC30

NSCLC (~1-2%) . Anaplastic large
CCDC6, CD74, CEP72, CLTC, ] o
CTNND2, EZR, GOPC, GPRCGA, o 2o NPIEL
KDELR2, LIMA1, LRIG3, MSN, MYOS5C, Y !

OPRM1, SDC4, SLC34A2, SLC6A17, f . || Inflammatory
SLMAP, SRSF6, TFG, TMEM1068B, / ¢

TPD52L1, TPM3 or ZCCHC8 | APOB. PLG or RBP4

Spitzoid neoplasms (17%) [ J
CAPRIN1, CLIP1, ERC1, FIP1L1, — |57 N | "\ Gastric
HLAA, KIAA1598, MYOSA, ) ) | SLC34A
PPFIBP1, PWWP2A, TPM3 or e
ZCCHCS
| SLC4A4
IMT (~10%) t
FN1, TFG or YWHAE
GOLGB1

From Drilon et al. Nat Rev Clin Oncol. 2020;18:35-55.

Fusion partner frequency

NSCLC

45 = CD74
= (/R
= SDC4
= SLC34A2
= TPM3
ZCCHC8

hepatocellular adenoma Other
' Cholangiocarcinoma

GOPC

adenocarcinoma

2

* Pancreatic adenocarcinoma

+ Serous ovarian tumour

Different Break Points, Different Partners

E2A20 (VSa) In—
E2ins117A20 (VSD) | —

E6.A20 (Via) IS

E6ins33A20(V3b) [

EGATS I —

EGAT7 I

E13,A20 (V1) [om s e —

E14ins21:del113A20 R IR —
E15e160;del71A20 (V4) [ SN

E18,A20(VS) (I S —

E20:A20 (V2)

E21,A20

KIFSB-ALK KN7A20 S S
Ki24:A20

HIP1-ALK H21A20 B S —
H28.:A20 B

KLC1-ALK KLOA20 mE -
GCC2-ALK GC12:A20
LMO7-ALK LM15A20 I
PHACTR1-ALK PHT.A20 '] Fi— ]

5 Coiled-cod domain s HELP molif  swWD40 domain s Kinase domain s Kinesin motor domain
VLWEQ domain s TPR region domain - Calponin-homology domain s NLS ~ BERPEL1 repeat

Noh K-W et al. J Pathol. 2017;243(3):307-319. Drilon et al. Nat Rev Clin Oncol. 202018;35-55.

NSCLC

€D74-ROS1 (long) (exon 32) [N TROI—

¥
CD74-ROS1 (short) (exon mﬂq XD
EZR-ROS1 (exon w: Ko —
SLC34A2-ROS1 (long) (exon mq KD —
SLC34A2-ROS1 (short) (exon 34) - Ko—
SDC4-ROS1 (long) (exon 32) q KD —
SDC4-ROS1 (short) (exon 34) l'Ir—

Glioblastoma
GOPC-ROS1 (long) (exon 35) [T T B To—

+
GOPC-ROS1 (short) exon 35) [T ] Ko —
g

Domains M7

TFG-ROS1 (exon |'.)I . —
[ Ferm . Ko

I YWHAE-ROS1 (exon 36) [lTRBI—
L[ ¥

cc Spitzoid neoplasms

Broz PWWP2A-ROS! (ex0n 36) ) KD —

-
uxo PPFIBP1-ROS (exon 35) [l | IROM—
+

ROST fusions may be identified
in several solid tumors, and the
highest number of partners
has been reported in non-
small cell cancers, which
actually makes the biology and
the detection of these fusions
within lung cancer quite
difficult, which we’re going to
talk about a little bit more in
the next few slides.

So ROST and ALK fusions

and their accompanying
proteins end up being highly
heterogeneous because

of all of the partners that
they can associate with.

The most important thing,
however, is that in all of the
rearrangements, it actually
requires that the fusion protein
has a kinase domain that
remains functional. So while
the kinase domain remains
functional and remains intact,
then the associated portion
of the different genes that
become the partners of these
fusions are the ones that add
the heterogeneity to these
tumors.
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» Detects Protein expression - surrogate for

fusion

* No information on the breakpoint region or

the partner

* + Detects gene break — low throughput
+ Use fluorescent probes detect and localize
specific DNA sequences - Generally 1-2

gene targets

* No information of breakpoint region or partner |

+ Low throughput fusion product detection
» Detects few specific fusions depending on

design

* High throughput detection
« Comprehensive detection but depends on
assay type and design

P So given the very high

heterogeneity that these
tumors have and the location
of the fusion within the cell and
whether they in the cytoplasm
or remain bound to the cell
membrane, testing actually
may not be as simple as one
would think. There are four
main methods that are used
right now to test this in clinical
laboratories, one of them
being immunohistochemistry
and which does not test for
the genetic fusion, but tests
for expression of the protein,
either on the cell membrane
or within the cytoplasm. So

it is used as a surrogate for
the presence of a genetic
fusion, but this provides no
information on the partner or
the breakpoint region.

On the other hand, you
could use fluorescent in situ
hybridization (FISH). This is
a molecular method that is
very good, but is very low
throughput, and it detects

FISH, fluorescence in situ hybridization; IHC, immunohistochemistry; NGS, next-generation sequencing; RT-PCR, reverse transcriptase polymerase chain reaction.
Courtesy of Maria E. Arcila, MD.

the gene break, but it doesn’t
detect what the partner is.

So, with no information on

the partner of the breakpoint
region, it may not necessarily
reflect the entire biology or
whether the fusion itself or the
break is a functional break or
not.

And then on the other hand,
you can have assays that test
with polymerase chain reaction
(PCR) or with amplification
and seqguencing, and those

will be real-time PCR and the
next-generation sequencing
methods. Both methods are
good, except that one of them
is low throughput. So real-time
PCR or quantitative PCR is a
low-throughput method that
is designed to be specific for
the fusion that is known. As |
already explained, sometimes
you just do not know the
partner. So it decreases the
sensitivity of the assay to
detect every single fusion that
is present.

AHS

Medical Education

On the other hand, you

could do next-generation
seguencing, which is the
preferred method because it
can detect many of the fusions
very broadly, some of them
not necessarily knowing the
partner. But the identification
of the fusions fully depends
on the design of the assay,
and not all next-generation
sequencing assays are created
equal. So, when testing for
fusions, it is very important

to understand the pros and
cons of the specific assay that
is being performed either in a
local lab or in a laboratory that
you're sending out to.
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ALK IHC: Usually clearly positive or negative (95%), but occasionally equivocal (ALK D5F3 FDA approved)

POSITIVE:

Strong-moderate cytoplasmic staining with membranous accentuation

Sufficient to qualify for ALK inhibitors

Rare Cases -
equivocal 1+ staining

NEGATIVE

2018 Guideline:
Any weak equivocal staining
must be confirmed with
FISH/molecular

No further testing

FDA, US Food & drug Administration; FISH, fluorescence in situ hybridization; IHC, immunohistochemistry; NGS, next-generation sequencing.

