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NEED FOR DRUG
COMBINATIONS

Single agents are rarely curative

Even responding patients will relapse

"Rational" combinations hit multiple nodes in a pathway, or
hit parallel pathways

Comprehensive approaches to combination discovery

* SIRNA
e empiric screens

*
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TWO PARALLEL COMBINATION
DRUG SCREENS AT NCI

« Comprehensive screen of approved cancer drugs




THE NCI ALMANAC

TESTING ~ ALL PAIRWISE COMBINATIONS OF
APPROVED CANCER DRUGS

The NCI ALMANAC (A Large Matrix of AntiNeoplastic Agent
Combinations)

Currently just over 100 small molecule oncology drugs are FDA-
approved.

Test all possible pairwise combinations of these

e ~5000 drug pairs

Test each drug pair in each of the cell lines in the NCI-60 panel.
 ~300,000 experiments

e ~4.3 million wells

Screen run at 2 contract locations

e ~%4 million over 2 years
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Approved drug pairs in clinicaltrials.gov

Search for “cancer”
Drug A Drug Z Parse out drug names

DIUGA o omire © ¢t e mpegn g e e s o
S LT L T Only about one quarter
O : of approved drug pairs
i - are found.
: . i - Approx. 3700 approved
...... f i 1 drug pairs have no
' > £ clinical trials.

Ui UE Can we discover

RERIE beneficial pairs that can
LT ET be put into clinical
trials?

Drug Z _ |
4@_ Division of Cancer S IF%’@.
d&p Treatment INTHUT: g@a
4 and Diagnostics e s




WHY THE NCI-607

Large database of drug action
Large catalog of molecular characterization
Most of the cell lines will grow as xenografts

Molecular characterization of the xenografts derived from the
NCI-60, at passages 1, 4 and 10

Possibility for predictive biomarker discovery
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MOLECULAR CHARACTERIZATION
OF THE NCI-60

Larger scale projects Smaller focused

- Exome sequencing projects

* MRNA microarrays * SNPs in cancer
 multiple platforms relevant genes

* SNP arrays  Protein and phospho-

e« CNV proteins

* Proteins by MS * Activity

+ Proteins by RPPA measurements

- MRNA » Karyotype

* CpG methylation

° Metab0|omlcs %l Division of Cancer |

I
dg'p Treatment | rI'El_-I.Ti 3@%

W g#d and Diagnostics e pens®




COMBO DATA: EXAMPLE
3X3 CONCENTRATION MATRIX

COMBO SCORE

-----

microM agent 1

Agent 1 alone

Agent 1 + low dose Agent 2
Agent 1 + med dose Agent 2
Agent 1 + high dose Agent 2

low dose Agent 2 alone

med dose Agent 2 alone
high dose Agent 2 alone
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COMBO DATA: EXAMPLE
3X3 CONCENTRATION MATRIX
COMBO SCORE

Agent 1 alone
Agent 1 + med dose Agent 2
med dose Agent 2 alone

\ * Expected if additive

Increased over additive

microM agent 1
= =
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COMBO DATA: EXAMPLE
3X3 CONCENTRATION MATRIX

COMBO SCORE

-----

microM agent 1

Agent 1 alone

Agent 1 + low dose Agent 2
Agent 1 + med dose Agent 2
Agent 1 + high dose Agent 2

low dose Agent 2 alone

med dose Agent 2 alone
high dose Agent 2 alone
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COMBO SCREEN RESULTS
COMBOSCORE BASED ON BLISS
INDEPENDENCE

Red =
Better than additive

Blue =
Worse than additive
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EXAMPLE 1

BORTEZOMIB + CLOFARABINE
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Red arrows: Combo active in xenografts
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Trial of the Combination of Bortezomib and Clofarabine in Adults With Relapsed Solid Tumors

This study is currently recruiting participants. (see Contacts and Locations)

Verified July 2014 by National Instifutes of Health Clinical Center (CC)

Sponsor:
National Cancer Institute (NCI)

Information provided by (Responsible Party):
Mational Institutes of Health Clinical Center (CC) ( National Cancer Institute (NCI) )

ClinicalTrials.gov ldentifier:

NCT02211755

First received: August 6, 2014
Last updated: September 23, 2014
Last verified: July 2014

History of Changes
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EXAMPLE 2:
A DRUG PAIR THAT IS BENEFICIAL IN

TRIPLE-NEGATIVE BREAST CANCER
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NCI ALMANAC DATA
TO BE PUBLIC

Manuscript in final stages
Web site developed to

« Browse the data
 Display the data

e Download the data
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NCI ALMANAC Study Results

The NCI ALMAMNAC study results may be navigated using four different methods. You may choose to view the data from a heat map containing the relative results from
all drug pairs tested. You may also select a specific drug pair from drop-down lists. Alternatively, you may view the data from a heat map containing all results from a
particular drug and optionally a modifier mechanism. Finally, you may generate a heat map showing how well each mechanism tested for a particular drug.

