Biologic and metaphysical limits to pursuing precision oncology

Keith T. Flaherty, M.D.

Massachusetts General Hospital Cancer Center

| MASSACHUSETTS
L ' GENERAL HOSPITAL

CANCER CENTER




Disclosures

- Board of Directors: Loxo Oncology, Clovis Oncology, Strata Oncology, Vivid
Biosciences

- Corporate Advisory Board: X4 Pharmaceuticals, PIC Therapeutics

« Scientific Advisory Board: Sanofi, Amgen, Asana, Adaptimmune, Fount,
Aeglea, Array BioPharma, Shattuck Labs, Arch Oncology, Tolero, Apricity,
Oncoceutics, Fog Pharma, Tvardi

« Consultant: Novartis, Genentech, BMS, Merck, Takeda, Verastem, Checkmate,
Boston Biomedical

MASSACHUSETTS
GENERAL HOSPITAL

CANCER CENTER



o (N1 AR A A R RSPt

GATAS i 1 il | | | AR R TS | Hlmh

Landscape ﬁvampHufumﬂMMw

RN LR A M'l\H‘!'I"ﬁH ' I\:Ill‘
i ‘”| ! \ ]‘ u.'\ H|"‘!| i|| Lm;l 1 W‘ﬁw }:] | I I, II|ILJ
|

T u|'\ il
N .| |+ I \ll\ 8 UL (LI |\|| I | \lfl | lll“”'l 111 WH” N il \Il |‘L| \|H \‘ | H \ | |"| U H‘TI
Of Somatlc NNNNN ||:I Ml ‘| ‘I ol | J\ .l hl | Il|| | | HF!: \||||” I I&IHI ||! \ﬂ “ ! |plnl|uh|! | H|| |! i “H\:“W PL | ”l
. Ksﬁzlh A RURCR TR .I‘IIIII il o '||';||||||| ||w | |\au| 'H'\Inn'l u lIIIII\HII fil wm HlH ‘lu‘ \”
g e n etl C TCGA PANCANCER .2‘#211“."[{': |||rl+ﬂl‘"* L"II 1] |i ||||\:\|||J| | |l+\. L0 L ||| || I I| ‘|l||||| i”m ”lﬂ#“ ' | l\”|”|1|m \|| |‘ | ||”u||n‘\ \! m“l H! ||I| Tul&"l‘% H ll‘“‘ t |IIHIJ\ l‘l |} II| HJ

il Mr H

- Murated Genes H%EE:HI ‘ |I‘I I‘IIH,I | I’ \III |\ II I‘ |\ | H hll Illh \I\I" ‘L: ‘I‘”I‘) WII”I Ii IH ‘II’M |I ‘ IIH Ml "1 l\ ”l \llh I“'\III B HII”
alte ratlons T - “HH\II l|w||||||\|| |||\| IHIII I\ H I\III|‘|I iy \l \”II\ \|II||III|fIIIHIbI‘|IIIII’I”I| Il‘LItHrIIIIII‘II | IIllw ::‘I |H|III‘ II ‘IH "IIIII I\HI‘|I N“III" IIII II‘H II\I

CCCCCC H I\I | Ifi L I \ I \ [ IHI L 1 I Illh\U |
"

2 R |M|.‘.‘|'w|..‘|"h' W, g |.'u|"||\:l‘h‘l r”\.&l|.”“*“'“l"' I,
acrOSS PEE::” Ilimln il‘l\rlll\llwllll |:\\|II\||:|\| I‘HI‘\IIIIIII :IIH\IIH :h;l” j iu LI‘:|||I||‘H‘|L‘\ ;Illlillull\l*\ll|I‘HIM lmnllluwb \l\l\l\l‘l::illll‘l“ll\lillll‘l\ |:"|in||m *IIIIIIIIIIII\II ||H‘ I|

it “I

cancer = ,”H|..! lwm‘... ..f.,..m ml;...[ i r' M. pfl .WM,Q' '":'.'.'L'mi'iﬁ*% i .u.l.‘.‘i”n.‘h “ Wil ‘uh.

|||:l Ilﬂuﬂﬁ | Wi I\
i 'i '”'J I &M

Mﬁgagjl‘wum: il ||| |I L: I‘I |L|”|I ” " (i |\||||\|| \Ill: ‘H ml\ II\I\I‘ I|II |||H :“Ih i\h I|||I mHl l:!\lw HHI: II| \‘\Hulh IHILI‘”I’I”IIII Il:l ”m mI\H |
HLA-AI | | | ‘\ Il 11| i 1 H | I|I\ | [ ) ||I il ||H " Hl /| |\\ | |l l\ll‘ll\l I \ 1l \ W
i‘m i ) nuu \ ||||f 1 Hl\nmn |i:|||| 1! \HI |h|\||li\ it i ||||'|u||| ||||||‘||i|| I Hlihhmhu p'il'hnulu il 1y} |' || \|H'f ‘l ||||| | “Nl

i o il | ‘|‘\| ”\ Hﬁ\l _I' I ulllnhlflwl‘]”l I'\|‘||||‘\' o | I ‘I| \I\ll :l 1l |I||| MIHH\H

6 Val Id ated P2PC c:\ustersmII T lllhw.:I: ey o “Iil S

targets o ||||h| ﬂml .Ml Mn“u"ul |MM|| r Iy im

ER

BMC Medical Genomics HER2
https://doi.org/10.1186/s12920-017-0256-3




Genetic
hierarchy:
therapeutic
vulnerability

RAS? =——>

PIK3CA
FGFR

HER2
CDK4

p53 APC
CDKN2A ARID1/2




Matching patients to therapy on the basis of genetic features:
erlotinib in EGFR mutant & crizotinib in ALK translocated NSCLC
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BRAF inhibitor therapy markedly more effective for
VeOOEBRAF melanoma compared to colon cancer