Thunnissen et al. ALK testing with IHC. In: Tsao M;
2nd ed. North Fort Myers, FL: Editorial Rx Press; 2

o Highly-sensitive antibody for
ROS1 — D4D6 is commercially
available

o Fusion+ cases usually have
diffuse/strong staining

o Unlike ALK — it has imperfect
specificity (false-positive
staining in fusion-negative
cases)

Courtesy of Maria E. Arcila, MD.

R, Yatabe Y, eds. International Association for the Study of Lung Cancer (IASLC) Atlas of ALK and ROS1 Testing in Lung Cancer.

Patterns vary with ROS1 fusion partners
(Cytoplasmic +/- membranous accentuation,
some globular staining)

Strong/diffuse

Very quickly, either
immunohistochemistry, FISH,
or next-generation sequencing
can be performed for all
testing. Immunohistochemistry
(IHC) is very rapid and
provides an excellent
assessment for fusions with
nearly 100% sensitivity and
specificity. Cases that are
positive by IHC, they are
either truly positive or truly
negative, and there are only
rare cases that have a weak
positivity; however, these must
be confirmed with another
method, either FISH or a
molecular assay from the ones
that | just explained.

On the other hand, ROST7 is not
as easy to test with IHC. IHC
usually would show if you have
a fusion, a very strong staining,
and it is highly sensitive, but
the specificity is not as high.
So unlike ALK IHC, you can
have many false-positive
results. And then depending
on the partner, you can have

a distribution of staining that
may be either membranous

or cytoplasmic or globular,

and it could be very strong

or diffuse. And this is actually
reflecting the biology of these
tumors and which one is the
partner that that ROS7 gene is
associating with.
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o Nonspecific staining is typically
patchy and weak

o Rate of nonspecific staining
reported as 5%-10% (higher if focal

staining is included)

IASLC Guidelines

ROST1 testing must be performed on all lung adenocarcinoma patients, irrespective of Strong recommendation

clinical characteristics

ROS1 IHC may be used as a screening test in lung adenocarcinoma patients; however, | Expert consensus
positive ROS1 IHC results should be confirmed by a molecular or cytogenetic method. | opinion

IASLC, International Association for the Study of Lung Cancer; IHC, immunohistochemistry.
Tsao et al eds. International Asso

/O4S

ociation for the Study of Lung Cancer (IASLC) Atlas of ALK and ROS1 Testing in Lung Cancer. 2nd ed. North Fort Myers, FL: Editorial Rx Press; 2016:26-33

AGS

» Alexander Drilon, MD: Thanks

very much, Dr. Arcila, for a
really wonderful talk. | will
very briefly go through a few
guestions, which I'm sure our
listeners will be interested in.
So the first, of course, would
be which testing platform is
preferred to interrogate these
cancers genomically, not just
for ROST and ALK, of course,
but considering the broader
landscape of other oncogenes
that might be actionable.

Arcila: So usually the testing
platform, because it’s lung
carcinoma, you have so many
genes that you have to test for,
a next-generation sequencing
assay is the best way to go so

that you can test everything
up front. And because you
need tissue for the initial
diagnosis, it is preferred that
you test tissue first, because
you can have a morphologic
correlate to the diagnosis that
you’re making.

But, of course, if you do not
have tissue, plasma-based
testing could be performed,
but the assay has to be
created in such a way that you
can detect fusions, which may
not necessarily be the case,
because you have to flank
specific regions, and you have
to target those intronic regions
as well as detect them.

P Many cases can actually

have nonspecific staining,

and this is associated with a
very high intrinsic expression
of wild type ROSI. So for
these reasons, the current
guidelines recommend that
ROST should only be used as
a screening method, but any
type of positive result must be
confirmed with a molecular or
cytogenetic method.

So, I am happy to welcome Dr.
Alex Drilon to help us with the
next session.

As far as the next-generation
seguencing test itself, you

can do this with either DNA
or RNA. And some fusions
can be detectable by a DNA
assay when it is very well
targeted, and it also has a
design that will detect most of
these fusions. In the absence
of a fusion by DNA, my
recommendation would be
that you reflex that to an RNA
assay, where you may be able
to find a fusion that perhaps
didn’t have a partner that was
targeted by the DNA assay.

RNA assays can come in
many flavors, and there are
some assays that will detect
the fusions regardless of the

Practicing Precision in ALK and ROST Rearrangement Positive NSCLC: Testing, Targets, and Treatments - 9



partner that they have. There
are three, four different types
of assays that you could use.
So again, to reiterate what |
said, it is very important that
you actually know when you're
testing these that the assay is
created to detect the fusions
and in a broad and sensitive
way.

So, Dr. Drilon, as you know,
turnaround times for testing
have historically been very
challenging. In your clinical
practice, what are some of the
strategies that you integrate
to improve the receipt of
testing results, or what do you
typically do while you wait for
these results when you know
that they’re going to take a
long time?

Drilon: Yeah, it really takes a
more global view of what'’s
going on with a patient. If
it’'s someone that’s very sick,
then obviously we rely on
rapid tests. You mentioned the
turnaround time of plasma-
based testing, but then there
are also the ALK D5F3 stain,
which you mentioned, where
you can get an answer very
quickly. In those cases, if you
identify a driver, you move to
targeted therapy.

But in cases where you
can’t wait, then you will
want a systemic therapy like
chemotherapy plus/minus
immunotherapy that can

be very active. However, if a

patient can’t wait for more
comprehensive testing, then
that’s always the preferred
route because you can
choose the best first therapy
to start. And if you identify

an oncogene that can’t be
identified in early testing, then
you at least triage your patient
to the best possible treatment
up front.

Arcila: Alex, what do you
do when a patient presents
with suspected resistance?
We know that there are
some fusions that can
actually appear at the time
of resistance. How does this
impact your approach in
retesting the patient?

Drilon: The first thing I'll say

is that this hasn’t found its

way into the guidelines and
with very strong language.
Definitely, a lot of the
guidelines revolve around

early testing to identify these
drivers. But we know the utility
of interrogating the genome,
again, of these cancers in the
setting of resistance, because
especially if you find on-target
mechanisms like acquired
kinase domain mutations, there
are next-generation agents
designed to be active against
these mutations. And we've
seen clinical proof of principle
across different fusion types of
patients responding when they
hop from one pill to another.
So my personal approach is to

resequence a biopsy and/or
do plasma circulating cell-free
DNA to see which of these
resistance mechanisms can
help triage your patient to one
therapy over another.

Arcila: What are the
challenges, if any, that you face
when it comes to navigating
the insurance coverage for
things that are not getting the
guidelines and reimbursement
with regards to molecular
testing in this setting?