Mavigate NC| ALMANAC results by: ' Analyzing a heat map with results from all drug pairs
.+ Selecting both drugs in the combination from lists
.+ Selecting a test drug and optionally a modifier mechanism

.+ Finding an effective modifier mechanism from a heat map

Division of Cancer
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NCI ALMANAC Study Results

The heat map below represents a set of drugs tested in pairs in order to evaluate their collective efficacy against various types of cancer. As shown in the scale, the
drug pairs with the higher score values in the heat map are represented by the color red, and generally indicate an effective result against the 60 cancer cell lines that
were tested in these studies. Drugs in the heat map are alphabetized. Scroll over a cell to see its drug pair and calculated score value.

Click a cell in the heat map below to view results by cell line for a particular drug combination.

Calculation Type: @ Number of Cell Lines Meeting Goal Efficacy
Mean Score From All Cell Lines Tested
Maximum Score From All Cell Lines Tested

Chemical Names (A == Z)

2-fluora Ara A
Apiraterone
Acrichine
Alopurinal
Mtretaming
Amifostine
Aminalevulinic acid
Anastrozole
Arzenic trioxide
Hitinib
Azacitidine
Bendarnusting
Bleomycin
Bortezomib
Busulfan
Cabazitaxel
Capecitabine
Carboplatin
Carrnustine
Celecoxib
Chlorarnbucil
Cisplatin
Cladribine
Clofarabine
Crizetinib
Cryclophosphamide
Cytarabine
Dacarbazine
Dactinomycin
Dasatinib
Daunorubicin
Decitabine
Dexrazoxone
Docetacel
Dozorubicin
Epirubizin
Eribulin
Erlotinib
Estramustine phosphate
Boposide
Everolimus
Exernestane
Flozuridine
Fluorouraeil
Fulvestrant
Gefitinib
Gemcitabine
Hydroxyurea
Idarubicin
Ifosfamide
Irnatinib
Irniguirnod
lzabepilone
Lapatinib
Lenalidomide
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NCI ALMANAC Study Results

Click a bar in the chart below to view the detailed results for a particular cancer cell line.

S 606869 (Clofarabine)
S 681239 (Bortezomib)

Cell Name [Panel Code] [Screener]

OVCAR-3 [OVAI[1A]
OVGAR-4 [OVAI[1A]
OVCAR-5 [OVA[14]
OVCAR-8 [OVA[1A]

NCIADR-RES [OVA][1A]

SK-OV-3 [OVA][1A]
786-0 [RENI[1A]
A498 [REN|[14]

ACHN [REM][A]
CAKK [REN][1A]

RXF 393 [RENI[1A]

SN12C [RENIHA]
TE-10 [RENI[TA]

U0-31 [REN][14]
PC-3 [PROJ[14]
DU-145 [PROI[1A]

HL-B0(TB) [LEL[14]
K-562 [LEL[14]
MOLT-4 [LEUIA]
RPMI-8226 [LELI[1A]
SR [LEUINA]
AS4GIATCC [LNS|[14]
EKVX [LMS][1A]
HOP-62 [LMS][1A]
HOP-92 [LMS][1A]
MCIFH226 [LNSIHA]
MECI-H23 [LNSI[1A]
MCI-HI22M [LHS][1 4]
NCI-H480 [LNSITA]
MCIFHE22 [LNSIA]
COLO 206 [COLNA
HCC-2998 [COLI[1A]
HCT-116 [COLIA]
HCT-15 [COLITA]
HT29 [CoL[Al
kM1 2 [COLI[1A]
SW-620 [COLI[14]
SF-268 [CNS][1A]
SF-205 [CNSI[1A]
SF-539 [CHS][1A]
SNB-19 [CNS|[14]
SMB-T5 [CHS|[14]
U251 [CHS][1A]
LOX IMyI MELI[1 A]
MALME-3M [MELI[1 A]
114 [MEL][1A] |
MDA-ME-435 MELJ[14]
SK-MEL-2 [MELI[1 4]
SK-MEL-28 [MELI[14]
SK-MEL-5 [MELI[1A] |
UACC-257 [MELJ[14]
UACC-62 [MELJ[14]
IGROVI [OVA[1A] %

NCI ALMANAC Study Results

achis

This dose graph the of the drug pair against the cell line.

