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(57) ABSTRACT

Embodiments are directed to kits and methods of treating a
breast cancer patient with a glucocorticoid receptor antago-
nist with or without an anticancer agent or compound after
the patient has been determined to be susceptible to treat-
ment with the glucocorticoid receptor antagonist.

Specification includes a Sequence Listing.

B ’ Busal-fike 2

7&‘ paly G4, =78
T oE
7
§ 0.8 oo NRICTdow
204 NRIC1-High
m )
B x Censored
@82 ~ Low

R

o 50 196 156 206

Time {months}



Patent Application Publication

Ralapss-froe survival

Relapse-free survival

DR

8.6 -

¢4

B2

8.8

8.6 -

4.4 -

8.2 -

Basaldike 1

0 3, =187 gt

”%i MR3C oW
“Mu:

S LI PIYC N SRR

% Consmmd NEICT-high

««««« L
e Bigh

40 408 158 200
Time {manths}

Mosenchymal

o040, HE=T.65, a=i78

BRICTowW

NRICHhigh
x Cunsored
v
anraas 3Gy

50 100 158 G
Time {months}

2

Sep. 12,2019 Sheet 1 of 23

Relapse-free supival
S
& & R-3 ~

5
£

A

bt
o

&
kY

Relagise-free survival
ot
N

2

FIG. 1A-D

Basaldike 2

e384, 131276

HBR3C1dow

Ao 48K

NRICThigh

s XA I IMON

x pngoond
e o

R

50 100 1508 260
Tirne finonths}

Lorninat AR

o
o

e G5 PR 68, w02

-

x Cassured
..... Loy
e 0

o P NR&C‘#{?}K““ o

NRICT-high

56 100 158 200
Time {monthe}

US 2019/0279769 Al




Patent Application Publication  Sep. 12,2019 Sheet 2 of 23 US 2019/0279769 A1

MODA-MB-231 at 26h BUM-188-PT ot T2h

33 £33

d
H
H
H
H
H
H

Colt dewth (%)
o

Colt death: %)
2

6 3 £ 8
2 3 p2id {
3G 4 90
o v * [ ¥ 3
Pad Dox ¥ Pax DeaxiQRe7 Pac Rex + e DextCRsy
+ Pac + Pas
2804 4
B 2R0Y 1 H
£ 2000 |
®
g 1600 G287 Pan”
e Bx turmor i {30d}
% 1206 %7 volume
g 3
= BoY
200 1

o 8
i Tims postdreatment infiation (days)

FI1G. 2A-B



Patent Application Publication  Sep. 12,2019 Sheet 3 of 23 US 2019/0279769 A1

Doex Do Dex/C207

{ny {m {n}
upreguiated ganes P i
£ 1 3fal) 278 1648 1804
down-fagulated genes 3202 1418 s394

15 1. 3-Told

GRymnediated genes reversed 35% by antagonism i or Q287)

DexiC297 {n=3523)

DexMif (= 4511}

Commandy differentiafly expressed genes {from above} and
primary tumor GR-high vs, GR-low gene expression

1 Do genes sitagonized by

] if and C297 (n=3068)

Primary tWumaor-dorived
genes {(nx5178)

FIG. 3A-C



Patent Application Publication

Sep. 12,2019 Sheet 4 of 23 US 2019/0279769 Al
Bex DRexitdiy Dexit287
iy {0} {m}
Total Peak Counts {ChiP-seq) 8445 £,381 14,39%
Gongs annotated by posks - N
41- 100K of 3 TS8) 4878 A4S0 2892
Canonisal TF mesponge Dox Dexihlif DexiC297

slemend {Gentrikio}

pevaiwe for relative GR enrichment

GR 5 Beu4 R 3. 56308
AR 1 &e 23 M& Sia-8
ELR 59013 N3 7862
FOXO 2508 2 Be-1y 1853
PR3 7861 1.3e13 1 el
¥ 188
Foature
Deox g~ 4kb
1~ Skl
3~ Bk
. 5 10kb
Daw/Mif
16« 190kh
DaxfC297

£3 4 T

50% 40 3 26 16 O

T E ¥

16 20 38 48 50%

GBRx within 100kb (%)

FI1G. 4A-C



Patent Application Publication  Sep. 12,2019 Sheet 5 of 23 US 2019/0279769 A1

n = 3,066 genes
GR targets (TNBL cell fine):
Dax-differantially expressed genes :
inhibited 225% with DexMil and DexfC287

n =74 genes

GR activity signature {GRsig):
Corabined indivdust GCregulated genes
with tumor gene expression associaled
with poor RFES in a Discovery Cohort of
=88 ER-negative patients who received
chems {p £ 185 HR 21 8 for
Dex-uprequiated genes; MR < Q.67 for
Dex-downreguiated genes)

n = 462 genes

GR targets that are tumorrelevant:
Oifforaniially axpressed in GR-high versus
GR-fow ER~oegative BC primary tumors

Tested in a Validation Cohort {(n=1958)

n = 232 genes

Putative direct GR farget genes:
GBRs tound within +/-100kb of 3 TSS
foltowing GG teaatmant (Dex)

FIG. 5



Patent Application Publication  Sep. 12,2019 Sheet 6 of 23 US 2019/0279769 A1

A o Ganes Dex-tpregulaled. Dex-downraguisied
iny {ny i
GRely 74 45 28
Subsel with Dex GERs +~ 10080 a1 17 14
Sutmet with Clex BERs fostwith M or £287 25 15 13

B GRup genes sy
Bolg genes indicate GER withinr #4100 kb of the gene T88

ASHQ& /‘ii.,S’i.(} ﬂf”z’i”*‘ A$M!L ATP2E!A BBS?O, ﬁx, C?';'i?.. Q1204928 COTRA, COKY, CHMP2B,
CRYY, CLHRA, DOXIS, DLAT. EIF34, EYFY, FIR MEATHZ, HOMER1, HPE5. HEPAR IPACT,
PRT KCTBZ LYPLAT, NAPTLYS, NOLY, PEXS, PRRMCZ, PLCBA. PRAFIQ, RABGGTE,
FIMND RPL3Y, SEHTL, SERPT, SPATASLY, 88E. TOERT, TSENS USET, UTPI4A, WORES,
WNTSA, ZNF18e

Dexaiownrenuiniod nones with MR 005 in Discovery gohott

CACNATG, CRBKN2D, COLIARG CQL7AY, cwo 35, CRNEG, DLGH, FISFS, GLIZ GRMS, GRMS,
00 KISBY. LMNA, MAPREZ WIAST, MUCEAC, BOXS, PULG. RRN. SUNSB, SERMNG,
SLO4A4, S3BF3, SYTYE TBKAZR, TROAR TYROZ

C _ Discovery Cohort (n=68} [} Vatidation Cohort {(n=188)

"& : E .............................
§ Leggrank g e 3.3 % 1078 .‘g Logranh s G012
z Ak R RCRES X & BR= 181430
& : i
o o
s GReig-tow o
ke W4 e
& o b4
R : &8 i
% o g g2
: GRM Yhigh :
o el T 9 Q S £y R ¢ ;
f 2 4 8§ 10 12 8 & 4 8 s W 1R
T fyen} Time {yrs}
YIS 4 Z 0 SHsigmw 1S e 80 4% 23 W i
LI S B GRegyight 83 34 B & 1 4 B

FI1G. 6A-D



Patent Application Publication

180 .

50

Palarization (P}

Sep. 12,2019 Sheet 7 of 23 US 2019/0279769 A1
: B
&
Compound iCy, (M) R-sguare of
fit
Dex 50.2 692
. it 176 0.96
- e
. Cortisol 749 0.95
s Dopsel 10338 4984 4.92
= U335 oot
st Ca87 36.63 0.95
¢ DT CpdA no fit ot computed
# CadA DHY no ft (>5000) {638

Y

8 1

2
Log30{inhibitor] nM

FI1G. 7A-B



Patent Application Publication  Sep. 12,2019 Sheet 8 of 23 US 2019/0279769 A1

|
!
V‘GZQ? msmthera;}y.

Vehicle

B ¥ 8 B R
o0 £94] DUUnMoA JGuINY

ety weosg sBueysy

F1G. 8A-B

8
Xy
4
£3

SUM-158-PT

Eoo- SUEE oo SRNRT o0 RN ve-1
Eoo S > I A
s

= oy owmoEm En oy e 9y e o
Eos o R B o o e omomw

{30,3 4Z6 1 wWpesn HeD



Patent Application Publication  Sep. 12,2019 Sheet 9 of 23 US 2019/0279769 A1

i

as it R ORY!

Y21 EAed : o
4g ppeg ”

= UZLZAZOMEG
Ygi ke

U§ B2k
U X5

4y 28T
: Yy %8
b W HAROQ

foidd-charsge ¢ofs

xprension

E

FI1G. 9A-C

Dawnreguiatod gones

Sh itmwﬁiién%s

| 128 treatments

@
z
%
&=
§
=
=N
k4
=
=



US 2019/0279769 Al

Sep. 12,2019 Sheet 10 of 23

Patent Application Publication

a-vol "Oid

{ig 0% 5¥ uoiBiay dpunuey

LT TR 1 9 $84 %53 gupee
.......................... S
o
50000
b2
o
: o
: : ) M
............... SHEO°G %
: : 3
o
%
80055 3
SYHO L6TDMRG e
BN SIS .
SO XvG : : o
................ RN IS IS B 2113 13

PeAaOn e | DR
Ry e b e e au

©OWAEsSaR W Bile ddg AW

et ¥ sygadyn  myesdyo  syeadun
Hop, JBZEOLD > KRG Y4 Xon wa ¥



US 2019/0279769 Al

a-viiOld

L3005 LHNNIE s
NaQPEG  OBd ROrURg  Ong  Ragioeg  oed

b

- 8

- 80

e

s 27 . 0

ROPU HAOIIAS

e e 54
W'o s 7 _ _ - ¥
G RETV RS 74 -
HRUHNE - BTN 3
o1 3aeisas potyme  on
1y BB BI0 OB SR 58
SEARTRGE
R A A R § 3 A

Sep. 12,2019 Sheet 11 of 23

TRy
>

AICG

80 W3 Mg AB iBEny W

¥ ¥ T o
P i P
b + v Y o €%
t 1 I e
i H | Sy H fa-1
o 4 i Iz
oo ¥ g P
§ ot R fa
Yniepinad [ f
i L booE
S L a5
i P B oE
| P P
i PoE % ¥ e &
i X Lw B O
3, L
€333 Es

Uy L BGNNE U L BELE Y LGS LNNE
THRERTIRS AT LY ENTIG

G ORRE A Ak 8% W A8 AS L8R WG MG AA

UE LER- B0
FAB O NI

Patent Application Publication

LA [ S 1 LR e
2 N Palbow T g Pood s g
e gt TETE R I IS S .
& i . H & p23 i H b2
g i PR L i H ¥
& I ! w2 I £,
& i 5 } ] P £
H & H ) H v e
w8 i w0 t L 2 I i
[ iomg t hEaa) . ty
o & & . b v 3,
% LI { £ L ¥
. PooEsd = A :
55 5 - P¥ #
s Ea n.\oN WN w
& # R 5

o & ¥ ®

SERE v iR HY LT BTN
T BRI ENOE




US 2019/0279769 Al

Sep. 12,2019 Sheet 12 of 23

Patent Application Publication

a-vil "Old

I ¢ 4 !
B 3 & w® o %
{48} mung
& 33 3 ¥ £ 2z

{supenb saddn) yBuryn

Sl e B g e e e B B

{530 o) MOFHD

SZL SR ITEE S a
eun e ey

{66104} LOYOD HOBRPHRA

* < o 3 & b3
i ¥ & & 1% B
{s3h} oy
2 ok g $ ¥ z

s R

{wepsus smapeq) MOPNE

0 S0 B e W
T maiion

{aR1=U} JOYOD UDREDHEA

i K

X

34

B4

{PAIRINE Ry asdejoy

0

Ralains aag-asdgey

<«



US 2019/0279769 Al

Sep. 12,2019 Sheet 13 of 23

Patent Application Publication

€1 O

paRyesue

FEBG SOARAGOR Knsiss

i pojRaIR

SIS IO WSHO0RAED

ARB R

srgopiode

BH B0 OWINE 0 UOHEs WAl RInD
S YA SORUITY S0 ISR

sEnalye; AUiEhngg

eranidiol iy

S R0 O O RO el oo
SOU 0T IO 1 Sneses

BUAG JOUHY JO WP (9D

19550A LU 10 UminB

O 0 st

SRSV HEUL 30 UOSEA

UGHEBOIGIRY 0D

SOUH HOD IBTURS IDEICION [ BoNBIaEad §o0
WAL 100

UOREAGORELER

SRR Y SO O SIRSREaL

AU BRY TG D DORSUER BHERUoBesBuEIRIse

{B0ISEALLY S (e SOWT JO WHIBILIGE AU0I0D

S YO0 ALY 15 BOBRALY

FRUoCEal AOBGRLBEN
{WSHOGRIRWE HEY) DR 0 SI9BLUAR

414 43
£6i S
facl #
i b
S #
] #
8 4
£ b4
$i ?
54 4
1) i
€8 yAS
53 Zi
B 2
44 g
65 2
e g

& ¥
e ¥
] ¥
P ¥
ap ¥

{uyseunll | Quyewny | I5T¥AQ ey
R ABGUINEG pouiReasy m BIQVGVZ IR Aoy

BAROUBY 85

spnopcote Bunouss SPUm SUSUINNG SAISRAUY DUE JRATAINS 118D YSRIIIp QoBniue Y ') aiel




US 2019/0279769 Al

Sep. 12,2019 Sheet 14 of 23

Patent Application Publication

1O

ran Ny
Havaso
AN INY
WEIEATD
PEPERST
61516369
RSN
GLORLISY
LR NS
95¥1 359

ozl

i
£51=N} HOHOD UDIEDIRA

{ga=N} Hoyog Aeanosy]