Drilon: Thankfully, we've seen
a trend toward less of that.
Less and less we've had to deal
with challenging insurance
denial. But of course, there

are situations where certain
payers don’t provide coverage,
and often we have to write
letters of medical necessity,
etc. | think that if despite all

of that you’re unable to get
coverage for molecular testing,
thankfully, a lot of clinical

trials offer testing. Many of
these are being done in the
metastatic state, but some are
even doing it for earlier stage
disease for the neoadjuvant or
adjuvant therapy. So there are
other channels or avenues to
potentially explore if you can’t
get coverage by insurance.

Arcila: Great, thank you so
much.
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ASS P Drilon: All right. So now we
R move into the treatment
section where we're going to
first focus on targeted therapy
for ALK fusion positive lung

cancers.
Alexander Drilon, MD
P And the first major section
ADHES .

deals with first-line tyrosine
kinase inhibitor (TKI) therapy.
Here, we're going to examine
the design of the regulatory
data sets that led to the
approval or the presentation
of the first major data sets for
many of these agents.
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KEY ELIGIBILITY

Advanced or metastatic
ALK+ NSCLC

ALK+ by central IHC testing
ALK inhibitor-naive

Alectinib
ALEX 600mg BID, n=152
J-ALEX 300mg BID, n=103

Brigatinib ENDPOINTS
ALTA-1L 180 mg QD, n = 137 o Primary:
- PFS

Lorlatinib Secondary:
CROWN 100 mg QD, n = 149 ORR

ECOG PS 0-2
Measurable disease

Asymptomatic brain
metastases allowed

os

CNS outcomes

Safety and tolerability
Patient-reported outcomes

ECOG PS, Easter Cooperative Oncology Group performance status; IHC, immunohistochemistry; ORR, overall response rate; OS, overall survival;
ly.

a et al. Lancet. 0(10089):29-39; Camidge et al. N Engl J Med. 2018;379:2027-2039;

Shaw etal. N Engl J Med. 2020;383:2018 jorn et al. 2020 WCLC, abstract 2.

P So here we have on this slide
a summary, a schema of many
different trials put together.
This really highlights that
there’s a common or shared
study design among these
regulatory trials. And you'll
note on the left that we have
patients obviously with a
bona fide ALK fusion-positive,
non-small cell lung cancer,
good functional capacity, and
who are treatment-naive with
measurable disease.

And you have the different
trials here seen in dark or light

Progression-Free Survival

PFS estmate (%)

10.9 months
(9.1-12.9)

red. In the dark red, you have
the trials that led to the FDA
approval of these TKils. In the
light red, you have a trial of a
drug that’s been reported but
does not yet have approval
within the United States.

For alectinib, you have the
ALEX and J-ALEX trials; and
brigatinib, ALTA-1L; lorlatinib
the CROWN trial; and for
ensartinib you have eXalt3.
And each of these TKIls was
randomized, so patients were
randomized either to this
next-generation TKI or to the

Overall Survival*

" i Result Crizotinib Alectinib HR
—— Alectinb (N=152)
TCnm'r\b‘Nzisv Median os

Censored

5-year OS

*OS data immature
34.8 months
(17.7-NE

T
2 18
Time (months)
3
8

Median PFS, mo

Final median PFS, investigator-assessed

Crizotinib  Alectinib

Patients with baseline CNS metastases

Patients without baseline CNS metastases

CNS, central nervous system; NR, not reached; OS, overall survival; PFS, progression-free survival

Camidge et al. J Thorac Oncol. 2019;14(7):1233-1243; Mok et al. Ann Oncol. 2020;31(8):1056-1064. Peters et al. N Engl J Med. 2017;377:829-838.

former standard of care, which
is the first-generation TKI
crizotinib.

Another shared feature would
be the primary endpoint, on
the right, of progression-

free survival, with the typical
secondary endpoints of
response survival, CNS
outcomes, and safety, that
we’re going to go through in
the next couple of slides.

So starting first with alectinib
in the ALEX trial, the topline
result here is that if you look at
the progression-free survival,
alectinib in the blue versus
crizotinib in the red, you can
drive a truck through these
Kaplan-Meier curves, showing
that there are meaningful
improvements in progression-
free survival with alectinib,
where you have a median of
almost 35 months compared
to a median progression-free
survival of almost 11 months
with crizotinib. Now that
occurred in patients with and
without CNS metastases, the
benefit where you saw the
difference or the divergence.
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P And here you see in the
Japanese trial, called J-ALEX,
a similar result, where you
see that the hazard ratio for
alectinib versus crizotinib

p RF-assessed otinib Alectinib was a very nice number at
Median PFS, mo 10.2 Not reached 0.34 and 0.37 for the IRF-

HR 0.34 assessed median progression-

P <.0001 free survival, and actually the
Final median PFS, mo 10.2 34.1 final median progression-

HR 0.37 free survival in this trial, just

showing again that next-
generation ALK TKI therapy
beats early generation TKI
therapy with crizotinib.

» Moving through different TKis,
we're next going to look at
the data for brigatinib, and
this was the ALTA-IL trial.

First prespecified interim analysis e e A.ﬂd while this table l.OOkS

BIRC?assZssed estimated 12—ymonth PFS, % different, the pu nch line here
HR is the same, that brigatinib did
P beat out crizotinib in terms

Second interim analysis : : of progression-free survival

BIRC-assessed median PFS, mo in several other outcomes
;'R on this study. And here you

see a hazard ratio of 0.49

Second interim analysis . ]
investigator-assessed median PFS, mo marching through the different

HR : prespecified interim analyses.

BIRC, blinded independent review committee; PFS, progression-free survival
Camidge et al. N EnglJ Med. 2018;379:2027-2039; J Clin Oncol. 2020;38:3592-3603.
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» Now we move to the third
drug, lorlatinib, on the CROWN
trial. And this was obviously
a more recent presentation

otinib orlatinib following on the heels of

BIRC-assessed median PFS, mo 9.3 NR the alectinib and brigatinib

HR 0.28 presentations and publications.

P <.001 But again here, you see that
12-month PFS, % 39% \ 78% with this third-generation ALK

HR 0.28 TKI lorlatinib, the hazard ratio

P <.001 is even lower at 0.28 compared
Investigator-assessed 12-month PFS, % 35% | 80% to crizotinib. Again, with the

HR 0.21 smarter design of these next-

generation TKIls, which were
built to include CNS coverage
and activity against certain
resistance mutations, we know
that the preferred strategy is
to reach for one of these next-
generation TKis.

P This next slide shows you all of
the TKIs stacked side by side.
On the far right you have the
first-generation drug crizotinib
Brigatinib orlatinib eritinib otinib in the PROFILE 1014 study,
ALTA-1 CROWN ASCEND-4 PROFILE 1014 and then moving from right to

ALEX J-ALEX
crizotinib crizotinib crizotinib chemotherapy chemotherapy left you have ceritinib in the
34.8 34.1 24.0 NR 16.6 10.9 - — | ’
(HR 0.43) | (HR 0.37) (HR 0.49) (HR 0.28) (HR 0.55) (HR 0.45) ASCEND-4 StUdy we d Id nt

discuss that today. As you can
see here, this is an agent with
intermediate activity between
crizotinib and the three other
drugs we discussed previously.