090ICETE
Colon Cancer
HCT-116
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TWO PARALLEL COMBINATION
DRUG SCREENS AT NCI

« Combination screening of investigational agents




COMBO TESTING OF
INVESTIGATIONAL AGENTS

Test agents (~130 tested)

>
cell line cell line cellline cellline cellline cellline cellline
1 2 31 2 3 1 2 31 2 31 2 31 2 31 2 3

~9000 drug pairs tested
each in 3-5 cell lines

~27,000 total
combination assays

Combo Set drugs (~70)

=
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I NVESTIGATIONAL COMBO DATA
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EXAMPLES FROM THE
INVESTIGATIONAL
COMBO SCREEN

« Test agents with the same molecular target have
similar activity patterns

e Patterns of combination benefit reveal a
potential new mechanism for an investigational
agent
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AGENTS WITH SAME TARGET
SIMILARITIES AND DIFFERENCES

MECH

AS49(ASC) Agent 1
HCT-116 Agent 1
AS49(ASC) Agent 2
HCT-116 Agent 2
PC-3 Agent 2

Signaling
Signaling
Signaling
Signaling
Signaling
Signaling
Signaling
Signaling
Signaling
Signaling
Signaling
Signaling
Signaling
isc.
Misc.
Misc,
Misc.

Select 4 "hits"

Test each of these drugs in the NCI-60
with Agent 1
with Agent 2

Misc.
Antimetab/Nucleoside
Antimetab/Nucleoside
Antimetab/Nucleoside
Antimetab/Nucleoside
Antimetab/Nucleoside
Antimetab/Nucleoside
Antimetab/Nucleoside
Antimetab/Nucleoside
Antimetab/Nucleoside
Antimetab/Nucleoside
Alkyl/DNA damage
Alkyl/DNA damage
Alkyl/DNA damage
Alkyl/DNA damage
Alkyl/DNA damage
Alkyl/DNA damage
Alkyl/DNA damage
Alkyl/DNA damage
Alkyl/DNA damage
Alkyl/DNA damage
Alkyl/DNA damage
Alkyl/DNA damage
Alkyl/DNA damage
Alkyl/DNA damage
Alkyl/DNA damage
DNA binding/Topo
DNA binding/Topo
DNA binding/Topo
DMNA binding/Topo
DNA binding/Topo
DNA binding/Topo
DNA binding/Topo
DNA binding/Topo
DNA binding/Topo
DMNA binding/Topo
Tubulin

Tubulin

Tubulin

Tubulin

Tubulin

Hormmonal

Hormenal

Hormenal

Hormenal

Hormonal

Division of Cancer
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DRUGS 1 & 2 COMBINED WELL
WITH BOTH AGENTS