US 2019/0279769 Al

Sep. 12,2019 Sheet 15 of 23

Patent Application Publication

S1°DIA

2
®p
® e

WETLes T
WL
B

W RAGLZZ

S R0
B

ST e
Feae R

78 RBENeT
WLEREE

#8 BESET
#LBEOER

wRnEEZ

W

WRGRGLE
®oLeEng

[SS 2 0¥¢
VELNAR
S4HOM
Yriif
rFE
BOMAL
INERL
AYOM
PN
HEYRT
LIAT
£HE5E)
98
LPIYEE
FEFOIS
FORIIRAS
LS
TR
AENOS
A
EETedn
BN
HLODHVE]
GEeded e
Mo
FHO ek

THAMERS,
EXOH

FLHON

AR
® BB
#w ey
wARHNE
K oot

LERiZ

R PN0I0E
¥ HINZ
K ARnE
RERIG0T
WS pozant
36 TEERGE
#aELT
WHEGY
WEpEp g

Ao
HHIGH
S8

$ BN,
SHLYIH
AT
R
5

L2
g
A
{8
[pie
PEXICE
IYKE
BEACHT
L giga:
LAREE
SINI
GERTHOT
[t asivte;
DYEHIY
HEAH D
SERRTT
SR
YELD
DEYNOVD
BEHEZLY
P15
2B
FEd i
THASY
MYy

YN ¥ ennT LIRIY
LSRN ] GUIE
G SR Y U DI RN MUY e SUSE SR




US 2019/0279769 Al

Sep. 12,2019 Sheet 16 of 23

Patent Application Publication

giuied ()

{1 )paniasu0d

{1hsol

{01)ueb
‘(1 )poaiesuoo (L hsof
(4 1)ueb'(ghso

{gyued {y)pamasuop

{zhsol

(1 nsol
(Zued (g hsop
{1 isol

{Z)ured (zhsoy
{1 )porissuod

(1180

{2hureb ‘(ghsol
{1 Juseh (1 )pansesuoo ‘(4 1so}

{1 101

{1 }ponsosuod
{ihsop 4
{glureB (ghsoy 7

(o4 )urel (ghsa; g
(1 yueh (1 )panasuoo {ghsop ¢

(Zhsol 2

(Lyisof ¢
(insor 3
{ihsor 1

{zhsot 2z
{1hsol
{1h1s0y
(Z)ueb (ghsof
{eluef{ghsol
(zhsoy
(1150

-

- N W e

{1)paniasuod (insop 4

{10801 (1thso|
{1150 (ihsop 4
(1nsg) (shsop 1
{1 nsof (inso]

(1 )psnsesuon {1}poasosuon |
{1 meb ‘(3 nsol (shsor
(1 Jweb (g hsoy 4

{1 )1804 (insop

{1150 (ihsor

paenbaidn

parey
paeinbaudn
pajenbeidn

payembasdn

pepenfaumop
payeinfasdn
payemnBaidn

pejeinfasumop

pajembaidn

perembasdn
pajeinbaudn
pejeinbeadn
payenpasdn
patenfiaidn
pajeinbedn
pajenBaidn
paginBeiumop
payeinBaiumop

pajeinbeidn

payeInBoIuMop

LaWo

EINIDLD
04H00LD

Lameg

didg

SoHIg
£oHIg
V08
£708

S17voEeg

SONY
CHIMY
TQ0dY
CHNY
ZTIFONY
LADINNY
WYOTY
SLVADY
9SInvay
CLSINVAY
I8V

{ssi

- (ss1 souab

{ss1 (SSL  quoas {asi {881 -/+ v | uossaidxe M@« o
-1+ G400 - 1'E) 26290 -+ PIOOL - L°E) HI/XOQ Ok | eade =) zezxea muew)ymxea o susb Buowe wouy)

") >)xeg | PiEpaurxeg 5 195
xoq 10 uonsANQg mm:mmaaw “B
uoifios JaouB YU uoiBal 1BoWoId HO aanEIng

91 "OI4d



US 2019/0279769 Al

Sep. 12,2019 Sheet 17 of 23

Patent Application Publication

(1)uteb(Zhsor

(151804

(131804

{4)ueB (g hisol

(Znsoy

(1 JugeB'(} Jponiosund'(1)iso}
{2)uel'(1hso;

{1 )ureb'(Z)sol

(FhureB (1 )poniosuoo ()iso;

(i PanIasuoo (4 1sof
(ghso
{Zuet ‘(ghisol

A

{1 kb {4 )isor

{1 ueb (1)isol
S

(Zhuieb (zpaniasuoo (ghsol
(ghsoy
(ehsot
(13801

(i )pantesuoo

(n1Juieb {(ghsof
(1.)1s01

(Zhweb'(} jpaniesuoot(y isol
(Zhso

(Vurb (i fisof
{1)pamssucy
{1 }paniasuod (1 1so;
(1)iso1
{1)is0

(pyueb(zhsol ¢
(insop 3

(1 ns0}

(L hsoy

{4 ureB{(zhso)

(1. )poAdasu0Di( | 180}

NN e e

{1 )paadsuod {1)parsesuoa

-

{1 )urel(} isoy
(zhso 2z
8 {11804 (1180

(znsoy
(Znso}

o

(1hsop 1
(1hsop 3

{ghuel (ghso} g {1 )ueb (3 1ot (it
(gnsop €
(1)parissuod (ghsol ¥

(iusot 3

{chueb ‘(chsol ¢ {1 )isoj (1 hsoy
(ihsop 3

{thmeb (Zhsot  Z
(LueB(zhsol ¢

{1hso;
(L hureB(y hsoy
(Zhsoy
(1 hsoy
(3 1sot

- N e

-

13

b

b

b

paienbaidn
peienbalumop
poigpbaiumep
pajenfoidn
palERbaumop
paenbaidn
peienBalumop

pejenbaiumop

peienhalumop
peienbalumop

pajembesdn

peignbaiumop

peienbalumop

poienbesdn
peiemBaidn
peienBeasdn

peieindaidn

poiERbaIUMOp

peignbaiumop

paienbasdn
paigphalumop
B

paiebescn

paienbaiumop
paienBaidn
peignbissumop

peienbaiumop

psienfaidn

Xvidiz
Z¥NA43
1dyo43
vyNgd
Z423
LdSNa
odda
£4d0
GLOrYNG

PHIAD
LGHAD

LAIEO
L9340

QAdD
SLXOD
88400
28400

LYLT00

ZNHO

DENIAD
fiee]

90420
gzl
CAVD
0LaEVO
PANYD




US 2019/0279769 Al

Sep. 12,2019 Sheet 18 of 23

Patent Application Publication

(i hsot

{1 hsot
{1)poAsesu0d (3 isof

{2)uieb (Z)porsasuos (Z)iso

(i hsol
{1)poAI98U00(Z)iSal

(2jwed (3 )pariasuoa {ghsal
(1 )ureB (1 jpansasuan

{1 )ueb ‘(1 nsoy

(1)pansssuon {180l

{ZThsot
(1 Juef'(ghsot

(ghu

{1 hisoy

(Qured (ghsoy
{g)pansesuco

(L hso}

{1)peatssuos (i )s0}
{gluted ‘(yhsot

{p)ued ‘(ghsol

{gluied {1 )paawsuos’(F)iso}
{1 hso}

{1)paniosuod’(Lhiso)

{1 hsot

{zyueB{ypsoy
(g)uet ‘(1 )periasuod (Zhso}

{1hsoy

{1)paniesuon{jisol

{ihsoy

(zhsol
{e)uteb {yhso)
{ihso}
{ehso)

(z)ued (1 )paaesuad {ghso
{1)ueb {3 nsof

(1150

(L ipanosuod(y hsol

{Zhsot

{Zhsoy

{Ziue

{1150

(guieb {ghsof
(1)ured {Ghsol

{1 )isof

{1)paniesuon {1 )isof
{1 )ute {phsoy
{ehsoy

(ghureh (1 Jpaniasuod{p)iso]
{1 his0f
(1ueb(z)isol
{Lhisoy

{1 isof
(g)ured (ghsof
{1 h1sof
(1 )ues
(Zhsol

NN N v e © = o o -

o N e

0 MmN

{1his0y

{1)parntosuod

{1h804

{1 isof

{1hsoy

{1 hsoy

{1hsoy

(1101
{1 h1soy

{1180

(11804

(1.)180f

|2

b

13

14

13

paendsidn

palemnbaadn
pajenbeidn
pajembsIumop
payemnbaidn

palembaidn

pajembaidn
paiembaidn
pegInbsiumop
pagnbaidn
paeinBaidn

paiemBaidn

psiembaiumop
paenbaidn
peigmBbaiumop
paienbaiumop
paiemBeaadn
perendesdn
peiemnbeadn
peiemnBeudn
pagnbaidn
peiepbaiumop
palepbaiumap
perenBaiumop
peiembasdn
B
parginbasdn
paeinbasdn
pargnBasdn
pareinbasdn
paeinbasdn

paginBaidn

SO

Xl

Zd¥O0!

LU
vy
LTV
2=
StH

vivons
PAFALD
614D
25D
AWND
HSDB
o e a1 25)
1St
LOXOS
INXOS
21804
€440
VELWYA

SO
[ENE]
gs4/3
Frdi3
28d1F
182413




US 2019/0279769 Al

Sep. 12,2019 Sheet 19 of 23

Patent Application Publication

{rhuieb (1 hsol
{1 )panosuno(L)iso}

(1 hsoy

(ensot

(4 hisoy

(1)uieb {3 Jperosuoo
(1 hsoy

{1 )parissucs

{ihsof

{$)ueb

(L)ureB {ghsof

{1 hsoy
(}JureB'(1)panesucd
{1 )ureb (Z)soy

{1 paniesuce {450

(1 )80}

{1 ypanrsesunoi(l )iso

{1 huefl (Z)paniasuos {Z)iso;

(2hso

{1)poA1asues {Z)sof

(Z)ueb (1 sy

(p)uset (yhsal
{1 )porigsuna'(Lhisol
(Zyuseb (yhsal
{ghsal

{1hso|
{1)ponsesu0o
(1880

(1)pariesucs

{1 e (g 1sop

(Zhueh {chso|

{1 et (g psol

{1hso)

(ghso)

{1)wed (¢ )parsesuoo (£)iso]

{1hso)

(Zhsal
{Z)porsesu0a {Z)1sq)

{Zhsal

NS
{1 )ueB {ghso|
{1 h1s0]

e e e N

e

W N e

{1 )poA138UOT

{1 )poAsssuos

{1hso)

{180}

{1 )ponsesuon

{
{1180

{1ip

{1p

BAIBSUOT

BAIBSUOD  }

{insop 1
Loy g
(1 }ureb

(ihsor ¢

13

pajenbaidn
pajeinbasdn
peenbaudn
pejeinbaidn
pajeinbaidn
pajenbaidn
paienbaiumop

paembaudn

pajey
pajenbsidn
pajembaidn
pajenbaidn
pajenboidn
pajenbaiumop
pejemnbe.dn
pejemnbaidn
peyenbeaudn
peyeinbaudn
parenbaudn
parenbasdn
payenbaudn
paenbatumop

pajembeidn

pajenbsidn

peembeidn

VIgNAN
B8QTIN
793N
SHOON
NEN

LIGAN
XN
LONA
ML
TSun
Gl
SWAAON
ZIVOIN
Y LYON
9USHAN
q1LLAN
Lon
LINGW
LISYIN

DdcdddT

VELAIM
4t 234403
2T60VVI




US 2019/0279769 Al

Sep. 12,2019 Sheet 20 of 23

Patent Application Publication

(1 hsof
(1ot
{(1hs0}
(Zhweb (Zhso)

(1 yueh {{ )paniesuoo (4 )isoj
{1 rued {)psresuod

{1 )parsesu0d

(o1 )ueb {3 )panesuod'(zhisol
{1 Yparsasuoa

(g1 e {ghsoy

(e (L hsoy

{1)ued (1 )panssuod

(1 )ueb (. hsoy

(1)ureb (1 hsoy

{1 )persesuas (L hsoy

(churel (L hsoy
(ZhureB(} )pontasuon'( i iso)

(riured (ghsol

{e
(2juieb (ghsoy

{(rjuieb (yhiso;

(| Ipsnsasuoo

(3 Juieb (1 jiso)

(L hisoy

(Z)uied (Z)partesuos(zisol
{1)poArs5U0D

{Zhsoy

{1)parasuon

{186 (1 hisol

{1ues (L hsol

{1)is0}
{1)soy
(1jued (3 hisoy
{Znsoy
(Zhsoy
(1)isoy
(1)180}

(web (ghso

{1)s0y

{g1)ueb (1 Jpanesuo'{ghsoy

(4 hugeh (L )isoy

{1hsoy

{ihsoy

{thsoy

(Zhsof

{F)ued {4 ) paniosuod

{Zhso}

{ehsoy

{£}ueb {Ghso
Beals

6 {phiso}

{1 )is0}

{11804

{1 )1e0}
{z)ponsasuos{Ziscr
(1)180}

(Zhsal

(1)web (L )so
{Zhsoy

{i)isor

.