But if you look at the FDA-
approved agents alectinib,
S R : brigatinib, and lorlatinib, you’ll

: : see very nice hazard ratios
that are well below 0.5. In fact,
with lorlatinib you're seeing
the hazard ratio go to 0.28. So
the punch line for practitioners
is that these TKls are available
for use, and maybe in the
guestions we can get into how
to choose these agents or
choose from these different
agents.
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P We shouldn’t forget also the
eXalt3 trial which looked
at ensartinib, also a next-
generation TKI with similar
Crizotinib Ensartinib results or better than

ITT population crizotinib.
BIRC-assessed median PFS, mo

HR

P

Modified ITT population
BIRC-assessed median PFS, mo

HR
)

o ITT population: patients with locally tested ALK+ NSCLC
o Modified ITT population: all centrally ALK+ patients by Abbott FISH test

BIRC, blinded independent review committee; ITT, intention to treat; PFS, progression-free survival; NR, not reached.
Horn et al. 2020 World Conference on Lung Cancer. Presidential Symposium. Abstract 2.

ASHS > Now one feature that's
il important that was baked into
these next-generation TKils is
coverage of the CNS.
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» We know that if you look at
the cumulative incidence of
CNS progression or intracranial
progression-free survival,

Alectinib Brigatinib Lorlatinib that again the curves diverge

between crizotinib in red

and the later-generation

TKls alectinib, brigatinib, and

lorlatinib. And this is good for

A patients. You have protection

Gk Cteatic 1 of the sanctuary site from the

T acquisition of metastases, and

S this serves as an opportunity

to treat intracranial disease,

knowing that these cancers
do have a proclivity for CNS

Camidge et al. J Thorac Oncol. 2019;14(7):1233-1243; Mok et al. Ann Oncol. 2020;31(8):1056-1064. Peters et al. N Engl J Med. 2017;377:829-838. lodical Educotion S p rea d

k3

50

Brigatinib

(%ol patiests)

ib, 12:mo cumulative incider
ate: 9.4% (95% C1, 5.4-14.7)

i
£
2
s
£ 3%
§
E’

NS Progression Free

H
§
|
H
k]
3

Progression-free Survival
(% of patients)

Practicing Precision in ALK and ROST Rearrangement Positive NSCLC: Testing, Targets, and Treatments - 16



A%/_LQ » Now AI__K TKI therapy versus
il chemo, in case you are to ask,
this has been explored with
crizotinib randomization to
crizotinib versus pemetrexed,
cisplatin, or carboplatin

was done on that PROFILE
1014 study we mentioned,
and TKI therapy beat out
chemotherapy. So of course,
now we know that targeted
therapy is the preferred
approach over cytotoxic
chemotherapy.

KEY ELIGIBILITY Crizotinib

ENDPOINT:
ALK positive with central FISH 250 mg BID PO, . OINTS
testing” continuous dosing o Primary:

(n=172)
, Locally advanced, recurrent, or - PFS (RECIST 1.1, IRR)
metastatic non-squamous NSCLC o Secondary:

> No prior systemic treatment for ORR
advanced disease 0s

ECOG PS 0-2 Sy

Patient-reported outcomes
(EORTC QLQ-C30, LC13,
o Stable treated brain metastases EQ-5D)

Measurable disease

allowed

!

CROSSOVER TO CRIZOTINIB
PERMITTED AFTER PROGRESSIONT

determined using standard ALK break-apart FISH assay.
ion factors: ECOG PS (0/1 vs. 2), Asian vs. non-Asian race, and brain metastases (present vs. absent).

TAssessed by IRR

AUC, area under the curve; BID, twice daily; ECOG PS, Eastern Cooperative Oncology Group performance status; FISH, fluorescence in situ hybridization; IR, independent radiologic review; A)’.*.S

NSCLC, non-small cell lung ; ORR, overall response rate; OS, overall survival; PFS, progression-free survival; PO, orally; q3w, every 3 weeks. BTAY

Solomon et al. N Engl J Med. 2014;371:2167-2177.

Crizotinib Chemotherapy
(n=172) (n=171)

Events, n (%) 100 (58) 137 (80)
Median, months 109 7.0
HR (95% CI) 0.45 (0.35-0.60)

P <0.0001

& 2] -3
o o o

PFS probability (%)

N
o

15 20
Time (months)
No. at risk

Crizotinib 172 38 19
Chemotherapy 171 12 2

PFS, progression-free survival.
Adapted from Solomon et al. N Engl J Med. 2014;371:2167-2177.
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KEY ELIGIBILITY

Stage IIIB/IV ALK+ NSCLC by
Ventana IHC test (central)

Untreated with any systemic
anticancer therapy (except
neoadjuvant or adjuvant systemic
therapy [if relapse had occurred
>12 months from the end of
LGEIET)]

WHO PS 0-2

Neurologically stable brain
metastases (symptomatic or not)

Stratified randomization:

O PS
Brain metastases

Prior neoadjuvant/adjuvant chemotherapy

Ceritinib
750 mg/day
Daily oral dosing in fasting state

lOptional

Ceritinib
750 mg

Optional
Crossover
to
extension
treatment

AUC, area under the curve; BIRC, blinded independent review committee; CR, complete response; IHC, immunohistochemistry; NSCLC, non-small cell lung cancer;
PD, pros R, p nse; PS, performance status; g21d, every 21 days; R, randomized; SD, stable disease; WHO, World Health Organization.

Soria et al. Lan

Ceritinib d

ES
Z
3
£
&
»
o

d 45% risk reduction vs ck herapy

=a -
Ceritinib Chemotherapy
(N=189) (N=187)

Events, n (%) 89 (47.1) 113 (60.4)
Median (95% CI), months 16,6 (12.6-27.2) 8.1 (58-11.1)
Hazard ratio (95% CI) = 0.55 (0.42-0.73)
Stratified Log-rank P<0.001

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 M

Time, months

109 155 139 125 116 105 98 76 S 4 2 2 16 N 1 1
187 13 M4 82 71 60 6 3/ 24 W 1N 6 3 1 1

PFS, progression-free survival
Adapted from Soria et al. Lancet 2017;389:917-929.

P This was echoed in ASCEND-4,
a ceritinib study where, again,
randomizing patients to
ceritinib versus chemotherapy,
you have improvement in
progression-free survival
with targeted therapy versus
chemotherapy, just really
summarizing that when an
ALK fusion is identified and
that’s known, the targeted
therapy should be used first,
preferably with one of the
three drugs that we mentioned
earlier: alectinib, brigatinib, or
lorlatinib.
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ALK
Inhibitor

Alectinib
Brigatinib
Ceritinib
Lorlatinib

Trial(s)

NP28673
Phase 2

AKS

Reference(s)

Qu et al. J Clin Oncol. 2016;34:661-668.
Shaw et al. Lancet Oncol. 2016;17:234-242.