- N e e
555555 D 1
o @ o
SEEREE rug Drug 2
MECH g = g3
£ g < 5=
= =
LR Agent1l Agent?2 Agent1 Agent 2
Signaling [
Signaling
Signaling CORCEN CORF-CEM
Signaling HLI(T) HL-60(TB)
Signaling 562 K562
Signaling VoLT-4 MoLT4
Signaling —_— D r u 1 ReE220 RPUH225
Signaling SR *
Signaling ASHIATEC ASHIATOC
Signaling BVX EKVX
Signaling Hope2 HOP-62
Signaling i HOP-92
Signaling _— D ru 2 Nz Naezs
Yot NCHH23 \CHs
Misc. NCHHB221 No+HB22M
N o
Misc. _— D 3 NCH522
Misc. r u g %‘;ég: 0L0205
Antimetab/Nucleoside HCT-116 HeC295%
Antimetab/Nucleoside HCT-15 HT116
Antimetab/Nucleoside H9 HCT15
Antimetab/Nucleoside K2 ot
Antimetab/Nucleoside SW-620 o
Antimetab/Nucleoside SF268 SU620
Antimetab/Nucleoside SF295 SF266 .
Antimetab/Nucleoside SF539 SF2% i
Antimetab/Nucleoside SNB-T5 5559 i
Antimetab/Nucleoside S\B-19 S\B75 i
Alkyl/DNA damage st S\B-19 i
Alkyl/DNA damage LoX I WL .
Alkyl/DNA damage Wi Loxam .
Alkyl/DNA damage \DANB435 4 i
Alkyl/DNA damage M2 ‘ WDA-NE-435
Alkyl/DNA damage SKAEL28 ‘ ‘ SKNEL2
Alkyl/DNA damage SKMELS ‘ ‘ SKAEL-25 |
Alkyl/DNA damage G257 SKES w
Alkyl/DNA damage ) uaccas7 i
Alkyl/DNA damage ROV e
Alkyl/DNA damage OVCAR3 flyitis
Alkyl/DNA damage ovcHR4 s
Allyl/DNA damage OVCARS UVCAR:S
Alkyl/DNA damage OVCARS OVCARS
Alkyl/DNA damage NCIADR-RES NCIADR-RES
DNA binding/Topo SK-0V-3] SKOV-3
DNA binding/Topo 786-0) 7860
DMA binding/Topo A48 Adgg
DNA binding/Topo ACH ACHN
DNA binding/Topo CAKHL CAKHL
DNA binding/Topo RAE-363 RIF-393
DNA binding/Topo Shi2c sni2C
DNA binding/Topo 10 10
DNA binding/Topo U031 U031
DNA binding/Topo —_— D ru 4 3 o
Tubulin D15 U145
Tubulin ot sl
Tubulin MDA-NB-23LIATCC NDA-NB-231IATCC
Tubulin HS 57T Hs 578T
Tubulin BT-549 BT-549
Hormonal T47D 41
Homane o] ocol_m | W
Hormonal ra R F
Hormonal Division of Cancer
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DRUGS 3 & 4 COMBINED WELL
WITH ONLY AGENT 2

MECH

Signaling
Signaling
Signaling
Signaling
Signaling
Signaling
Signaling
Signaling
Signaling
Signaling
Signaling
Signaling
Signaling

isc.
Misc.
Misc,
Misc.
Misc.
Antimetab/Mucleoside
Antimetab/Nucleoside
Antimetab/Nucleoside
Antimetab/Nucleoside
Antimetab/Nucleoside
Antimetab/Mucleoside
Antimetab/Mucleoside
Antimetab/Nucleoside
Antimetab/Nucleoside
Antimetab/Nucleoside

DNA binding/Toy
DNA bindinﬂogg
DMA binding/Topo
DMA binding/Topo
DMNA binding/Topo
DNA binding/Topo
DNA binding/Topo
DNA binding/Topo
DNA binding/Topo
DMA binding/Topo
Tubulin

Tubulin

Tubulin

Tubulin

Tubulin

Hormmonal
Hormenal
Hormenal
Hormenal
Hormonal

AS49(ASC) Agent 1

HCT-116 Agent 1

ASHI(ASC) Agent 2

HCT-116 Agent 2

PC-3 Agent 2

—> Drug 1

—> Druag 2
— Drug 3

Agent1l Agent2 Agentl

Drug 3

Agent 2

CCRFCaI
HA0(TB)
k582
MoLT4
LS

K10

U031

PC3

DU-145

MCFT
NDA-NB-23UATCC
HS 58T

BT-549

T4
MDA-MB-468

CCRF-CEM
HAB)
K-562
MOLT-4
RPVI8226

SR
AS49IATCC
EKVX

Division of Cancer
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2 AGENTS WITH SAME TARGET

ADDITIONAL TESTING WITH 4 HITS FROM THE

CCRF-CEM
HL60(TB)
K562
MoLT-4
RAVHG225
R
ASAIATOC
EKVX
HoP62
HoPS2
NCH226
NCHHz3
NCHH322M
NOH#E0
NOHHB22
C0L0205
HoC2008
HCT-116
HCT-15
Hi29
K2
SW620
SF268
SF2%5
SF539
SNB-T5
SNB-19
w51
LOX IMVI
M4
MDA-NB-435
SKAEL2
SKMEL-28
SKNELS
UACC257
uACCe?
GROVL
OVCAR3
OVCAR4
OVCARS
OVCARS
NCIADR-RES
SKOV3
786-0
Ad%B
ACHN
CAKHL
RUF393
sni2C
10
w3t
RC3
DU145