(ihsoy

(1150

(1 Jpansesuod(y iso}

(Zhsor

(1)is01

(17150

{tuted

(zhso)

(zhsol

Z

pejeinBaudn
peenbaidn
parenbaudn
peenbaidn
peenbaidn
parenbaudn
payeinbeadn
payenBbaadn
paignbasumop
pajembaidn
paenBasLmop
peienBeumon
pogmbesdn
paiEnBesumon
psigmbasdn
pajembaidn
pasembaidn
peembaidn
pajeinbaiumog

pajemnbaidn

pejeinbeidn

pejeinBaidn
payenbaidn
paenbaidn
paenlsaumop
patenbsiumop
psieinbaidn
pareinbeidn
peignbaidn
paieinbaidn

paiginbaidn

ZYSYYd
LdFEYY
D¥dLd
LVbdid
XMt
gevMHd
gOtddd
NiNd

Wd
A0S
Od
EOHMAI
EAHMF T
Lad
80V
Zddd
L€
YA IHd
84Hd
GHd

SWIad
[eee)
SHSOd

H90MVd
Yeld¥d
Lt AYd
Y40
ZOLYN

9LdON
LOTION




US 2019/0279769 Al

Sep. 12,2019 Sheet 21 of 23

Patent Application Publication

(1)ueb (g hsoy

(1)ued (g hsoy

{1 )paniasuoo

(Zhsoy

(Z)pamosuon

{1 )ured (4 )pamesuos {

{ 180}

(1504
{yhsoy
(1 )ureh *(3 Jponsssuos (ghsol

(g)uieb (Zhsol
{1Juwed (1 )pansasuod {ghso}

(4 hsoy

(g)ureB (ghsol
(1)i50f

(9hueB
‘{Zipenaasuod (g )sol
{pIueb{i)iso}

(4 )paniasuoa

(g)utet (3 hsoy

(Ghueb g )ponsasuca (£ hsol
{1 hs0;

(L}porsesuco’{Zhsol

(1)uweb {3 nsol

{1 Jpantasuoo

(1 )u1eb (zhsof

{1 Jured (4 )pamnasuoo

(Z)ueb(y sl

{£Jueb (4 hisoy

(1 h1s0f

{11804

(1)uteB (Zhsoi
(2)paniwsuoo

()uped (ghsoi

{1 hs0y
{yhsol
(ghueb (phsoy
(Pt (zhsol
{Zhueb (phsol

{1 hsoj

(1)ureb (gnsoj
{11s0)

(o1 )ueb
‘{1 ypomiasuod (i hsoj
{1.)urel{ L hsoj

{1 1501
(1 hsof
(vhued (3 )panssuos {6)iso;

(1 )50

(1)paasesuoo{zhisol
{1 hisof

{3 )1s04

(zhsal

(1ywieh (3 nsoy
{1hsoy

NN N e

-

NN =

o e Nt e

{(thsoy

{1hsoy

(4 )uieb

{1 }pansosyoo

{1)poasosund

(thsoy

(1 B0y

{i Ypanissuoa

(

12

)

(1his0)

{11804

(Zuieb

{10501

{1 hs0;

(1 )0

(L hsof

PaAIBSU0l

1

pajenBeouidn

payenbaidn
psiginbesdn
pajeinbesumop
payeinBaidn

perenbsudn

petenbeadn
pergnbsiumop
pajenbasumop
paienbasdn
paiemnbasdn
pejeinBaudn
paienbasdn
poyenbaudn
pejeinbeudn
payenbeudn
peyemnbasumop

payenbsadn

perenbsadn
pajenbasdn
pelemnbaidn
pajenbaidn

pejenbadin

paijenbaadn
pajyenbaudn
paiembasdn
paeinbaiumop
paleinBaudn

poyenbsidn

g64Y.L

nWoLS
6EMLS

to4L8
Zd8S8S
NOYS

0k bdS
ZIINS
EQVINS
EVaroTs
GY0e0Ts
EVEDIS
SY6LOTS
LY9LDTS
IMOS
Ldd3dS
ViYNES
LIPLO3S

EHSYS
NI
Gl
LGMIS I
ZYH9ISA

47
IHOS
1EL80HY
£330
SRS
PSSV




US 2019/0279769 Al

Sep. 12,2019 Sheet 22 of 23

Patent Application Publication

(1 )useb (Z)pantesuoo ( hso;
(1 ys0y

(1 Jueb(y hsol

(Lhuieb (4 isoy

(e)ueb {3 )isol

{1 )ureb
(1 1)ureb (ghsof

(Zhneb (1 )peresuos

{(Zureb (4 Jpantesuon (ghsol

{1 )paniasuod

{6)ureb (ghsoj

{3180}

{1)ute (y hsoy
(1Jueb{(zHsol

(1)ureb (Z)panssuod (L hso;
(Zhueh () )persesuos'(y jiso;
{1 wieb (3 )porsesuon

{2)ureb ‘(3 psasasuos (Zsol

{Z)ured (3 nsoy

(Z)porsosuos
{1)uref‘{} partosuoo
{4 hso}

(V)ureb (4 neoy

(£hsof
(1 hsoy
(1 hso
{1hiso)
{1 hsoy

(2)ure {ghsof

{guteb (| psoy

{euteb {(glpersesund (L pso

{1 hsoy
(3 )ureB {ghso;
{1hso}
{1 hisoy
{Zhsoy
(£)50f
(Zhsoy
(1 )uted (1 psoy
{gured (ghsoy

{1 1m0
{1 )peatosuoa (| 380y
(1Ipeaissuoo

(1)ureb (| nsoy
{ihsoy

5 {Z)persesuns ¢

.

&N N e

(15150}
{1 hsof

{})poAISSUOD
‘{4 hisof

(ihisoy

(1)isol

(1)1s0y
(1)ureb {3 ysof

{ghsof

(ihsoy

{1 hsol

i
1

4

13

b

pojebasdn
perenbeidn
pajenbaidn
payeinbsidn

paiebaiumop

pajeinfaidn

pajenbasdn

peenbaidn

pajeinbasdn

poreinfaidn
payeinfisiumep
payejnbsidn
pojenbasdn
payenbaidn
pajenbasdn
perenBeidn
pelenBasumop

pajemnbaidn

paenbaidn
paieinBasumop
pajenbasdn
paysinbosumop
poynBaiumop
parenbeidn

pareinbaidn

8edL8Z
EdddNGX
481X
EAHGM
V4937

IS
9edSN

dINXL

£QZzO8L

YeveL
LEASHNL
EdIVINL
Prele: 22
GOLNINL
[4- 413

VL IENINLL
SAVLL
COOHL

28494
V491
IdAd
434
INDL
CUATL
LOMIDL




US 2019/0279769 Al

Sep. 12,2019 Sheet 23 of 23

Patent Application Publication

(€)uieb (1 )isof

(1)uieb *(2)so|

{Z)uied
(1)pantasuoo

(Z)uteb (L )isol

(Sluieb (1 )is0|
(Zhs0|

{Llureb
{1)paniasuco

{(1hso|

(L )soj

{1 )paniasuoo

pare|nbaidn

pajeinfesdn

patenBsidn
pajemnbaidn

perejnbaidn

ZINVOISZ
QLIHNZ

Qv LANZ
2198d4Z
GANVYAZ




US 2019/0279769 Al

METHODS AND COMPOSITIONS RELATED
TO TRIPLE-NEGATIVE BREAST CANCER

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of priority of
U.S. Provisional Patent Application No. 62/597,534 filed
Dec. 12,2017, which is hereby incorporated by reference in
its entirety.

GOVERNMENT SUPPORT CLAUSE

[0002] This invention was made with government support
under RO1 CA089208 and P30 CA014599 awarded by the
National Institutes of Health. The government has certain
rights in the invention.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0003] Embodiments of this invention are directed gener-
ally to biology and medicine. In certain aspects methods
involve determining the prognosis for a breast cancer patient
including risk of recurrence. In other embodiments, there are
methods and compositions for treating a breast cancer
patient with radiation, chemotherapy, immunotherapy, an
Hsp90 inhibitor, and/or a glucocorticoid antagonist.

II. Background

[0004] Aggressive breast cancers (BCs) that commonly
lack the expression of estrogen receptor (ER), progesterone
receptor (PR), and HER?2 are broadly categorized together as
triple-negative breast cancers (TNBCs). The absence of
these receptors, particularly ER, poses a challenge to patient
treatment options in part because of the lack of druggable
targets for TNBC (1). Resistance (de-novo or acquired) of
tumor cells to adjuvant treatment is also thought to contrib-
ute to increased relapse rates in early-stage TNBC patients
(2). Recent efforts to distinguish the variable natural history
of TNBC have used gene expression to divide these cancers
into four subtypes: basal-like-1, basal-like-2, mesenchymal,
and luminal androgen receptor (LAR) (3, 4). Additionally,
genomic, epigenetic, and proteomic analyses of TNBCs
have revealed several potential targets, including androgen
receptor (AR), EGFR, JAK2, mTOR, and PI3K (5-16).
Despite these advances, outside of clinical trials, patients
with early-stage TNBC still receive generic adjuvant cyto-
toxic chemotherapy. Therefore, the identification of tar-
getable regulators of TNBC aggressiveness and chemoresis-
tance remains a critical need.

[0005] The identification of molecular targets that play a
critical role in TNBC chemoresistance and recurrence is
important for the development of more effective therapies.
Given the diverse subtypes of TNBC, it seems unlikely that
one molecule will be a master regulator of poor prognosis in
all TNBC. Recently, GR has been identified as an upstream
regulator of important pro-oncogenic pathways through its
ability to regulate transcription and remodel chromatin.
Previous reports from our laboratory (52) and others (44, 55)
have found a significant association between shortened RFS
in early-stage ER-negative BC patients and high tumor GR
expression, suggesting that GC-activated GR-mediated
regulation of gene expression may contribute to chemo-
therapy resistance and shortened RFS. Because endogenous
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cortisol-activated GR is a transcriptional regulator of thou-
sands of direct and indirect target genes that vary in indi-
vidual cell types (93-95), identifying those GR-regulated
genes that are most relevant to prognosis and treatment of
TNBC has been a challenge. Therefore, the identification of
targetable regulators of TNBC chemoresistance, particularly
GR-regulated genes, and the treatment of such breast can-
cers remains a critical need.

SUMMARY OF THE INVENTION

[0006] Embodiments concern methods, compositions, and
apparatuses related to assessing, prognosing, and/or treating
cancer patients. The identification of patients that may be
especially suited for treatment with a particular therapy is a
goal of some embodiments disclosed herein. In particular,
genes that can be used to identify more accurately those
patients are useful. In addition, methods, compositions, and
apparatuses concerning determining a patient at risk for
recurrence of cancer and treatment options in view of that
risk are also provided.

[0007] Accordingly, embodiments include treating a
breast cancer patient; treating a breast cancer patient with a
GR antagonist; treating a cancer patient with a GR inhibitor,
treating a breast cancer patient with radiation; treating a
breast cancer patient determined to be at risk for recurrence;
treating a triple-negative breast cancer patient; treating a
breast cancer patient previously treated with a cancer treat-
ment; evaluating a patient with breast cancer; evaluating a
breast cancer patient for glucocorticoid receptor antagonist
therapy; evaluating a biological sample from a patient;
evaluating breast cancer cells from a patient; evaluating a
biological sample from a breast cancer patient; assessing a
breast cancer patient; testing a breast cancer sample or
biopsy; testing a breast tumor; prognosing a breast cancer
patient; treating a breast cancer patient, particularly a patient
with a particular profile related to ER and GR; determining
a treatment for a breast cancer patient; altering a treatment
plan for a breast cancer patient; reporting prognosis of a
breast cancer patient; determining a prognosis score for a
breast cancer patient; generating a prognosis score for a
breast cancer patient; assessing the risk of mortality of a
breast cancer patient; generating a GR-antagonist responsive
profile for a breast cancer patient; comparing a patient’s
GR-antagonist responsive profile to a standardized profile;
and/or, determining a breast cancer patient has a poor
prognosis based on one or more GR-antagonist responsive
genes.

[0008] In specific embodiments there are methods for
treating a breast cancer patient comprising administering a
glucocorticoid receptor (GR) antagonist to the patient after
the level of expression for at least 2 GR-antagonist respon-
sive genes from Supplementary Table S2 (“Table S2”) has
been measured from a biological sample from the patient. In
some embodiments, the patient is administered a GR inhibi-
tor. A “GR inhibitor” refers to a compound or agent that
inhibits or reduces GR expression or activity, though it
includes, but is not limited to GR antagonists. In some
embodiments, a GR inhibitor is not a GR ligand binding
domain antagonist. Hsp90 inhibitors and Compound A are
examples of non-GR ligand binding domain antagonist
inhibitors. Any embodiment discussed herein in the context
of' administering a GR antagonist may be implemented with
a GR inhibitor, and vice versa.
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[0009] In further embodiments, there are methods for
treating a breast cancer patient comprising administering a
glucocorticoid receptor (GR) antagonist (or GR inhibitor) to
the patient after the level of transcription for at least 5 genes
from Supplementary Table S3 or Supplementary Table S4
has been measured from a biological sample from the
patient.

[0010] Additional embodiments concern methods for
treating a breast cancer patient comprising administering a
glucocorticoid receptor (GR) antagonist (or GR inhibitor) to
the patient whose transcription levels of at least 2 genes on
Table S2 are measured and the breast cancer is determined
to be GR-antagonist responsive.

[0011] Any embodiment discussed in the context of a
method for treating may also be recited as a use of one or
more therapeutic agents, and vice versa. In some embodi-
ments, there is the use of a glucocorticoid receptor antago-
nist (or GR inhibitor) and a chemotherapeutic for the treat-
ment of GR+, ER- breast cancer in a patient determined to
be GR-antagonist responsive based on the level of transcrip-
tion of at least two genes in any of Tables S2, S3, and/or S4.
In specific embodiments, the genes are from Table S2.
Alternatively or additionally, the treatment may include
radiation, immunotherapy, hormone therapy, and/or other
biological therapy

[0012] In certain embodiments, a patient is treated with
one or more therapies such as chemotherapeutics, immuno-
therapeutics, hormones, radiation, Hsp90 inhibitors, Com-
pound A, glucocorticoid receptor inhibitors, and/or glucor-
ticoid receptor antagonists. A patient may be treated before,
after, or both before and after with one or more of these
agents with respect to being tested for gene expression of
one or more GR-responsive genes. A “GR-responsive bio-
marker” refers to a gene whose mRNA expression is detect-
ably increased or decreased in a biological sample relative to
the level of expression of a gene whose expression is known
to remain within a standard deviation of measurement in the
presence of a glucocorticoid receptor agonist (like dexam-
ethasone) or glucororticoid receptor antagonist (like mife-
pristone). In some embodiments, the change is an increase of
at least 1.3x relative to a housekeeping gene or a decrease
of at least 0.67x relative to a housekeeping gene. In certain
embodiments, a GR-responsive biomarker is a gene listed in
Table S2. Other GR-responsive biomarkers may be found in
Tables S3 or S4. A number of embodiments concern mea-
suring the level of expression of a panel of GR-responsive
biomarkers.