Phase 2 ALTA

Kim et al. J Clin Oncol. 2017;35:2490-2498.

ASCEND-5

Shaw et al. Lancet Oncol. 2017;18:874-886.

Phase 2

Solomon et al. Lancet Oncol. 2018;19:1654-1667.

Ettinger et al. NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) Non-Small Cell Lung Cancer. Version 5.2021.

>

Is there a role, however, for
sequential TKI therapy?

P And the answer is yes,

especially in patients who
might get a drug like alectinib
or brigatinib, for example,
who develop acquired on-
target or kinase-intrinsic
resistance. We know that
agents like lorlatinib have FDA
approval in the second- or
third-line space, and we’ve
seen substantial activity

in patients with acquired
kinase domain mutations

that render resistance to the
earlier-generation agents,

but for which lorlatinib has
activity. And there are newer
generation agents that are
currently in development that
may add to the list that we
currently have on clinical trials.
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Alectinib Brigatinib
Dose reduction 20%

Lorlatinib Ceritinib
22% 20%

AE profile Transaminitis

includes

ors.
1064; Camidge et al. N Eng J Med. 2018;379:2027-2039;

Solomon et al. N Engl J Med. 2014;371:2167-2177.

Pneumonitis

Hyperlipidemia, Gastrointestinal
Cognitive changes side-effects

AKS

P Arcila: Thank you so much,
Dr. Drilon. Would you mind
providing a brief recap of
the current clinical practice
guideline recommendations
for ALK-targeted agents in the
first and subsequent lines of
therapy including the recent
addition of lorlatinib and the
CROWN trial?

Drilon: When you know a
patient has an ALK fusion
and they’re treatment naive,
the preferred initial strategy
is targeted therapy. Of the
targeted therapies, alectinib,

brigatinib, and lorlatinib
currently have regulatory
approval, and any of those
would be a reasonable choice
for a patient who is TKI naive.

In subsequent lines of therapy,
my personal preference is to
consider the genomics of the
cancer, and if you're seeing off-
target resistance or polyclonal
resistance, perhaps reach for
chemotherapy, plus or minus
immunotherapy. However, if
you’re clearly seeing on-target
resistance, then going from a
drug like alectinib or brigatinib

Finally, a brief word on

safety. Many of these TKis

are amenable to chronic
administration and are
tolerable. And here in this slide
you will see, however, that
there is a somewhat different
profile of adverse events. If you
look across the TKils, you might
see a little more transaminitis
with alectinib, pulmonary
events with brigatinib, which

is why you do a step-up dose
by way of the recommended
dose of the drug. Lorlatinib,
you see hypercholesterolemia,
cognitive changes. And

of course with ceritinib at

the full dose, you can see
gastrointestinal side effects.

to lorlatinib that covers a wider
swath of resistance mutations
is something that | would do.

Arcila: Great. And for patients
who are ALK positive, can
you share your approach

for treatment selection and
how you differentiate among
the currently available ALK
targeted agents and both for
front and subsequent lines of
therapy?

Drilon: No one has really put
down their penny and said

you must do this one pill, and
it’s a bit of an art deciding in
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clinic. So it comes down to the
tolerability and comorbidities
that patients have. If someone
has very bad lungs and you're
worried about the pulmonary
events that might occur

with brigatinib, | might use
alectinib. If you start out with
a drug like alectinib and see
the transaminitis, then it’s
reasonable to switch to one of
the other TKis.

Many have talked about

the utility of lorlatinib, and
certainly it has the best hazard
ratio of the three, however, we
do see a very high frequency
of hyperlipidemia, and you
have cognitive changes. And
so there’s the argument that
has been made that tolerability
might not be as great as with
alectinib or brigatinib, but still
if you want to be aggressive in
someone who you may have

started the lorlatinib without
tolerability issues, you know,
it certainly bodes well for
them to possibly stay on the
treatment for longer, even
though we have no head-to-
head comparisons.

Arcila: What about the
challenges with brain
metastases in lung cancer?
Can you share your
perspective about the
intracranial responses across
the available TKIs?

Drilon: I'm very happy that
drug design has caught up
with this question of sanctuary
site coverage. And we've seen
the data that these drugs can
work very well in the CNS,
both against existing disease
and for the prevention of
metastatic disease. So unlike
crizotinib, which you would

AGS

argue could be suboptimal, |
think the alectinib, brigatinib,
and lorlatinib give you

the extra confidence that
you're covering the CNS
compartment.

Arcila: Great, thank you.
Drilon: You're welcome.

All right let’s move right in
our virtual tumor board, and
we’ll try to go through one
case study. I'll ask you some
questions, and you’ll ask me
some questions as we go
along.
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P For the audience, we have
a 32-year-old woman never
smoker, presents with a 3-cm
lung mass, widespread disease

32-year-old woman never smoker who has a 3-cm lung mass, multiple with multiple intrathoracic lymph
intrathoracic enlarged lymph nodes, liver and bone metastases nodes, liver and bone metastases.
A biopsy specimen of a liver metastasis shows adenocarcinoma consistent A biopsy of the liver met shows
with a lung primary adenocarcinoma, consistent
o PD-L1 expression is 95% with a lung primary. High PD-L1
o Outside testing shows no EGFR mutations and KRAS was not mutated expression at 95%, and outside
o Plasma ctDNA testing returns negative molecular testing shows no EGFR
mutations. KRAS wild-type, and
From a diagnostic perspective, what is the next step? plasma ctDNA testing returns
“negative.”

Dr. Arcila, from a diagnostic
perspective, what do you think is
the best next step?

Arcila: So for a patient that has
been tested with a very targeted
assay, so in this case just EGFR
and KRAS, then the best next
step is to do next-generation
seguencing to be able to profile
that broadly. The plasma ctDNA
testing, even though it came
back negative, as you know, there
is just a very large biological
difference on how differently
patients with lung cancers shed
cell-free DNA in circulation. So
any negative results should be
interpreted as a false negative
until proven otherwise.

P Drilon: Wonderful, and that’s
exactly what they did. The tumor
was sent for next-generation
seguencing using a DNA-based

o Tumor sample sent for next-generation sequencing using DNA-based assay assay, and a comprehensive
o Comprehensive evaluation including multiple fusions, mutations and copy evaluation including fusion
number changes in 450 genes was unremarkable for an oncogenic driver interrogation, mutations, copy
number changes in hundreds of
From a diagnostic perspective, what is the next step? genes was unremarkable for an

oncogenic driver.

Dr. Arcila, what should someone
consider doing in this situation?

Arcila: So given that this was

a next-generation sequencing
assay that was DNA-based,
depending on the assay, of
course, my next approach would
be to test RNA to ensure that we
didn’t miss any type of fusions.
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p Drilon: Great, and that'’s also
exactly what they did.