(RECIST cutoff for PR, 30%)
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Fibroblasts conferred resistance to BRAF
inhibition in melanoma via HGF/g:met
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Patient Pretreatment On treatment

Upregulation of oxidative
phosphorylation: 2
sometimes, but not always , i
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Epigenetic state & therapeutic resistance

sensitivity

resistance

29 BRAFV5%.mutant melanoma cell lines
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Heterogeneity in MITF expression within &
across melanomas

Inter-tumor heterogeneity Intra-tumor heterogeneity
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Immunologic consequences of BRAF inhibition
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NCI-MATCH Objective

e To determine whether matching
certain drugs or drug combinations
In adults whose tumors have specific
gene abnormalities will effectively
treat their cancer, regardless of the
cancer type

* This is a signal-finding trial;
treatments that show promise can
advance to larger, more definitive
trials

==ECOG-ACRIN ‘ @) NATIONAL CANCER INSTITUTE



Mining for the actionable in metastatic cancer patients

Level 1 FDA-recognized biomarker for an
FDA-approved drug in the same indication
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Compelling clinical evidence supporting the
Level 3A biomarker as being predictive of drug
response in the same indication

Compelling clinical evidence supporting the
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NCI-MATCH Central Screening Summary (cont’d)

........................................................................

» 35% of patients have
“actionable alterations”

* Treatment assignment rate: 18%

_ — Patients with a tumor gene

==——=— B ) abnormality that matched to

NOT ALL PATIENTS WILL
HAVE TUMORS WITH AN one of the 30 treatment arms
ABNORMALITY THAT : -

MATCHES A DRUS BEING (992/5560 with testing

TESTED completed)

\_/I « Enrollment rate: 69%

— Patients with a treatment
assignment who enrolled
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Real-world genomic landscape

Multiple alterations
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LoRusso et al. Clin Cancer Res 2012

Table 3. Suggestions on how to improve clinical trials for combination therapies

Develop a precompetitive venue for testing drug combinations.

Develop assays to identify patients more or less likely to respond to the drugs.

Use adaptive trial designs.

Use appropriate endpoints.

Set a higher bar for effectiveness.

Establish a single Institutional Review Board of record for multi-institutional trials.

Deploy informed consent forms that allow for broader use of patient specimens and patient information for future
studies.

¢ Obtain repeat biopsies of patients' tumors to assess therapeutic effectiveness.

Adapted with permission from IOM (Institute of Medicine; ref. 13).

Scarlett et al. Cancer Discovery 2017

“Our analysis shows that the volume of clinical trials testing multiple
Investigational pipeline agents (“novel-novel” combinations) is dismally
low, as out of approximately 1,500 phase | to Il investigational
combination trials initiated in 2014—-2015, only 80 were for novel-novel
combinations, and only 9 of those involved more than one company.”



LoRusso et al. Clin Cancer Res 2012

Table 4. Suggestions on overcoming challenges to collaborations

Cultural challenges
* Increase communication/transparency among collaborating partners.
* |Involve patients in discussions of how tissue resources are shared and used.
* Establish a safe harbor for industry to facilitate greater availability of failed investigational compounds for research.
* Provide financial incentives to encourage more collaboration.
Legal challenges
* Give patients more autonomy in deciding how much risk they are willing to take in clinical trials.
* Discuss collaboration and intellectual property at earlier stages of development.
* Reserve intellectual property protections for direct drug candidates.
* Embrace precompetitive collaborations for work upstream of specific candidates.
* Standardize material transfer agreements.
» Specify upfront the negotiable and nonnegotiable aspects of an agreement.
s Restrict collaborations to research and development to avoid antitrust violations.
Regulatory challenges
* Focus on combinations with a compelling biologic rationale and strong preclinical data.
* Seek dialogue with the U.S. Food and Drug Administration (FDA) early and often in the development process.
* Establish more dialogue between FDA and the European Medicines Agency to enhance harmonization of
regulations.
* Obtain clarification from FDA about the types and strength of evidence needed for combination therapies.
* Obtain clarification from FDA on how sponsors should best interact with multiple FDA offices involved in
combination product development.

NOTE: Adapted with permission from IOM (Institute of Medicine; ref. 13).



Therapeutic modality & progress with precision medicine
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Somatic mutation burden & PD-1/PD-L1 approvals

PD-1 antibody FDA approvals

Adapted from Alexandrov et al. Nature 2013



Clonal neoantigens and response to PD-1 or CTLA-4 antibodies in

melanoma & NSCLC
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Inflamed versus uninflamed tumors

Figure 2A. Representative images of “hot” (L) and “cold” (R) non-small cell lung carcinoma (NSCLC) tumors. DAPI — Blue, CK -
Cyan, PD-1 — Green, TIM-3 - Yellow, CD8 — Orange, PD-L1 - Red, LAG3 — Magenta
Ziello et al. AACR 2018




“Inflamed” tumors are more likely to respond to PD-1 antibody therapy
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Two CD8* T cell states associate with CPB response
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Tumor gene expression, but not immune checkpoints sorts
response/non-response
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Conclusions

- Single-agent vulnerabilities have been pursued in largely tumor-type
specific clinical development

- Broader investigation across cancer types with common molecular
features to determine rules of homogeneity/heterogeneity of response

- Lineage-dependent factors appear capable of mediating therapeutic
resistance: to both targeted and immunotherapy

- Precision-medicine principles are coming to immunotherapy, but who
will develop markers to limit approved indications?

- Combination regimen investigation are falling further & further behind
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