[0013] Other embodiments concern methods for evaluat-
ing a breast cancer patient for GR antagonist or GR inhibitor
therapy comprising measuring the level of expression of at
least 2 genes in any of Tables S2, S3, and/or S4 and
comparing the levels to a control level, which may a
reference level(s) that has been previously determined or the
levels of a control level may be measured using the patient’s
biological sample.

[0014] In additional embodiments, there are methods for
evaluating risk of recurrence in a patient previously treated
for breast cancer with a therapy other than with a GR-
antagonist or inhibitor, such as radiation and/or chemo-
therapy, the methods comprising measuring the level of
expression of at least 2 genes in any of Tables S2, S3, and/or
S4 and comparing the levels to a control level. In some
embodiments, a risk score is calculated based on the expres-
sion levels.
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[0015] In some cases, methods concern evaluating a
patient with breast cancer comprising: (a) measuring expres-
sion levels of at least two genes in any of Tables S2, S3,
and/or S4 of primary breast cancer cells from a biological
sample from the patient with breast cancer; (b) comparing
the expression levels of the at least two genes from step (a)
to a threshold activity level of expression in primary breast
cancers derived from a cohort of at least 200 test individuals
determined to be non-responsive to a GR antagonist or GR
inhibitor. In additional embodiments, the extent of GR-
antagonism or inhibition is measured using one or more
assays that directly or indirectly measure GR activity.

[0016] Embodiments also cover apparatuses, kits, and
computer readable medium and systems for assessing the
expression level of GR-antagonist responsive genes in a
patient’s breast cancer sample and determining a treatment;
and/or treating the patient accordingly. It is specifically
contemplated that a breast cancer patient is a human. In
some embodiments, the patient is female, while in others,
the patient is male. Accordingly, in human patients, ER
refers to an estrogen receptor in a human and GR refers to
a glucocorticoid receptor in a human.

[0017] A number of embodiments concern one or more
genes whose expression is altered in response to a gluco-
corticoid receptor agonist or antagonist, i.e., the one or more
genes are GR-responsive biomarkers. In any embodiment
discussed herein, there is involved at least, at most or exactly
1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51,
52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67,
68, 69,70, 71,72, 73,74, 75,76, 77,78, 79, 80, 81, 82, 83,
84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 111,
112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123,
124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135,
136, 137, 138, 139, 140, 141, 142, 143, 144, 145, 146, 147,
148, 149, 150, 151, 152, 153, 154, 155, 156, 157, 158, 159,
160, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170, 171,
172, 173, 174, 175, 176, 177, 178, 179, 180, 181, 182, 183,
184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194, 195,
196, 197, 198, 199, 200, 201, 202, 203, 204, 205, 206, 207,
208, 209, 210, 211, 212, 213, 214, 215, 216, 217, 218, 219,
220, 221, 222, 223, 224, 225, 226, 227, 228, 229, 230, 231,
232, 233, 234, 235, 236, 237, 238, 239, 240, 241, 242, 243,
244, 245, 246, 247, 248, 249, 250, 251, 252, 253, 254, 255,
256, 257, 258, 259, 260, 261, 262, 263, 264, 265, 266, 267,
268, 269, 270, 271, 272, 273, 274, 275, 276, 277, 278, 279,
280, 281, 282, 283, 284, 285, 286, 287, 288, 289, 290, 291,
292, 293, 294, 295, 296, 297, 298, 299, 300, 301, 302, 303,
304, 305, 306, 307, 308, 309, 310, 311, 312, 313, 314, 315,
316, 317,318, 319, 320, 321, 322, 323, 324, 325, 326, 327,
328, 329, 330, 331, 332, 333, 334, 335, 336, 337, 338, 339,
340, 341, 342, 343, 344, 345, 346, 347, 348, 349, 350, 351,
352,353, 354, 355, 356, 357, 358, 359, 360, 361, 362, 363,
364, 365, 366, 367, 368, 369, 370, 371, 372, 373, 374, 375,
376, 377,378, 379, 380, 381, 382, 383, 384, 385, 386, 387,
388, 389, 390, 391, 392, 393, 394, 395, 396, 397, 398, 399,
400, 401, 402, 403, 404, 405, 406, 407, 408, 409, 410, 411,
412, 413, 414, 415, 416, 417, 418, 419, 420, 421, 422, 423,
424,425,426, 427, 428, 429, 430, 431, 432, 433, 434, 435,
436, 437, 438, 439, 440, 441, 442, 443, 444, 445, 446, 447,
448, 449, 450, 451, 452, 453, 454, 455, 456, 457, 458, 459,
460, 461, or 462 (or any range derivable therein) genes
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(referred to as a plurality of genes) from those identified in
Supplementary Table S2 (“Table S2”), Supplementary Table
S3 (“Table S3”), or Supplementary Table S4 (“Table S47).

[0018] More specifically, the genes in Table S2 are
ABHDS, ACSL3, AP1AR, ASMTL, ATP2BI1, BBSI0,
BCOR, Cl120rf29, CACNAI1G, CCT6A, CDK7, CDKN2D,
CHMP2B, COL4A6, COL7A1, CORO2B, CPNES6, CRY]1,
CUL4A, DDX18, DLAT, DLG4, EIF3], ETF1, F2R, FGFS,
GL12, GRMS, GRMS6, HEATR3, HOMERI, HPSS,
HSPA9, IMPACT, 1PO7, IQCC, KCTD3, KISS1, LMNA,
LYPLAI, MAPRES2, MASI, MUCSAC, NAPILI,
NOLI11, NOXS, PEX3, PGRMC2, PLCB4, POLQ,
PRPF39, RABGGTB, RMNDI1, RPL31, RRH, SCN3B,
SEHIL, SERP1, SERPINDI1, SLC4A4, SPATASLI1, SSB,
SSBP3, SYT1, TBXA2R, TCEBIl, TROAP, TSEN2,
TYRO3, USEL, UTP14A, WDR43, WNTSA, and ZNF189
(referred collectively as the 72-gene panel”). It is specifi-
cally contemplated that any of these genes may be included
or excluded in an embodiment.

[0019] The genes in Supplementary Table S3 are ABHDS,
ACAA2, ACSL1, ADAMTSI12, ADAMTS6, AGPATS,
ALCAM, AMMECR1, ANGEL2, ANK2, APOOL, ARTH2,
ARMCS, ATP2B1, B3GALTS, BBS10, BCL3, BCLAFI,
BIRC3, BIRCS, BPTF, BRWDI1, Cl10o0rfl0, C1QTNF3,
CACNA1G, CALD1, CAMK4, CARDI10, CAV2, CBL,
CCDC6, CCT6A, CDKL2, CDKNIC, CDKN2D, CHN2,
COL1Al, COL4A6, COL7A1, COPS2, COPSE, COX15,
CPD, CPNE6, CREB3L1, CRIM1, CSPG4, CULAA,
CYR61, CYTH4, DGCRS, DLG4, DNAJCI1S, DPF3,
DRP2, DUSPI, E2F2, EDNRA, EFCABI, EFNA2,
EIF1AX, EIF2S1, EIF3C, EIF4E, EIF5B, ELF1, ELOVLS,
F2R, FAM13A, FGFR3, FOSL2, FOXNI, FOXO1, FTSJ1,
GADD45B, GCSH, GNLY, GPR12, GPR137, GTPBP4,
GUCAI1A, HOMERI1, ID1, IL15, IL1R1, ILIRAPLI,
IL27RA, IL7R, TPO7, IQGAP2, IRAK3, ITGB3, JAKI,
JAM3, KCTD3, KDR, KIAA0922, KIAA1462, KIF13A,
KISS1, LARP4, LMNA, LRPPRC, LRRC41, MAPRE2,
MASI1, MASP1, MBNL1, MCL1, METTL2B, MFSD6,
MGAT4A, MICAL2, MORF4L2, MPL, MRS2, MTRR,
MUCI, MXI1, MYBLI, NAP1L1, NBN, NCOR2, NEBL,
NEDD?9, NFKBIA, NIP7, NKTR, NNMT, NOL11, NOLCI,
NOP16, NOXS, NRID2, OPAl, PAKI1IP1, PAPPA,
PARDG6B, PCSKS5, PDCD2, PDLIMS, PDZD2, PGRMC2,
PHB, PHFS, PHLDA2, PIK3R1, PKP2, PLACE, PLDI,
PLEKHF2, PLEKHG3, PLG, PLSCR1, PML, PNN,
PPP1CB, PRKAR2B, PRKX, PTP4Al, PTPRG, RABEPI,
RASA2, RASSF4, RGS2, RGS3, RHOBTBI, RIOK2,
RPL13, RPL31, RPS6KA2, RPS6KBI, RRP15, RTNI,
SASH3, SEC14L1, SEMA7A, SEPP1, SGK1, SLC16A7,
SLC19A2, SLC2A3, SLC30A5, SLC46A3, SMAD3,
SNTB2, SP110, SPATASL1, SRGN, SSBP2, STC1, STK39,
STOM, SYTI1, TAF9B, TBL1X, TBXA2R, TCERGI,
TCF7L2, TCN1, TEF, TFPI, TGFA, TGFB2, THOC2,
TIAM2, TIMMI17A, TLR2, TMEMI165, TMOD3,
TNFAIP3, TNFSF11, TRA2A, TSC22D3, TXNIP, TYRO3,
UBE2B, USEl, USP36, USP46, UTPI4A, VEGFA,
WDFY3, XIST, XPNPEP1, ZBTB38, ZFANDS, ZFP36L.2,
ZNF146, ZNF189, ZNHIT6, and ZSCAN12 (referred col-
lectively as the 232-gene panel”). It is specifically contem-
plated that any of these genes may be included or excluded
in an embodiment.

[0020] The genes in Table S4 are ABCD4, ABCEL,
ABHDS, ACAA2, ACSL1, ACSL3, ACSI4, ADAMIO,
ADAMI9ADAMTS12, ADAMTS6, AGFG1, AGPATS,
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AIMP1, AKAPI2, ALCAM, AMDI, AMMECRI,
AMOTL2, ANGEL2, ANK2, AP1AR, AP4S1, APOOL,
AREG, ARHGEF4, ARIH2, ARMC4, ARMCS, ARTN,
ASCC3, ASMTL, ATG2B, ATM, ATNI1, ATPIIB,
ATP13A3, ATP2B1, ATPSS, ATR, AZI2, B3GALTS,
BBS10, BCL3, BCLAF1, BCOR, BIRC3, BIRCS, BMP7,
BPTF, BRWDI, C100rf10, C11orf57, C120rf29, CIQTNF3,
CIRL, CACNAI1G, CALCA, CALD1, CAMK4, CARDI10,
CASC5, CAV2, CBL, CCDC6, CCNB1IP1, CCTGA, CD24,
CDC25A, CDC25C, CDC37L1, CDK7, CDKL2, CDKN1C,
CDKN2D, CDO1, CDON, CHCHD7, CHMP2B, CHN2,
CHRM3, CIITA, CITED2, CLEC7A, CLSPN, COLIAI,
COL4A6, COL7A1, COPS2, COPSE, COQ2, CORO2B,
COX15, CPD, CPM, CPNE6, CREB3L1, CRIM1, CRY1,
CSPG4, CUL4A, CXCL2, CYR61, CYTH4, CYTIP, DCN,
DDX18, DGCRS, DHRS2, DLAT, DLG4, DNAJCIS,
DPF3, DRP2, DTWD1, DUSP1, E2F2, EBAGY, EDNRA,
EFCAB1, EFNA2, EGRI, EIF1AX, EIF2S1, EIF3C,
EIF3E, EIF3F, EIF3J, EIF3M, EIF4E, EIFSB, ELFI,
ELOVL5, EPB41L5, EPHAS, ESFI, ESRRG, ETFI,
ETNK1, EZR, F2R, FAMI20A, FAMI3A, FAMGOA,
FANCF, FBX038, FBXW2, FGF5, FGFR1, FGFR3, FIX1,
FOSL2, FOXN1, FOXO1, FTSJ1, FXR1, GAB1, GABA-
RAPL1, GADD45B, GATA3, GCSH, GIMAP6, GINI,
GJAL, GLI2, GLUL, GNLY, GPR12, GPR135, GPR137,
GPR161, GPR39, GRIKI, GRM5, GRMS6, GTF2HS,
GTPBP4, GUCA1A, HEATR3, HIRA, HOMER1, HOPX,
HPSS, HSPAY, ID1, IGFBP3, IL15, ILIR1, ILIRAPLI,
IL27RA, IL7R, IMPACT, IPO7, IQCC, IQGAP2, IRAK3,
ITGB3, ITGBL1, ITPR2, JAKI, JAK2, JAM2, JAMS3,
KCTD3, KDR, KIAA0922, KIAA1462, KIF13A, KIN,
KISS1, LARP1, LARP4, LIMCHI, LMNA, LRPPRC,
LRRC41, LYPLA1, MAFF, MAGI2, MAP9, MAPRE2,
MAS1, MASPI, MATR3, MBNL1, MCL1, METAP2,
METTL2B, METTLS, MFSD6, MGAT4A, MGATS,
MICAL2, MINA, MORF4L2, MPL, MPP5, MRS2,
MS4A4A, MTO1, MTRR, MUC1, MUC5AC, MXII,
MYBLI1, NAPIL1, NBN, NCOA3, NCOR2, NDUFAF4,
NEBL, NEDD4, NEDD9, NEU3, NFIB, NFKBIA,NIP7,
NKTR, NNMT, NOC3L, NOL11, NOLC1, NOP16, NOXS5,
NRI1D2, NRIPI, NSUN7, ODAM, OPAl, OTUD4,
PAK1IPI, PAPOLA, PAPPA, PARD6B, PCMTD2,
PCNXL2, PCSK5, PDCD2, PDE7B, PDLIMS, PDS5SA,
PDZD2, PEX3, PEX5SL, PGRMC2, PHB, PHFS, PHIP,
PHLDA2, PIK3C2A, PIK3R1, PKLR, PKP2, PLACE,
PLCB4, PLDI, PLEKHF2, PLEKHG3, PLG, PLK4,
PLOD2, PLSCRI, PML, PMSI, PNN, POLQ, PPPICB,
PRKAR2B, PRKCE, PRKG1, PRKX, PRPF38B, PRPF39,
PRRG1, PSMF1, PTCHI, PTP4A1, PTPN13, PTPN2,
PTPRG, RABI11FIP1, RABEP1, RABGGTB, RANBP2,
RASA2, RASSF4, RBM12, RBM15, RCHY1, RFTNI,
RGS12, RGS2, RGS3, RHOBTBI, RIOK2, RMNDI,
RPL13, RPL31, RPS27A, RPS6KA2, RPS6KB1, RRH,
RRP15, RSLIDI, RTN1, SAAI, SASH3, SCAMPI,
SCN3B, SCUBE3, SEC141.1, SEC24D, SEH1L, SEMA7A,
SENP6, SEPP1, SERBP1, SERP1, SERPINDI, SETDG,
SETMAR, SETX, SEZ6L, SGK1, SIK2, SIK3, SLC12A3,
SLC16A7, SLC19A2, SLC25A32, SLC25A36, SLC2A3,
SLC30A1, SLC30AS, SLC35A3, SLC46A3, SLC4A4,
SMAD3, SNTB2, SNX24, SOSI, SOX2, SP110,
SPATASL1, SRGN, SSB, SSBP2, SSBP3, STC1, STK39,
STOM, STX7, SULF1, SYNCRIP, SYTI, TAF9B,
TAX1BP3, TBL1X, TBXA2R, TCEB1, TCEB3, TCERG],
TCF7L2, TCN1, TEF, TFB2M, TFPI, TGFA, TGFB2,
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TGFBR3, THOC2, TIAM2, TIMM17A, TIMMSB, TLR2,
T™2D1, TMEMI165, TMEM33, TMEMS5, TMEMS7A,
TMOD3, TNFAIP3, TNFSF11, TNIP1, TOMMT70A,
TRA2A, TRA2B, TROAP, TSC22D3, TSEN2, TTC22,
TXNIP, TXNL1, TYMS, TYRO3, TYROBP, UBAG,
UBE2B, USEl, USP36, USP46, UTPI4A, VEGFA,
VWASA, WDFY3, WDR43, WNTSA, WTAP, XIST, XPN-
PEP1, YIPF4, ZBTB38, ZFANDS5, ZFANDG6, ZFP36L.2,
ZMYM6, ZNF146, ZNF189, ZNF529, ZNF7, ZNHIT6, and
ZSCANI12 (referred collectively as the “462 gene panel”). It
is specifically contemplated that any of these genes may be
included or excluded in an embodiment.