Leftover tumor was sent

Leftover tumor is sent for RNA-based targeted sequencing Zzgsgri}:gsiﬁetj rt?’weetr??ound

An EML4-ALK fusion is identified an EML4-ALK canonical

An MRI of the brain shows a few subcentimeter lesions fusion. and an MRI of the brain

The patient is asymptomatic except for a mild cough showed a few subcentimeter
lesions.

Arcila: So, Dr. Drilon, the
patient is asymptomatic
except for a mild cough. In a
patient like this, what is your
preferred treatment?

What is your preferred treatment?

Drilon: | would really reach
for targeted therapy first,

and we discussed the three
options: alectinib, brigatinib,
and lorlatinib. There’s currently
no correct answer, but for a
patient like this, | might start
with alectinib, which we know
would cover the extracranial
disease and cover the
intracranial disease.

P> Arcila: This patient was treated
and had 2 years of disease
control with therapy. But then
thereafter, a solitary bone

o The patient was treated with brigatinib and had 2 years of disease control metastasis with a substantial

with therapy soft tissue component begins

o Thereafter, a solitary bone metastasis with a substantial soft tissue to grow. What do we do with a

component begins to grow patient like this?

Drilon: I'll ask you what you
think, as well, but | would
prefer to do a biopsy of that
soft tissue component, and
then | would send it your way.

What is the next diagnostic step?
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o Biopsy of the metastatic lesion confirms lung adenocarcinoma

o Molecular profiling shows persistence of the ALK fusion, now with an
acquired ALK G1202R mutation

What is the next therapeutic step?

P Arcila: So the key thing here

is the fact that it’s a bone
metastasis. From the testing
perspective, testing bone
metastasis is a difficult thing,
because usually these lesions
tend to be decalcified, and
they end up having either

a failure of testing or they
have a false negative, which
is associated with some of
the fibroblast or the fibrous
component of the biopsy
being the one that provides
the DNA component for the
testing.

So, when testing bone
lesions, it is very important
to ensure that the biopsy is
obtained and that there is
explicit information for the
lab to ensure that it doesn’t

get decalcified and that the
testing gets done in tissue that
is either fresh or decalcified
without acid, such as EDTA, for
example.

Drilon: To end the story,

the biopsy confirmed lung
adenocarcinoma, and
molecular profiling showed
that the ALK fusion was

still there but now with

the acquired ALK G1202R
mutation. And the final
guestion is, what'’s the next
therapeutic step? And of
course, we know, as has been
mentioned, lorlatinib has
activity against resistance
mutations including G1202R,
so | would sequence this
patient on the lorlatinib on
progression.

AHS

Medical Education

The last thing I'll say is that

if this were true solitary site
progression | would probably
radiate that met first and
continue the brigatinib until
more widespread progression,
after which | would consider
switching to lorlatinib, just
highlighting the utility of local
therapy in the face of solitary
or oncoprogression.
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ASHS P Drilon: In the last section,
il we're going to switch to
ROST fusion-positive lung
cancers and tell you the data
surrounding targeted therapy
in this space.

Alexander Drilon, MD

»  We'll start with this first table
that shows you different ROSI
TKls that have been explored
in different trials that are listed

. NCCNi . Trial(s) Reference(s) in the third column there for
ecommendation . . .
First-Line Therapy patients with ROST fusion-
ETECH Entrectinib® | ALKA-372-001 | Drilon et al. Lancet Oncol. 2020;21:261-270. positive lung cancers. For your
STARTRK-1 : :
STARTRIC2 r_eference, the pu_bl|cat|ons are
Crizotinib PROFILE 1001 | Shaw et al. N Engl J Med. 2014;371:1963-1971. listed off to the right, so you
Other recommended (om0 Phase 2 Lim et al. J Clin Oncol. 2017;35:2613-2618. can check them out.
Sub t Th , .
UL But we'll start by walking back
Lorlatinib Phase 2 Solomon et al. Lancet Oncology. 2018;19:1654-1667. L .
Shaw et al. J Clin Oncol. 2019:37:1370-1379. to the definition of generation.
Entrectinib | ALKA-372-001 | Drilon et al. Lancet Oncol. 2020;21:261-270. And as you’ve heard in the last
(CNS PD)** | STARTRK-1 . ) .
STARTRK-2 section, crizotinib was thought
to be a first-generation ALK
i o yimarty ot paentwih NS prograssionahr ot TKI. Then you have second-

Clinical Practice Guidelines in Oncology (NCCN Guidelines®) Non-Small Cell Lung Cancer. Version 5.2021

generation drugs like alectinib,
for example. And then you
have later-generation agents
like lorlatinib. It doesn’t quite
work out like that in the ROSIT
space, so don’t equate the
generation that you attribute
in the ALK space to the ROST1-
TKI space.
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Inhibitory activity of ROS1 TKis against different ROS17 fusions in Ba/F3 cell assays
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Lim et al. (2) 67% 21.0 19.3 24.0
Gettinger et al. (1) 100% - - -

And here in this slide, you'll

see actually that drugs have
different potencies. So we’ll call
out brigatinib, which is not a
first-generation drug, but you
see here that the IC-50s against
ROS1 are in the same range as
crizotinib. So it really challenges
our view of generation when we
move from oncogenic driver to
oncogenic driver.

And here you'll see that lorlatinib
is still considered a later-
generation drug along with
repotrectinib, but everything else
the IC-50s seemed to drift above
that, meaning be higher or less
potent against ROST1. So keep
that in mind.

With that being said, the early-
generation ROST TKis, and we're
going to call those crizotinib,
entrectinib, ceritinib, and
brigatinib, have been explored in
prospective clinical trials. You see
here that, very interestingly, the
objective response rates seem to
cluster right around the high 60s
to the 70s across many of these
programs. The other thing also is
that the median progression-free
survival, the numbers for many
of these trials are in the order
again of around 16 to a little over
22 months.

And so what we haven't seen
quite yet here that you saw
earlier with ALK is that any of
these early generation TKls have
really exceeded dramatically

the activity that we see with
crizotinib. But in terms of
selection, of course, there are
certain features such as CNS
coverage, that we'll get to in a
later slide, that might make you
pick one of these drugs over
another. Before we leave the slide,
just a quick reminder that only
crizotinib and entrectinib have
regulatory approval for ROST
fusion-positive lung cancers, and
the others, as yet, do not.
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P So here in the next slide,
echoing what we saw with
ALK, you see the comparison

S of ROS1 TKIs against
; e o E.6mo ot chemotherapy. And as
0 ORR 83.9% 56.5% .002 .
. aomo s I opposed to the prospective
80.0% A08% S0 studies that you saw earlier,
anP 9.4 mo 3.5mo <.05

here you'll see retrospective

R e, 0 24 =5, ek (1<) s (=2 - R series, knowing that ROST
or gemcitabine (n = 4) .
Piina pometened (55 S v e ) - is a less frequent event
(95% CI 6.8-10.8) )
T T compared to ALK, that I've
(95% Cl 29.8-57.4) (95% CI 6.9-10.3) .
AT - Som shown that if you compare
o Borcel] - B crizotinib to platinum-based
Pemetrexed-based (n = 90) 53.3% 8.0 mo .
Drilon et a Pemetrexed-based (n = 10) = (95%:3':‘:"-7) ChemOthera py’ that agaln
Alone or combination with a platinum _agen( + bevacizumab yo U S ee a n | m p I’OVG m e ﬂt W | t h
(EUROS1) e e s o ot o
: - e S ) A targeted therapy, underlining
BifeoGic et el that we should choose

targeted therapy in this space,
when we know that a ROST
fusion is present, rather than
chemotherapy.