NCFT
MDA-MB-231/ATCC
HS578T

BT-549

T-47D

SCREEN

Drug 1
Agent1l Agent?2

Drug 2
Agent1 Agent2

Drug 3

Agent1l Agent2 Agentl Agent2

MDA-MB-468

CORF-CEM OCRFCBM CORFCBM
HL60(TB) HAT) H60(18)
K562 k582 k562
NOLT-4 MoLT4 oL
RAV226 RARELZD RRILE26
e S £
ASLOIATCC ASIGIATCC ASIOATCC
VX BOX BX
HOPS2 Hop2 HOP2
HOP92 HoPS2 HoPS2
NOH26 NCH26 NCH26
NOH23 NOHE3 NCHH23
NOHHB22M NCHE2M NCHHGZ2M
NOH60 NCH4ED NCH60
NOHB22 N2 NCHE2
L0205 0025 0Lo2s
Hoc-29%8 HC288 HoC2998
HCT-116 HCT116 HOT-116
HCT-15 KT HCF15
HT28 2 29
K2 K2 K2
SW620 SW) W62
SF268 S8 SF268
S5 S5 SF2%5
SF539 5% SF53)
SNB-T5 875 SIBTS
SNB-19 B9 1819
w51 st st
LOX VI Lo LOKMI
M4 4 Wi
VDA-VB-435 MDA VDAIB-435
SKNEL-2 SKMEL2 SN2
SKNEL28 SKMEL28 SKIE28
SKNELS SKMELS SKHELS
U257 UACC25T WACCST
UACCE LACGH WACC2
GROVL GROVL ROV
OVCARS OVCAR3 OVCAR3
OVCAR4, OVCAR OVCAR4
OVCARS OVCARS OVCARS
OVCARS OVCARS OVCARS
NCIADRRES NCIADRRES \CIADRRES
SKOv-3 L) S0V
7860 784) 7850
A48l e vt
ACHV AN A
KK oL CAKH
RAF393 RIF36 RFI
SNi2C s sz
K10 10 10
w3t Ut W43
PC3 73 Re3
U145 D145 U145
MCF? MCFT Vo
MDA-VB-23LATCC MDANB23LATCC BZLATCC
Hs 57T HSSTAT Hs 578
BT549 8549 BS54
T4 4 T4
VDA-VB-468 MDANB458 . NDA-IB-468

Treatment

and Diagnostics

Division of Cancer

Patterns of cell
lines benefiting
differ between the
4 drugs

Possibility to
think about
"MATCH" style
combo trials

LATIONAL |
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Cell line profiles
are similar between
Agent 1 & Agent 2



COMBO SCREEN: CLUES AS
TO MECHANISM

2 agents expected to sensitize cells to
DNA damage
1 agent with completely different target -- or maybe not
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COMBO SCREEN: CLUES AS
TO MECHANISM

2 agents expected to sensitize cells to

1 I DNA damage
1 agent with completely different target -- or maybe not

CCRF-CEM [LEU] (CCAF.CEMELY |-
HL80(TE) LEU] L saTeREs -
w56 A RELY
MOLT4 LEY] ML T4 R
RPMI-5228 [LEU] RPULEZ LELY
SRIEY] SRREL
AS4BIATCC [LNS]
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HOP-62 [LNS] 5
HOP.02 [LNS]
NCHK226 [LNS)
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NCHHIZZM LA
NCHH480 [LNS]
NCHHS22 [LNS] WOz e
coLo 205 c0L) SO0 26 [Cal
Hec-2008 [eoL) 1o avee oo
HET-1101c0L) w18 (oo |
HGT-15 [C0L) -
HT20 100
kM1 [COL]
swe20[coL] P
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= ST oy
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TEST COMBINATION WITH 2
ADDITIONAL AGENTS

Agent 1:
expected to Agent 2:
synergize with Une>|<pected
Alkylating agents | FesUlts " o
_ y g .g. 2 additional agents with similar
i .
——m EE mechanism to that reported for
= = Agent 2
— - _ 8
. P _—_.
__________ m==medREE _;
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SUMMARY

NCI ALMANAC - tested ~ 5000 drug pairs of FDA-approved
oncology drugs in 60 cell lines

* One novel combination has entered clinical trials

* Trial design in progress for a second novel combination

NCI Investigational Combination Screen - tested ~ 9000 drug
pairs in 3-5 cell lines

« Similarities and differences for agents with the same or
overlapping mechanisms

e Surprising result suggests different mechanism for an
Investigational agent

2
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