[0021] It is specifically contemplated that 1, 2, 3, 4, 5, 6,
7,8,9,10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24,25, 26,27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,
40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55,
56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71,
72,73,74,75,76,77,78,79, 80, 81, 82, 83, 84, 85, 86, 87,
88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102,
103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114,
115, 116, 117, 118, 119, 120, 121, 122, 123, 124, 125, 126,
127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138,
139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150,
151, 152, 153, 154, 155, 156, 157, 158, 159, 160, 161, 162,
163, 164, 165, 166, 167, 168, 169, 170, 171, 172, 173, 174,
175, 176, 177, 178, 179, 180, 181, 182, 183, 184, 185, 186,
187, 188, 189, 190, 191, 192, 193, 194, 195, 196, 197, 198,
199, 200, 201, 202, 203, 204, 205, 206, 207, 208, 209, 210,
211, 212, 213, 214, 215, 216, 217, 218, 219, 220, 221, 222,
223, 224,225,226, 227, 228, 229, 230, 231, 232, 233, 234,
235, 236, 237, 238, 239, 240, 241, 242, 243, 244, 245, 246,
247, 248, 249, 250, 251, 252, 253, 254, 255, 256, 257, 258,
259, 260, 261, 262, 263, 264, 265, 266, 267, 268, 269, 270,
271, 272, 273, 274, 275, 276, 277, 278, 279, 280, 281, 282,
283, 284, 285, 286, 287, 288, 289, 290, 291, 292, 293, 294,
295, 296, 297, 298, 299, 300, 301, 302, 303, 304, 303, 306,
307, 308, 309, 310, 311, 312, 313, 314, 315, 316, 317, 318,
319, 320, 321, 322, 323, 324, 325, 326, 327, 328, 329, 330,
331, 332, 333, 334, 335, 336, 337, 338, 339, 340, 341, 342,
343, 344, 345, 346, 347, 348, 349, 350, 351, 352, 353, 354,
355, 356, 357, 358, 359, 360, 361, 362, 363, 364, 365, 366,
367, 368, 369, 370, 371, 372, 373, 374, 375, 376, 377, 378,
379, 380, 381, 382, 383, 384, 385, 386, 387, 388, 389, 390,
391, 392, 393, 394, 395, 396, 397, 398, 399, 400, 401, 402,
403, 404, 405, 406, 407, 408, 409, 410, 411, 412, 413, 414,
415, 416, 417, 418, 419, 420, 421, 422, 423, 424, 425, 426,
427, 428, 429, 430, 431, 432, 433, 434, 435, 436, 437, 438,
439, 440, 441, 442, 443, 444, 445, 446, 447, 448, 449, 450,
451,452,453,454,455,456, 457,458,459, 460, 461, or 462
(or any range derivable therein) of these listed genes or
GR-responsive biomarkers may be included or excluded in
embodiments described herein. In certain embodiments, at
least, at most or exactly a certain plurality of genes may be
measured, quantitated, detected, evaluated, and/or com-
pared. In some methods, steps include but are not limited to
measuring, quantitating, detecting, evaluating, and/or com-
paring a plurality of genes. The plurality of genes or
biomarkers may be referred to as a panel. A plurality of
GR-responsive biomarkers may be referred to as a GR-
responsive biomarker panel and any embodiment provided
herein with respect to a plurality of genes from any of Tables
S2, S3, or S4 may also be implemented with a GR-respon-
sive biomarker panel. In specific embodiments, the gene is
a direct target gene, meaning These genes have regulator
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elements bound by activated GR (by dex) and not be vehicle
(control) suggesting they are directly regulated by GR
transcriptional activity--they tend to be robust across tumor
types and breast cancer types because of the direct nature of
the interaction of GR with the gene’s regulatory elements.

[0022] Some embodiments include generating an expres-
sion profile for a patient of GR-responsive genes, which
means measuring the level of expression of a plurality of
genes whose expression is increased in the presence of or
following exposure to a glucorticoid receptor agonist or
decreased in the presence of or following exposure to a
glucocorticoid receptor antagonist.

[0023] In certain embodiments, methods may involve cat-
egorizing the patient as having an increased or decreased
level of expression based on the measured level of expres-
sion of a GR agonist-responsive gene or GR antagonist-
responsive gene and a predetermined threshold value for that
GR agonist-responsive or GR antagonist-responsive gene.

[0024] In some embodiments, expression of GR agonist-
responsive genes is measured, which may be part of gener-
ating a GR-responsive expression profile for a patient. GR
agonist-responsive genes are those identified in any of
Tables S2, S3, and S4. In certain embodiments, those genes
are limited to either S2, S3, or S4. In other embodiments,
GR-responsive genes are limited to certain genes listed in
S2, S3, and/or S4. In Table S2, it shows the following genes
are induced by a glucocorticoid agonist (such as dexametha-
sone) and exhibit an increase in expression (such as greater
than 1.3x) following exposure to a GR agonist: ABHDS,
ACSL3, AP1AR, ASMTL, ATP2B1, BBS10, BCOR, C
120rf29, CCT6A, CDK7, CHMP2B, CRY1, CULAA,
DDX18, DLAT, EIF3J, ETF1, F2R, HEATR3, HOMERI,
HPSS, HSPA9, IMPACT, IPO7, KCTD3, LYPLAI,
NAPIL1, NOL11, PEX3, PGRMC2, PLCB4, PRPF39,
RABGGTB, RMNDI,RPL31, SEHIL, SERP1, SPATASL1,
SSB, TCEBI, TSEN2, USE1, UTP14A, WDR43, WNT3A,
and ZNF189. In some embodiments, expression is measured
with exactly, with at least, or with at most 1, 2,3, 4, 5,6, 7,
8,9,10,11, 12,13, 14, 15,16, 17,18, 19, 20, 21, 22, 23, 24,
25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
41, 42, 43, 44, 45, or 46 of these genes (or any range
derivable therein). In some embodiments, an increase in
expression is measured in one or more of these genes.

[0025] In some embodiments, expression of GR antago-
nist-responsive genes is measured, which may be part of
generating a GR-responsive expression profile for a patient.
GR antagonist-responsive genes are those identified in any
of Tables S2, S3, and S4. In certain embodiments, those
genes are limited to either S2, S3, or S4. In other embodi-
ments, GR-responsive genes are limited to certain genes
listed in S2, S3, and/or S4. In Table S2, it shows the
following genes are decreased by a glucocorticoid antago-
nist (such as mifepristone) and exhibit an decrease in
expression (such as less than 0.67x) following exposure to
a GR antagonistt CACNAIG, CDKN2D, COL4AG6,
COL7A1, CORO2B, CPNE6, DLG4, FGFS, GLI2, GRMS,
GRMS6, 1QCC, KISS1, LMNA, MAPRE2, MAS1, MUC-
SAC, NOXS, POLQ, RRH, SCN3B, SERPINDL SLC4A4,
SSBP3, SYT1, TBXA2R, TROAP, and TYRO3. In some
embodiments, expression is measured with exactly, with at
least, or with at most 1, 2,3, 4, 5, 6,7, 8,9, 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, or 28
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of these genes (or any range derivable therein). In some
embodiments, a decrease in expression is measured in one or
more of these genes.

[0026] A unique collection of biomarkers as a genetic
classifier expressed in a cancer tissue is provided that is
useful in determining responsiveness to therapeutic agents,
such as GR antagonists or GR inhibitors, used to treat
cancer. The panel also provides relevant information about
recurrence and/or treatment with other cancer treatment such
as chemotherapeutics, radiation, immunotherapeutics, and/
or hormone thereapy. Such a collection may be termed a
“biomarker panel,” “expression classifier,” or “classifier.”
[0027] In some embodiments, a score is calculated based
on the expression profile of a patient. In certain embodi-
ments, the value assigned to represent the expression of one
or more genes may be adjusted. In some cases, a weight is
attached to one or more values. The term “weight” refers to
the relative importance of an item in a statistical calculation.
The weight of each biomarker in a gene expression classifier
may be determined on a data set of patient samples using
analytical methods known in the art.

[0028] In certain embodiments, the relative expression
levels of GR-responsive biomarkers in are measured to
generate a gene expression profile. The gene expression
profile of a set of biomarkers from a patient sample may be
set forth as a decision score and compared to a score
threshold that is mathematically derived from a training set
of patient data. The score threshold separates a patient group
based on different characteristics such as, but not limited to,
responsiveness/non-responsiveness to treatment such as
GR-antagonist or GR-inhibitor therapy The patient training
set data may be generated from cancer samples that have
been characterized by one or more of the following: prog-
nosis, likelihood of recurrence, long term survival, clinical
outcome, treatment response, diagnosis, cancer classifica-
tion, or personalized genomics profile. In some embodi-
ments, expression profiles and corresponding decision
scores from patient samples may be correlated with the
characteristics of patient samples in a training set that are on
the same side of the mathematically derived score decision
threshold. The threshold of the linear classifier scalar output
is optimized to maximize the sum of sensitivity and speci-
ficity under cross-validation as observed within the training
dataset.

[0029] In additional embodiments, the overall expression
data for a given sample is normalized using methods known
to those skilled in the art in order to correct for variables
such as amounts of starting material, efficiencies of the
isolation, purification, and/or amplification reactions, or in
assay conditions. Using a linear classifier on the normalized
data to make a prognostic call (e.g., responsiveness to a GR
antagonist or recurrence) effectively means to split the data
space, i.e. all possible combinations of expression values for
all genes in the classifier, into two disjoint halves by means
of a separating hyperplane. This split is empirically derived
on a large set of training examples, for example from
patients showing responsiveness or resistance to a therapeu-
tic agent. Without loss of generality, one can assume a
certain fixed set of values for all but one biomarker, which
would automatically define a threshold value for this
remaining biomarker where the decision would change
from, for example, responsiveness or resistance to a thera-
peutic agent. Expression values above this dynamic thresh-
old would then either indicate resistance (for a biomarker
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with a negative weight) or responsiveness (for a biomarker
with a positive weight) to a therapeutic agent. The precise
value of this threshold depends on the actual measured
expression profile of all other biomarkers within the classi-
fier, but the general indication of certain biomarkers remains
fixed, i.e. high values or “relative over-expression” always
contributes to either a responsiveness (genes with a positive
weight) or resistance (genes with a negative weights). There-
fore, in the context of the overall gene expression classifier,
relative expression can indicate if either up- or down-
regulation of a certain biomarker is indicative of respon-
siveness or resistance to a therapeutic agent.