P But like | said in the last slide,
one thing to keep in mind
when we choose between

Overall Response Intracranial Response these ta rgeted therapies

;o is coverage for the CNS.
MUUUUU’ H H ’ ‘ And arguably one of the
I« most developed data sets
: ‘ for CNS coverage of the
early-generation TKils is
Overall Survival entrectinib. And you see that
this trial was enriched for
patients with baseline brain
metastases—43% had known
brain metastases at trial entry,
. T T . compared to much lower
) A AR SRS B B SEbBBESoLEEd b frequencies for crizotinib and
Drion ot al. Lanc Orol, 2020:21261-270 the other drugs. And even
though those top line results
seem to be comparable, if you
look at certain series, knowing
that the entrectinib trial was
enriched for bad actors with

CNS disease but still the report

card was comparable to the

other agents, | tend to prefer

this drug over crizotinib for a

ROSI-TKI-naive patient.

And you see the intracranial
response on the upper right,
as well as the time to CNS
progression on the lower right.

Pationts free of CNS progression (%)
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P And this is one retrospective
series that showed that
when you look at real-world
evidence, if you compare

o0 1588

Time to Treatment Discontinuation Overall Survival . o o
P———— . crizotinib to entrectinib, that

= P SIS s | you do see a divergence in the

i v Pl g curves for time, the treatment

discontinuation, and also an
overall survival, providing a
substrate again for making the
decision to potentially choose
entrectinib as the TKI of choice
Crizotinib Entrectenib in the TKl-naive space. NOW,
8.8months | 14.6 months the guidelines aren’t concrete
about choosing entrectinib
over crizotinib, but these are
Dosbeo o o .G Qneal 2012152070 the things | think about when

| choose one of these TKiIs for
my patients.

X

Prapoten ofpesents orvosrmrt
8

~20 months Not reached

P This is a summative slide
where you see graphically
in the bubble plot all of the
early-generation TKls against
T naive ROSI1 stacked up against the
kil next-generation drugs like
¥ repotrectinib and taletrectinib
in the purple and the blue. And
the point here that we're trying
to make is, especially if you
include lorlatinib in the orange,
when you look at objective
response rate, things again
seem to cluster, but they do so
- as well for median progression-
Median PFS (months) free survival.

PFS, progression-free survival; TKIs, tyrosine kinase inhibitors.
Drilon et al. Nat Rev Clin Oncol. 2021;18:35-55.

The bar for the approval of
one of these later-generation
agents, as a replacement

for crizotinib or entrectinib,
will really be contingent on

a meaningful improvement

in progression-free survival,
which we have yet to see with
the next-generation agents.
We hope that with more
mature data you'll see that the
Ns here are very low for the
next-generation drugs that we
might see that divergence that
we saw with ALK, but we need
to sit tight and wait to see how
the data mature in this space.
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P Thankfully, there are things
that the next-generation drugs
still remain good for, if you

- don’t use them in the TKl-naive

e H ﬂ space. And that again parallels
= ' what we spoke about in ALK,
b H that on-target resistance can
i I] ‘= be acquired with ROSI-TKI

W ol
therapy. This is in the form of
b A . acquired ROSI1 kinase domain
{‘fﬂ mutations that are displayed
e XI5 here.

TKI, tyrosine kinase inhibitors,
Drilon et al. Nat Rev Clin Oncol. 2021;18:35-55.

» Thankfully, these next-
generation agents like
repotrectinib, for example,
taletrectinib, have been
designed with a shared feature
of a smaller macrocycle that
avoids the steric penalties of
these substitutions that occur
as a result of these mutations.
And so you effectively re-
engage the kinase domain
and shut down the oncogenic
signal.

TKIs, tyrosine kinase inhibitors.
Drilon et al. Cancer Discov. 2018;8:1227-1236.
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TKI naive

ORR 62-91%

TKI pre-treated
ORR 33-39%

12
Median PFS (months)

ORR, overall response rate; TKIs, tyrosine kinase inhibitors.
Drilon et al. Nat Rev Clin Oncol. 2021;18:35-55

Repotrectinib

o FDA fast-track
designation 8/2020
(prior chemo and 1-
2 prior ROS1 TKIs)

And as such here in the next
slide, you are seeing on the
lower left, this time, overlaid
on the data that we saw in the
prior slide, that we are seeing
activity in TKl-pretreated
cases with repotrectinib

and lorlatinib, including
taletrectinib, there in the red.
So there is a potential for us
to do sequential TKI therapy,
as is the case with ALK fusion-
positive lung cancers.

Finally, a word on safety,
before we end this section.
It’s currently unclear what the
consequences are of ROSI
inhibition in non-neoplastic
cells. So in simple terms, we
don’t quite know what the
side effects are of pure ROSI
inhibition. If you look at the
preclinical studies, there are a
few things that are called out
that don’t really make their
way into a side-effect profile of
these drugs.

And the other reason we
don’t really know is that all of
the drugs that are currently
available in clinical trials

that we know about are
multikinase agents that also
inhibit other kinases. So you
have the confounding effect
of inhibiting TRK that can give
you a certain profile of adverse
events, MET that can do the
same thing, and ALK. So just
something to keep in mind.
That's an interesting nugget
about the biology and as it
relates to safety in the clinic.
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P Arcila: Thank you so much,

Dr. Drilon. Can you provide a
recap of the clinical practice
guidelines for ROST testing
and the recommended use of
ROSI1-targeted agents?

Drilon: Thankfully, a lot of the
learnings in ALK can directly
be applied to ROST, and it’s
the same shebang. If you know
that a ROST fusion is present,
the recommendation is to start
with targeted therapy. There
are two FDA-approved agents,
crizotinib and entrectinib.

I've shared my personal
preference, even though there
is no strong recommendation
in the guidelines. | tend to
choose entrectinib because of
that potential element of CNS
coverage. | would certainly

do it if someone had a brain
metastasis at diagnosis, just

AGS

leveraging the data that we've
seen.

In the subsequent post-
TKI space where patients
have progressed, | would
think about resequencing
the cancer, looking to see if

certain mutations are acquired,

because now we have

clinical trials of repotrectinib,
taletrectinib, and actually in
the NCCN Guidelines, we have
the potential use of lorlatinib
in the TKI refractory setting
where we’ve seen proof of
concept that patients have
responded to a second pill
after progressing on a first pill.

Arcila: So, Dr. Drilon, is there a
role for other treatments, such
as chemo for these patients?