[0030] In some embodiments, a biomarker expression
profile of a patient sample is evaluated by a linear classifier.
A linear classifier refers to a weighted sum of the individual
biomarker values into a compound decision score (“decision
function™). In certain embodiments a decision score is
compared to a pre-defined cut-off score threshold that cor-
responds to a certain set-point with respect to sensitivity and
specificity, which indicates whether a sample is above the
score threshold (decision function positive) or below (deci-
sion function negative).

[0031] In further embodiments, a weighted sum of the
pre-processed intensity values for each mRNA transcript is
formed and compared with a threshold value optimized on
the training set (Duda et al. Pattern Classification, 2 Ed.,
John Wiley, New York 2001). The weights can be derived by
a multitude of linear classification methods, including but
not limited to Partial Least Squares (PLS, (Nguyen et al.,
2002, Bioinformatics 18 (2002) 39-50)) or Support Vector
Machines (SVM, (Scholkopf et al. Learning with Kernels,
MIT Press, Cambridge 2002)). In an additional embodiment,
data is transformed non-linearly before applying a weighted
sum as described above. This non-linear transformation
might include increasing the dimensionality of the data. The
non-linear transformation and weighted summation might
also be performed implicitly, e.g., through the use of a kernel
function. (Scholkopt et al., Learning with Kernels, MIT
Press, Cambridge 2002).

[0032] Some embodiments for cancer treatment concern a
GR antagonist, which means a compound or substance that
does not provoke a biological response itself upon binding
to the glucocorticoid receptor, but that blocks or dampens
agonist-mediated responses. Some GR antagonists also have
some agonist activity, in which case they may be referred to
as GR modulator; unless otherwise specified, GR modula-
tors are included as GR antagonists though in some embodi-
ments, a GR modulator may be excluded specifically or as
a class of compounds. An example of a GR modulator is
CORT 108297, CORT 118335, CORT 12534, or CORT
108134.

[0033] In some embodiments, a GR antagonist is admin-
istered to a subject. In certain embodiments, the subject is
tested for an ability to respond to one or more GR antago-
nists, which can be done by evaluating levels of expression
of 1 or more GR antagonist responsive genes, which are
genes whose level of expression changes in a number of
individuals after exposure to a GR antagonist. In certain
embodiments, a GR antagonist is non-selective, while in
other embodiments, it is selective. In some embodiments, a
GR antagonist is a steroidal compound, though in other
embodiments, it is nonsteroidal. The GR antagonist may be
a compound that is an octahydrophenanthrene (CAS Reg-
istry Number: 5325-97-3), spirocyclic dihydropyridine, tri-
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phenylmethanes and diaryl ether, chromene, dibenzyl ani-
line, dihydroisoquinoline, pyrimidinedione (CAS Registry
Number: 504-07-4), azadecalin, and/or aryl pyrazolo aza-
decalin. In certain embodiments, the GR antagonist is
CORT108297, CORT118335 (shown below), or CORT
125134 (J. Med. Chem., 2017, 60 (8), pp 3405-3421, which
is hereby incorporated by reference), or any other GR
antagonist identified in Mohler et al., Expert Opin. Ther.
Patents (2007) 17(1):59-81, which is hereby incorporated by
reference. In other embodiments, the GR antagonist is ORG
34517 (PubChem CID 9824013) or an analog thereof or any
other GR inhibitor in US Patent Publication 2016/0289261,
which is hereby incorporated by reference. In some cases,
the GR antagonist includes, but is not limited to, beclom-
etasone, betamethasone, budesonide, ciclesonide, flunisol-
ide, fluticasone, mifepristone, mometasone, and triamcino-
lone.

[0034] In some embodiments the GR antagonist includes
compounds analogs discussed in Clark, 2008, Current Top-
ics in Medicinal Chemistry. Vol. 8, No. 9. pp. 813-838 or
Mohler et al., Expert Opin. Ther. Patents (2007) 17(1):59-
81, which are both specifically incorporated by reference.
Compounds include cortisol, dexamethasone, RTI 3021-
012, RTI 3021-022, cyproterone acetate. Analogs and/or
derivatives include those of the following compounds:
RU-43044, RU-486 (mifepristone or RU-38486; for
example, Compound 1, Compound 2, Compound 3, Com-
pound 4, Compound 5, Compound 6, Compound 7, Com-
pound 8, Compound 8, Compound 9, Compound 10, Com-
pound 11, Compound 12, Compound 13 (or RU-486),
Compound 14, Compound 15 and Compound 16, Com-
pound 17, Compound 18, Compound 19, Compound 20,
Compound 21, Compound 22, Compound 23, Compound
24, Compound 25, Compound 26, Compound 27, Com-
pound 28, Compound 29, Compound 30), 11-Monoaryl
steroids, 11,21 bisaryl steroids (for example Compound 31
(Org 34517), Compound 32 (Org 34850) and Compound 33
(Org 36410)), 118-Aryl conjugates of mifepristone (for
example, Compound 34, Compound 35, Compound 36,
Compound 37, Compound 38, Compound 39, Compound
40, Compound 41, Compound 42, Compound 43, Com-
pound 44, and Compound 45); phosphorus-containing mife-
pristone analogues (for example, Compound 47 and Com-
pound 48), octahydrophenanthrenes (for example, (S)-49,
(R)-49, Compound 50 (or CP-409069), Compound 51 (or
CP-394531), Compound 52, Compound 53, Compound 54,
Compound 55, Compound 56, Compound 57, Compound
58, Compound 59, Compound 60, Compound 61 (CP-
47255) Compound 62 and Compound 63), sprirocyclic
dihydropyridines (for example, Compound 64, Compound
65, Compound 66, Compound 67, Compound 68 and Com-
pound 69), triphenylmethanes (for example, Compound 70
and Compound 71), diaryl ethers (for example, Compound
72), chromenes (Compound 73, Compound 74, Compound
75, Compound 76, Compound 77, Compound 78, Com-
pound 79, Compound 80, Compound 81, and Compound
82), dibenzyl anilines (for example, Compound 83, Com-
pound 84, Compound 85, Compound 86, Compound 87,
Compound 88, Compound 89, Compound 90, Compound 91
and Compound 92), dihydroquinolines (for example, Com-
pound 93 and Compound 94), pyrimidinediones (for
example, Compound 95, Compound 96, Compound 97,
Compound 98, Compound 99, Compound 100, Compound
101, Compound 102, Compound 103, Compound 104 and
Compound 105 as well as Compound 106, Compound 107,
Compound 108, Compound 109, Compound 110, Com-
pound 111, Compound 112, Compound 113, Compound
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114, Compound 115, and Compound 116), azadecalins (For
example Compound 117, Compound 118, Compound 119,
Compound 120, Compound 121, Compound 122, Com-
pound 123, Compound 124, (R)-123, Compound 124, Com-
pound 125, Compound 126, Compound 127, Compound
128, and Compound 129), aryl pyrazolo azadecalins (for
example Compound 130, Compound 131, Compound 132,
Compound 133, Compound 134, Compound 135, Com-
pound 136, Compound 137, Compound 138, Compound
139, Compound 140, Compound 141, Compound 142,
Compound 143, Compound 144, Compound 145, Com-
pound 146, Compound 147, Compound 148, Compound
149, Compound 150, Compound 151, Compound 152,
Compound 153, Compound 154, Compound 155, Com-
pound 156, Compound 157, Compound 158, Compound
159, Compound 160, Compound 161, Compound 162,
Compound 163, Compound 164, Compound 165, Com-
pound 166, Compound 167, Compound 168 and Compound
169). In other embodiments GR antagonists include non-
steroidal antagonist compound 8 (See Luz et al. 2015.
Journal of Medicinal Chemistry. 58, 6607-6618). In some
embodiments, GR antagonists include dexamethasone, pred-
nisolone, RU-24858, Compound A, AL-438, LGD-5552,
7ZK-216348, Mapracorat  (ZK-245186), (108297,
MK-5932, Org 214007-0, PF-802, Fosdagrocorat, Com-
pound 10 and derivatives and analogues thereof as
described, for example in Pharmacology & Therapeutics,
Volume 152, August 2015, Pages 28-41, which is specifi-
cally incorporated by reference. In specific embodiments,
GR antagonists from Clark, Current Topics in Med. Chem.,
2008, 8(9):813-838 are included or excluded.

[0035] In some embodiments, one or more of these
antagonists is excluded. It is further contemplated that
instead of a GR antagonist, the patient is administered a GR
inhibitor. In some embodiments, a subject or a subject’s cells
are not given dexamethasone. In some embodiments, Com-
pound A can be administered to the patient as or instead of
a GR antagonist because Compound A is a GR inhibitor.
Compound A, also known as CpdA, is a compound with
anti-inflammatory and anti-cancer activity (see Lesovaya et
al., Oncotarget 2015 Oct. 13; 6(31):30730-30744, 2015 and
S. J. Desmet, N. Bougarne, L.. Van Moortel, L.. De Cauwer,
J. Thommis, M. Vuylsteke, D. Ratman, R. Houtman, J.
Tavernier & K. De Bosscher Scientific Reports 7, Article
number: 8063 (2017), which are hereby incorporated by
reference). Compound A influences gene regulation of the
dexamethasone-activated glucocorticoid receptor by alter-
native cofactor recruitment. Compound A does not bind to
ligand pocket but is a GR inhibitor.

S CF3
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[0036] In additional embodiments, a patient is adminis-
tered an Hsp90 inhibitor. Hsp90 inhibitors block the proper
folding of GR so that GR loses most of its transcriptional
activity. Therefore Hsp90 inhibitors, by preventing Hsp90
from complexing with GR, blocks GR function in an indirect
way. Examples of Hsp90 inhibitors include, but are not
limited to, geldanamycin, ganetespib, radicicol, 17-N-Ally-
lamino-17-demethoxygeldanamycin/tanespicmycin/17AAG
(BMS), 17-DMAG, herbimycin A, novobiocin sodium
(U-6591), 17-GMB-APA-GA, macbecin I, CCT 018159,
gedunin, PU24FC1, PU-H71, PU-DZ8, PU3, AUY922 (No-
vartis), HSP990 (Novartis), retaspimycin hydrochloride/IPI-
504 (Infinity), BIIB021/CNF2024 (Biogen Idec), STA-9090
(Synta), IP1-493 (Infinity), SNX-5422/mesylate (Pfizer),
BIIB0O28 (Biogen Idec), KW-2478 (Kyowa Hakko Kirin),
AT13387 (Astex), XL.888 (Exelixis), MPC-3100 (Myriad),
ABI-010/nab  (nanoparticle, albumin bound)-17AAG
(Abraxis). It is specifically contemplated that one or more of
the Hsp90 discussed herein, in the incorporated references,
or known to those of skill in the art may be excluded in
certain embodiments. In certain embodiments, Hsp90
inhibitors used herein may not be a GR antagonist or may
not bind to GR, even may not downregulate GR expression.
It is specifically contemplated that any embodiment dis-
cussed with respect to a GR antagonist may be implemented
with an Hsp90 inhibitor instead of or in addition to one or
more GR antagonists. In some embodiments, more than one
Hsp90 inhibitor is used.

[0037] In some embodiments, one or more genes may be
directly or indirectly measured or assayed for expression.
Methods include directly measuring or assaying the level of
expression which refers to measuring or assaying a sample
to determine the level of gene expression (protein or tran-
script) in a cell. Indirectly obtaining the level of expression
includes measuring or assaying expression or activity of a
gene or protein that correlates with expression of the gene.
In some embodiments, the level of expression of a GR-
antagonist gene can be indirectly obtained by measuring or
assaying expression of GR or a GR-responsive reporter
gene, which refers to a gene whose expression is affected in
a dose-dependent manner by GR expression or activity.
Expression refers to either protein expression or RNA
(transcript) expression unless otherwise specified. In specific
embodiments, level of RNA transcripts is the level of
expression being measured, compared, and/or evaluated.
Methods may involve either type of expression and a variety
of assays are well known to those of skill in the art. For
example, quantitative PCR may be performed to obtain
RNA expression levels. An Affymetrix chip also provides
information regarding RNA expression levels. Alternatively,
reagents to detect protein expression levels may be
employed in embodiments. Methods may involve probes,
primers, and/or antibodies that are specific to the GR-
antagonist responsive gene product in order to assess expres-
sion levels.

[0038] In some embodiments, the activity level of GR is
measured by assaying the level of GR expression. In addi-
tional embodiments, GR expression is GR transcript expres-
sion. In other embodiments, GR expression is GR protein
expression. As discussed above, in some embodiments, the
activity level of GR is measured by assaying the expression
level of one or more GR-responsive genes. A GR-responsive
gene may be one or more of the following: MCL1, SAP30,
DUSP1, SGK1, SMARCA2, PTGDS, TNFRSF9, SFN,
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LAPTMS, GPSM2, SORT1, DPT, NRP1, ACSL5, BIRC3,
NNMT, IGFBP6, PLXNCI, SLC46A3, Cl4orfl39, PIASI,
IDH2, SERPINF1, ERBB2, PECAMI1, LBH, ST3GALS,
IL1R1, BIN1, WIPF1, TFPI, FN1, FAMI134A, NRIPI,
RAC2, SPP1, PHFI15, BTN3A2, SESNI, MAP3KS5,
DPYSL2, SEMA4D, STOM, or MAOA. In some embodi-
ments, a GR antagonist-responsive gene is one whose
expression is directly affected by GR through a GR-respon-
sive element in its transcriptional control region.

[0039] Insomeembodiments, there is a step of assaying or
measuring the activity level of glucocorticoid receptor (GR)
in a biological sample from the patient containing breast
cancer cells. (“breast cancer sample”). In some embodi-
ments, the biological sample is a biopsy from the breast or
from the lymph nodes that are adjacent to the breast. In other
embodiments, the biological sample is comprises cells that
are not breast cells and may be obtained from an organ or
tissue other than the breast. In some embodiments, the
biological sample comprises metastasized breast cancer
cells. As discussed above, the activity level of GR can be
obtained directly or indirectly. It is specifically contemplated
that levels of glucocorticoid activity or expression refers to
activity or expression of GR o, GR B, or both. Unless
specifically stated otherwise, the terms “glucocorticoid
receptor” or “GR” refer to both forms.

[0040] Insome embodiments, methods include identifying
the patient as having or not having a risk factor for cancer
recurrence based on the levels of ER and GR expression.
Methods may involve categorizing the patient as ER+ or
ER- based the level of estrogen receptor expression and a
predetermined threshold value for ER expression. The term
“ER+” refers to a classification of ER expression that
indicates the patient expresses estrogen receptor in breast
cancer cells at or above a certain level. The term “ER-”
refers to a classification of ER expression that indicates the
patient expresses estrogen receptor at a relatively low level
in breast cancer cells, meaning at or below a certain level. In
certain embodiments, the patient being tested and/or treated
has triple-negative breast cancer. In some cases, the patient
has been tested for TNBC and/or determined to have TNBC.
[0041] In some embodiments, that certain level or a pre-
determined threshold value is at, below, or above 1, 2, 3, 4,
5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23, 24,25, 26,27, 28,29, 30, 31, 32, 33, 34, 35, 36, 37,
38,39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53,
54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69,
70,71, 72,73, 74,75,76,77,78, 79, 80, 81, 82, 83, 84, 85,
86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100
percentile, or any range derivable therein.

[0042] In certain embodiments, the predetermined thresh-
old value for expression identifies a patient as having
increased expression if the patient’s expression level for that
particular GR responsive gene is in the 25% percentile or
greater compared to a normalized sample. This means the
patient may be designated as having a level of expression
that is at or above 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51,
52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67,
68, 69,70, 71,72, 73,74, 75,76, 77,78, 79, 80, 81, 82, 83,
84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
100 percentile, or any range derivable therein. It is contem-
plated that in some cases, a patient may be designated as GR
antagonist responsive if the patient’s expression level for
exactly, at least or at most 1, 2,3, 4, 5,6,7,8,9, 10, 11, 12,
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13,14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44,
45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60,
61, 62, 63, 64, 65, 66, 67, 68, 69, 70,71, 72,73, 74,75, 76,
77,78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93,94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106,
107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118,
119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130,
131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 141, 142,
143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154,
155, 156, 157, 158, 159, 160, 161, 162, 163, 164, 165, 166,
167, 168, 169, 170, 171, 172, 173, 174, 175, 176, 177, 178,
179, 180, 181, 182, 183, 184, 185, 186, 187, 188, 189, 190,
191, 192, 193, 194, 195, 196, 197, 198, 199, 200, 201, 202,
203, 204, 205, 206, 207, 208, 209, 210, 211, 212, 213, 214,
215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 225, 226,
227,228, 229, 230, 231, 232, 233, 234, 235, 236, 237, 238,
2309, 240, 241, 242, 243, 244, 245, 246, 247, 248, 249, 250,
251, 252, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262,
263, 264, 265, 266, 267, 268, 269, 270, 271, 272, 273, 274,
275,276, 277, 278, 279, 280, 281, 282, 283, 284, 285, 286,
287, 288, 289, 290, 291, 292, 293, 294, 295, 296, 297, 298,
299, 300, 301, 302, 303, 304, 305, 306, 307, 308, 309, 310,
311, 312,313, 314, 315, 316, 317, 318, 319, 320, 321, 322,
323, 324,325,326, 327, 328, 329, 330, 331, 332, 333, 334,
335, 336, 337, 338, 339, 340, 341, 342, 343, 344, 345, 346,
347, 348, 349, 350, 351, 352, 353, 354, 355, 356, 357, 358,
359, 360, 361, 362, 363, 364, 365, 366, 367, 368, 369, 370,
371, 372,373,374, 375, 376,377, 378, 379, 380, 381, 382,
383, 384, 385, 386, 387, 388, 389, 390, 391, 392, 393, 394,
395, 396, 397, 398, 399, 400, 401, 402, 403, 404, 405, 406,
407, 408, 409, 410, 411, 412, 413, 414, 415, 416, 417, 418,
419, 420, 421, 422, 423, 424, 425, 426, 427, 428, 429, 430,
431, 432, 433, 434, 435, 436, 437, 438, 439, 440, 441, 442,
443, 444, 445, 446, 447, 448, 449, 450, 451, 452, 453, 454,
455, 456, 457, 458, 459, 460, 461, or 462 (or any range
derivable therein) GR antagonist responsive genes is at or
above 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,
40,41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55,
56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71,
72,73,74,75,76,77,78,79, 80, 81, 82, 83, 84, 85, 86, 87,
88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100 percentile,
or any range derivable therein. The higher the percentile, the
higher the relative expression level. A patient may be
considered GR-antagonist non-responsive if a certain num-
ber of genes do not have a level of expression that are within
or above the percentile of patients who are GR-antagonist
responsive. In certain cases, the score for a patient may be
calculated based on the patient’s expression profile and it
may be compared to other patients deemed GR-antagonist
responsive, GR-antagonist non-responsive, at risk for recur-
rence and/not at risk for recurrence.

[0043] In some embodiments, after the expression levels
of a panel of GR-responsive genes is measured, the results
may be evaluated to determine the likelihood a patient will
experience recurrence or be responsive to a cancer treat-
ment. The patient may be classified as having a percent
chance or being among a percentile of patients of having
recurrent cancer, not having recurrent cancer, being respon-
sive to a cancer treatment or not being responsive (or being
non-responsive) to a cancer treatment.

[0044] Methods may involve the use of a normalized
sample or control that is based on one or more breast cancer
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samples that are not from the patient being tested. In some
embodiments, a control level of expression may be used. A
control level of expression is determined based on average
levels of expression from a plurality of patients, such as
more than 10, 20, 30, 40, 50, 60, 70, 80, 90, 100 or more
patients (or any range derivable therein). For example, a
control level of expression can be the level of expression,
with or without standard deviation(s), that is a level of
expression for patients that are GR-antagonist responsive or
who are GR-antagonist nonresponsive (meaning the level of
expression of a particular gene identified herein does not
change more than a certain specified level when exposed to
a GR antagonist). A control level may be a threshold level.
In some embodiments, measured levels of expression are
compared to control levels. In some embodiments, one or
more control levels is the altered expression level from a
control that is a GR antagonist-reversible transcriptional
target. A “GR-inhibitor-reversible transcription target”
refers to a gene whose transcription level can be reversibly
and detectably altered in the presence of a GR inhibitor
compared to the absence of the GR inhibitor. In some
embodiments, the GR inhibitor is a GR antagonist or a GR
modulator as discussed in the Examples. In other embodi-
ments, one or more control levels is the unaltered or unaf-
fected expression level from a GR inhibitor-reversible tran-
scriptional target; the unaltered or unaffected expression
level is a level observed in a GR inhibitor-reversible tran-
scriptional target in a tumor cell or tissue that is non-
responsive to the GR inhibitor or is a “housekeeping gene”
that is not subject to changes in expression from a GR
inhibitor. Exemplary housekeeping genes include but are not
limited to ACTB, GAPDH, GUSB, RPLPO0, and TFRC. The
level(s) of expression of an appropriate housekeeping gene
or an “unaltered or unaffected” expression level means a
normalized level of expression that is within a standard
deviation for the type of measurement taken.

[0045] In some embodiments, the level of expression of a
GR responsive gene relative to housekeeping genes exceeds
a fixed ratio (e.g., 1.3 fold) to be considered induced or
increased. In other embodiments, the level of expression of
ameasured gene is at least 1.2, 1.3,1.4,1.5,1.6,1.7,1.8,1.9,
2.0,2.1,2.2,23,2.4,2.5,2.6,2.7,2.8,2.9,3.0,3.1,3.2,3.3,
34,3.53.6,3.7.3.8,3.9,4.0,4.1,4.2,43,4.4,4.5,4.6,4.7,
48,49,5.0,5.1,52,53,54,5.5,5.6,5.7,5.8,5.9,6.0,6.1,
6.2,6.3,64,6.5,6.6,6.7,68,6.9,7.0,7.1,7.2,73,7.4,7.5,
7.6,7.7,7.8,79,8.0,8.1,8.2,83,84,8.5,8.6,8.7,88,8.9,
9.0,9.1,9.2,9.3,94,9.5,9.6,9.7,9.8,9.9, 10.0, 10.5, 11.0,
11.5,12.0,12.5,13.0,13.5, 14.0, 14.5,15.0, 15.5, 16.0, 16.5,
17.0,17.5, 18.0, 18.5, 19.0, 19.5, 20.0, 1, 2, 3, 4, 5,6, 7, 8,
9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
41, 42,43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56,
57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72,
73,74,75,76,77, 78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88,
89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100-fold or more
(or any range derivable therein).

[0046] In certain embodiments, a level of expression of a
gene is increased compared to the control or a threshold
level of a control. In other embodiments, a level of expres-
sion of a gene is increased compared to the control or a
threshold level of a control. In certain embodiments, a level
of expression of a gene is decreased compared to the control
or a threshold level of a control. In other embodiments, a
level of expression of a gene is decreased compared to the
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control or a threshold level of a control. In further embodi-
ments, a level of expression of a gene is altered compared to
the control or a threshold level of a control. The increase,
decrease, or alteration may be about, at least about, at most
about a difference of 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 40, 45,
50,55, 60, 65,70, 75, 80, 85, 90, 95, 100, 105, 110, 115, 120,
125, 130, 135, 140, 145, 150, 155, 160, 165, 170, 175, 180,
185, 190, 195, 200, 205, 210, 215, 220, 225, 230, 235, 240,
245, 250, 255, 260, 265, 270, 275, 280, 285, 290, 295, 300,
305, 310, 315, 320, 325, 330, 335, 340, 345, 350, 355, 360,
365, 370, 375, 380, 385, 390, 395, 400, 410, 420, 425, 430,
440, 441, 450, 460, 470, 475, 480, 490, 500, 510, 520, 525,
530, 540, 550, 560, 570, 575, 580, 590, 600, 610, 620, 625,
630, 640, 650, 660, 670, 675, 680, 690, 700, 710, 720, 725,
730, 740, 750, 760, 770, 775, 780, 790, 800, 810, 820, 825,
830, 840, 850, 860, 870, 875, 880, 890, 900, 910, 920, 925,
930, 940, 950, 960, 970, 975, 980, 990, 1000 percent or fold
(or any range derivable therein). In certain embodiments, the
expression level is similar, which means the levels of
expression are within the error margins of each other.

[0047] In some embodiments, the level of expression of a
GR responsive gene relative to housekeeping genes is below
a fixed ratio (e.g., 0.67 fold) to be considered decreased or
repressed. In other embodiments, the level of expression of
a measured gene is below 0.7, 0.65, 0.60, 0.55, 0.50, 0.45,
0.4, 0.35,0.3, 0.25, 0.2, 0.15, 0.1-fold or less (or any range
derivable therein), for example, as compared to expression
in the absence of a GR antagonist.

[0048] In certain embodiments, the overall expression
score will be a function of GR-responsive gene expression
levels. In some embodiments, an expression level for each
gene measured is normalized to one or more housekeeping
genes. In further embodiments, a signature risk for recur-
rence would be calculated for the patient based on the results
of measuring expression levels from one or more genes in
any of Tables S2, S3, and/or S4. In some embodiments the
signature risk of an individual patient recurrence would be
the weighted sum of this expression. In certain embodi-
ments, this would be the risk recurrence score for the patient.

[0049] In some embodiments, there are methods compris-
ing (a) determining expression level of one or more GR-
responsive genes; ; (b) comparing the expression level(s)
from step (a) with a cut-oft value determined from a plurality
of corresponding expression level(s) from a plurality of
control samples; (c) determining a risk score and treating the
patient accordingly.

[0050] Embodiments may also include where the patient is
treated with more than one type of cancer therapy. Any
method may also include treating the patient for breast
cancer, which may include directly administering or provid-
ing a cancer therapy. In some embodiments, a practitioner or
doctor may prescribe a cancer therapy that the patient
administers to herself or himself.

[0051] To achieve these methods, a doctor, medical prac-
titioner, or their staff may retrieve a biological sample from
a patient for evaluation. The sample may be a biopsy, such
as a breast tissue or tumor biopsy. The sample may be
analyzed by the practitioner or their staff, or it may be sent
to an outside or independent laboratory. The medical prac-
titioner may be cognizant of whether the test is providing
information regarding the patient’s expression profile, or the
medical practitioner may be aware only that the test indi-
cates directly or indirectly that the test reflects that the
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patient can be treated with a GR antagonist (or GR inhibitor)
with or without other cancer therapy.

[0052] Embodiments also concern kits to determine the
expression level of one or more GR-antagonist responsive
genes such as any gene on Tables S2, S3 and/or S4.
[0053] Other embodiments include a computer readable
medium having software modules for performing a method
comprising the acts of: (a) comparing the expression levels
of GR antagonist responsive genes obtained from a patient’s
breast cancer sample with a reference or control; and (b)
providing an assessment of responsiveness of breast cancer
cells to GR antagonism to a physician for use in determining
an appropriate therapeutic regimen for a patient. In further
embodiments, the computer readable medium further com-
prises a software module for assessing triple negative status
of the patient’s breast cancer sample.

[0054] Computer systems are also included. In some
embodiments, they have a processor, memory, external data
storage, input/output mechanisms, a display, for assessing
expression levels of GR-antagonist responsive genes, com-
prising: (a) a database; (b) logic mechanisms in the com-
puter generating for the database a GR-responsive gene
expression reference; and (¢) a comparing mechanism in the
computer for comparing the GR-responsive gene expression
reference to expression data from a patient sample using a
comparison model to determine a GR gene expression
profile of the sample.