Drilon: Yes, absolutely. And
we've shown that pemetrexed-
containing chemotherapy

that may be platinum-doublet
inclusive can work very

well for ROS1. So if you've
exhausted your TKI options,
going to platinum pemetrexed
backbone, with or without a
third agent, is something that |
would certainly do, and we've
seen it work.

Immunotherapy | would
hesitate to give it by itself,
because we’ve seen that
these cancers tend to be TMB
low, and when you look at
responses to new checkpoint
inhibitors, the batting average
is also very low. So if | were

to consider immunotherapy,

I would probably consider

a chemotherapy and
immunotherapy together,
rather than giving
immunotherapy by itself.

Arcila: Okay, great. Thank you.
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ASHS » Drilon: Now we move on
SEEN to the final section of this
presentation where we have a
virtual tumor board 2, and we
have a ROSI1 case for you.

P A 65-year-old man former 50
pack-year smoker presents
with multiple bilateral
pulmonary nodules and brain

65-year-old male, former smoker with 50 pack-year history, presents with metastases. A biopsy of a lung
multiple bilateral pulmonary nodules and brain metastases nodule shows adenocarcinoma
Biopsy of one of the lung nodules positive for adenocarcinoma consistent consistent with a lung primary,
with a lung primary and a contralateral nodule
A contralateral biopsy specimen is morphologically similar biopsy is morphologically
o DNA-based next-generation sequencing finds no actionable drivers except a similar. DNA-based next-
complex ROST rearrangement of unknown significance generation sequencing finds
no actionable drivers except

What is the next diagnostic step? uneqguivocal complex ROST

rearrangement of unknown

significance.

Dr. Arcila, what would you do
in this situation?

Arcila: So in this case, | think
that you can do an RNA-based
assay, would be my next thing
for testing. So the fact that if
you do find the fusion, then
that means that the fusion

has been transcribed and is
more likely to be something
that is productive and perhaps
actionable. And | think that
you could of course test as
well by immunohistochemistry,
but | think that the role of
immunohistochemistry for
something like this would not
be as helpful. | would say the
RNA assay would be the best
thing to do.
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o FISH testing confirms ROS17 probe break apart and RNA-based targeted
sequencing finds an EZR-ROS1 fusion

o While testing was being performed, a local oncologist began carboplatin,
pemetrexed, and pembrolizumab with a notable response after 2 cycles

What is the next therapeutic step?

It so happened that this
patient actually had a FISH
testing, which confirmed the
ROSI. And just to mention that
you can also do, of course,
FISH testing, but FISH testing
does not necessarily provide
what the partner is going to
be.

And then of course, this
patient not only had the ROSI1
break-apart probe by FISH,
but also had the RNA-based
targeted sequencing. And
these actually found a fusion
involving EZR and ROS].

So while testing was

being performed, a

local oncologist began
carboplatin, pemetrexed, and
pembrolizumalb, with a notable
response after two cycles.

So, Dr. Drilon, now that you
have these results of the
molecular testing, what is the
next therapeutic approach?

Drilon: This is a very common
question, because sometimes
the molecular findings come
back after you’ve started
therapy, and my answer is
always if it works very well and

AHS

Medical Education

you do a scan showing that
the chemoimmunotherapy
achieved an optimal response,

| would just continue

through until progression or
intolerability, and then consider
switching the targeted therapy.

However, if you do a scan and
the response is suboptimal
from the get-go, | would very
quickly switch to targeted
therapy. And as | mentioned,
my preference would be to use
entrectinib.

Practicing Precision in ALK and ROST Rearrangement Positive NSCLC: Testing, Targets, and Treatments - 33



o Chemoimmunotherapy was continued for 1 year after which widespread

progression was noted

o Anew liver lesion was biopsied but was inadequate and a second biopsy was

not deemed feasible

o Plasma ctDNA identified a ROS71 G2032R mutation; however, a ROS1 fusion

was not detected

Does the absence of a ROS1 fusion preclude
any further ROS1-directed therapy?

Arcila: So that’s exactly what
happened with this patient.
The chemoimmunotherapy
was continued for 1 year, after
which widespread progression
was noted. And the patient
developed a new liver lesion
that was biopsied but was
inadequate, and a second
biopsy was not being feasible.

So in this case, plasma was
tested for circulating tumor
DNA, and this identified a
ROSI-G2032R mutation.
However, the ROST fusion
was not detected. So does
the absence of a ROST fusion
preclude any further ROSI-
directed therapy?

Drilon: Not at all, and I'm
going to throw this back to
you in a second to see what
your thoughts are. But in

this case, the ROST fusion

is likely there but possibly

not detected on the blood
test. And so | would take the
G2032R mutation as evidence
of on-target resistance and
consider next-generation

TKI like repotrectinib or
taletrectinib has been shown in
the laboratory to have activity
against this.

But Dr. Arcila, I'm curious if you
see this situation where plasma
may not pick up a fusion, but
something else pops up.

Arcila: Yes, actually, this is

a very common finding. So

as you know, the fragments

of tumor that are circulating

in plasma are very small
fragments. And designing

an assay to target very
fragmented DNA is extremely
difficult, and you may end up
with a false negative because
the template is just very low
and fusions are just difficult to
characterize with a cell-free
DNA assay. So the fact that
this resistance mutation is
there, it basically tells you that
the ROST fusion is still there, it's
just not detected by the assay,
and that’s purely due to the
limitations of the technology.

Practicing Precision in ALK and ROST Rearrangement Positive NSCLC: Testing, Targets, and Treatments - 34



AKS

P Drilon: Thanks, Dr. Arcila. And high biologic variability, it is go. And you've seen the data
thanks to everyone for joining important to choose an assay on many of these TKils that are
this program, we’re going to that can provide a broad highly active, higher response
end with a few takeaways. assessment up front. If you rates, long progression-

And I'm going to ask you, Dr. have a very small biopsy, it is free and overall survival and
Arcila, to give your diagnostic better to just utilize a next- activity in the brain. So that
takeaway on the fusions, and generation sequencing assay would be my preference.

I'll end with my th_erapeutic that can detect _these as fast And finally, in the resistance
takeaway for our listeners. as possible and in a broad

setting, because of intelligent
drug design, we have next-
generation pills that are able

manner. From the testing, |

Arcila: So from the testin
J think that that is the very key

perspective, it is extremely

important to recognize feature. to overcome the penalties
what the limitations are for Drilon: And of course, once of resistance mutations that
testing. And because there you find these fusions, it’s very might be acquired with the
are so many fusions, so important to highlight that earlier-generation agents.
many partners, and there is targeted therapy is the way to

P And with that we end our
program. Thank you so much
for joining us again, and | hope
this was helpful to all of you.
Thank you, Dr. Arcila.

ATS

Medical Education

Practicing Precision in ALK and ROS1

Rearrangement-Positive NSCLC:
Testing, Targets, and Treatments

Arcila: Thank you.
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