[0055] Other embodiments include an interne accessible
portal for providing biological information constructed and
arranged to execute a computer-implemented method for
providing: (a) a comparison of gene expression data of one
or more GR-responsive genes in a patient sample with a
calculated reporter index; and (b) providing an assessment
of GR activity or expression to a physician for use in
determining an appropriate therapeutic regime for a patient.
[0056] In addition to compiling, collecting and or process-
ing data related to GR status, methods, media and systems
may also include the same embodiments with respect to data
related to ER status or triple negative status more generally.
Such aspects may be instead of or in addition to the aspects
related to GR status or data.

[0057] Embodiments also include methods of killing
breast cancer cells comprising administering to a breast
cancer patient an effective amount of a combination of
anti-cancer compounds, wherein the anticancer compounds
comprise a glucocorticoid receptor antagonist (or GR inhibi-
tor) and a chemotherapeutic.

[0058] In other embodiments, there are methods for treat-
ing breast cancer in a patient comprising administering to
the patient an effective amount of glucocorticoid receptor
antagonist (or GR inhibitor) and a chemotherapeutic.
[0059] In further embodiments, methods are provided for
treating chemotherapy-insensitive breast cancer cells com-
prising administering to a breast cancer patient an effective
amount of a glucocorticoid receptor antagonist (or GR
inhibitor) followed by chemotherapy.

[0060] Other methods include methods for treating breast
cancer in a patient comprising: a) administering radiation or
at least a first chemotherapeutic to the patient; b) subse-
quently administering an effective amount of a glucocorti-
coid receptor antagonist (or GR inhibitor) to the patient; and,
¢) administering radiation again or at least a second chemo-
therapeutic to the patient after the glucocorticoid receptor
antagonist (or GR inhibitor) is administered to the patient.
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[0061] In some embodiments, there are methods for treat-
ing breast cancer in a patient comprising: a) administering
an effective amount of a glucocorticoid receptor antagonist
or GR inhibitor to the patient, wherein the patient expresses
altered levels of GR-responsive genes as compared to prior
to administration of the GR antagonist or GR inhibitor; b)
then administering an effective amount of radiation or at
least one chemotherapeutic.

[0062] Itis contemplated that in methods described herein,
breast cancer cells may undergo apoptosis following treat-
ment set forth herein. Moreover, in some embodiments, the
combination of a glucocorticoid receptor antagonist (or GR
inhibitor) and an anticancer agent or compound induces
more apoptosis than treatment with just the anticancer
treatment alone. In other methods, it is specifically contem-
plated to exclude treatment with a synthetic glucocorticoid,
such as dexamethasone.

[0063] In some embodiments, a patient had been previ-
ously treated with an anti-cancer therapy, such as radiation,
hormone(s), chemotherapy, or immunotherapy (or a combi-
nation or multiple therapies thereof). In certain embodi-
ments, a first anti-cancer therapy prior to therapy with
glucocorticoid receptor antagonist (or GR inhibitor) was last
administered more than two weeks prior to the glucocorti-
coid receptor antagonist (or GR inhibitor) or its combination
with a second anti-cancer therapy. In certain embodiments,
this first anti-cancer therapy that does not include a gluco-
corticoid receptor antagonist (or GR inhibitor) was last
administered to the breast cancer patient at least 7, 8, 9, 10,
11, 12, 13, 14 days, and/or 1, 2, 3, 4, or 5 weeks, and/or 1,
2,3,4,5,6,7,8,9, 10, 11, or 12 months prior to treatment
with a glucocorticoid receptor antagonist (or GR inhibitor).
Treatment methods may be applied to breast cancer or breast
cancer cells that are chemo-resistant or breast cancer cells
that are not chemo-sensitive. Moreover, treatment may be
applied to breast cancer or to breast cancer cells that were
previously administered a first apoptosis inducing agent, but
were resistant to apoptosis.

[0064] In some embodiments, the breast cancer cells are
determined to be resistant to apoptosis. In additional
embodiments, the breast cancer or the breast cancer cells are
determined not to be chemo-sensitive or are determined to
be chemo-resistant. This determination may be based on the
results of a genetic test or based on information obtained
from an assessment of a tumor or the breast cancer after
treatment with a first anti-cancer therapy. In specific embodi-
ments, the first anti-cancer therapy is a chemotherapeutic,
Herceptin®, radiation, a combination of chemotherapeutics,
or a combination of one or more chemotherapeutic agents
and Herceptin®. In certain embodiments, the patient has
been administered or continues to be administered tamox-
ifen as part of treatment, which may be before, after, or
during treatment with a GR antagonist or GR inhibitor.
[0065] In additional embodiments, the breast cancer cells
express a detectable level of glucocorticoid receptor or its
transcript. In some embodiments, the patient is determined
to have breast cancer cells that express a detectable level of
glucocorticoid receptor or its transcript. This may be deter-
mined directly or indirectly.

[0066] Methods involve treating breast cancer, particu-
larly a chemo-resistant breast cancer, with a combination of
therapies that includes a glucocorticoid receptor antagonist
and an anticancer therapy that induces apoptosis (together
they may be referred to as a combination of anti-cancer
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agents or compounds), such as a chemotherapeutic. In some
embodiments, the chemotherapeutic is capecitabine, carbo-
platin, cyclophosphamide (Cytoxan), daunorubicin, doc-
etaxel (Taxotere), doxorubicin (Adriamycin), epirubicin (El-
lence), fluorouracil (also called 5-fluorouracil or 5-FU),
gemcitabine, eribulin, ixabepilone, methotrexate, mitomy-
cin C, mitoxantrone, paclitaxel (Taxol), thiotepa, vincristine,
or vinorelbin, or a combination of these agents. In other
embodiments, therapy with a glucocorticoid receptor
antagonist is combined Herceptin®, radiation, chemothera-
peutic(s) and radiation, a combination of chemotherapeutics,
or a combination of one or more chemotherapeutic agents
and Herceptin®. In additional embodiments, treatment may
involve a biological therapy. Biological therapy could be an
immune pathway modulator either alone or in combination
with LAG3 inhibitor, DO inhibitor, CD137 inhibitor, CD40
inhibitor, CSF1R inhibitor, NOTCH inhibitor, gamma secre-
tase inhibitor, STAT3 inhibitor, and/or adenosine receptor
inhibitor.

[0067] It is contemplated that in some embodiments of the
combination therapy the glucocorticoid receptor antagonist
(or GR inhibitor) is administered within 5, 10, 30, 45, 60
minutes, and/or 1, 2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24 hours, and/or 1, 2, 3, 4, 5,
6, 7 days, or any combination thereof within administration
of at least one or the combination of the anti-cancer agents
or compounds. In specific embodiments, the glucocorticoid
receptor antagonist (or GR inhibitor) is administered within
2 hours, 12 hours or 24 hours of administration of an
anticancer agent or compound (or a combination of such
agents or compounds).

[0068] It is specifically contemplated that treatment may
continue or be repeated. In some embodiments, once treated
with the combination of a glucocorticoid receptor antagonist
(or GR inhibitor) and at least one anticancer agent or
compound, all or part of the treatment may be repeated alone
or in combination with a different anticancer agent or
compound.

[0069] In certain embodiments, the glucocorticoid recep-
tor antagonist or GR inhibitor is administered prior to as the
other agent or therapy included in the combination therapy.
In certain embodiments, the glucocorticoid receptor antago-
nist or GR inhibitor is administered 5, 10, 30, 45, 60
minutes, and/or 1, 2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24 hours, and/or 1, 2, 3, 4, 5,
6, 7 days, or any combination thereof prior to administration
of at least one or the combination of the anti-cancer agents
or compounds. It is specifically contemplated that in some
embodiments, the glucocorticoid receptor antagonist or GR
inhibitor is given prior to administration of the anticancer
agent or compound but that the glucocorticoid receptor
antagonist or inhibitor is also given concurrently with or
after administration of the initial or a subsequent dose of the
anticancer agent or compound. As discussed throughout, the
anticancer agent or compound may be in a combination of
such agents or compounds. In certain embodiments, the
glucocorticoid receptor antagonist or inhibitor is adminis-
tered up to three days prior to administering the anticancer
agent or compound.

[0070] Additionally or alternatively, the glucocorticoid
receptor antagonist or inhibitor is administered after admin-
istration of the other agent or therapy included in the
combination therapy. In certain embodiments, the glucocor-
ticoid receptor antagonist or inhibitor is administered 5, 10,
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30, 45, 60 minutes, and/or 1, 2,3,4,5,6,7,8,9, 10,11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24 hours, and/or
1, 2, 3,4, 5, 6, 7 days, or any combination thereof after
administration of at least one or the combination of the
anti-cancer agents or compounds. It is specifically contem-
plated that in some embodiments, the glucocorticoid recep-
tor antagonist or inhibitor is given after to administration of
the anticancer agent or compound; such administration may
be repeated. As discussed throughout, the anticancer agent
or compound may be in a combination of such agents or
compounds. In certain embodiments, the glucocorticoid
receptor antagonist or inhibitor is administered up to three
days after administering the anticancer agent or compound.
[0071] In certain embodiments, the glucocorticoid recep-
tor antagonist (or GR inhibitor) or anticancer agent or
compound are administered after the patient has been tested
for GR-antagonist responsiveness.

[0072] In certain embodiments, the breast cancer is an
unresectable breast cancer. In further embodiments, the
breast cancer is inflammatory breast cancer.

[0073] It is specifically contemplated that in some meth-
ods, dexamethasone has not been administered to the patient
within 24 hours of administration of the glucocorticoid
receptor antagonist.

[0074] Compositions are contemplated to include a glu-
cocorticoid receptor antagonist (or GR inhibitor) and any
other anticancer compound discussed herein, such a Her-
ceptin or one or more chemotherapeutic compounds. In
some embodiments, the composition is in a pharmaceuti-
cally acceptable formulation.

[0075] Use of the one or more compositions may be
employed based on methods described herein. Other
embodiments are discussed throughout this application. Any
embodiment discussed with respect to one aspect of the
invention applies to other aspects of the invention as well
and vice versa. The embodiments in the Example section are
understood to be embodiments that are applicable to all
aspects of the technology described herein.

[0076] “Cancer prognosis” generally refers to a forecast or
prediction of the probable course or outcome of the cancer.
As used herein, cancer prognosis includes the forecast or
prediction of any one or more of the following: duration of
survival of a patient susceptible to or diagnosed with a
cancer, duration of recurrence-free survival, duration of
progression free survival of a patient susceptible to or
diagnosed with a cancer, response rate in a group of patients
susceptible to or diagnosed with a cancer, and/or duration of
response in a patient or a group of patients susceptible to or
diagnosed with a cancer.

[0077] In certain aspects, prognosis is an estimation of the
likelihood of metastasis free survival of said patient over a
predetermined period of time, e.g., over a period of 5 years.
[0078] In further aspects, prognosis is an estimation of the
likelihood of death due to disease of said patient over a
predetermined period of time, e.g., over a period of 5 years.
[0079] The term “recurrence” refers to the detection of
breast cancer in form of metastatic spread of tumor cells,
local recurrence, contralateral recurrence or recurrence of
breast cancer at any site of the body of the patient after breast
cancer had been substantially undetectable or responsive to
treatments.

[0080] As used herein, “prognostic for cancer” means
providing a forecast or prediction of the probable course or
outcome of the cancer. In some embodiments, “prognostic
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for cancer” comprises providing the forecast or prediction of
(prognostic for) any one or more of the following: duration
of survival of a patient susceptible to or diagnosed with a
cancer, duration of recurrence-free survival, duration of
progression free survival of a patient susceptible to or
diagnosed with a cancer, response rate in a group of patients
susceptible to or diagnosed with a cancer, and/or duration of
response in a patient or a group of patients susceptible to or
diagnosed with a cancer.

[0081] By “gene” is meant any polynucleotide sequence or
portion thereof with a functional role in encoding or tran-
scribing a protein or regulating other gene expression. The
gene may consist of all the nucleic acids responsible for
encoding a functional protein or only a portion of the nucleic
acids responsible for encoding or expressing a protein. The
polynucleotide sequence may contain a genetic abnormality
within exons, introns, initiation or termination regions,
promoter sequences, other regulatory sequences or unique
adjacent regions to the gene.

[0082] As used herein, “treatment” or “therapy” is an
approach for obtaining beneficial or desired clinical results.
This includes: reduce the number of cancer cells; reduce the
tumor size; inhibit (i.e., slow to some extent and/or stop)
cancer cell infiltration into peripheral organs; inhibit (i.e.,
slow to some extent and/or stop) tumor metastasis; inhibit,
to some extent, tumor growth; and/or relieve to some extent
one or more of the symptoms associated with the disorder,
shrinking the size of the tumor, decreasing symptoms result-
ing from the disease, increasing the quality of life of those
suffering from the disease, decreasing the dose of other
medications required to treat the disease, delaying the pro-
gression of the disease, and/or prolonging survival of
patients.

[0083] The term “therapeutically effective amount™ refers
to an amount of the drug that may reduce the number of
cancer cells; reduce the tumor size; inhibit (i.e., slow to
some extent and preferably stop) cancer cell infiltration into
peripheral organs; inhibit (i.e., slow to some extent and
preferably stop) tumor metastasis; inhibit, to some extent,
tumor growth; and/or relieve to some extent one or more of
the symptoms associated with the disorder. To the extent the
drug may prevent growth and/or kill existing cancer cells, it
may be cytostatic and/or cytotoxic. For cancer therapy,
efficacy in vivo can, for example, be measured by assessing
the duration of survival, time to disease progression (TTP),
the response rates (RR), duration of response, and/or quality
of life.

[0084] The terms “overexpress”, “overexpression”, “over-
expressed”, “up-regulate”, or “up-regulated” interchange-
ably refer to a biomarker that is transcribed or translated at
a detectably greater level, usually in a cancer cell, in
comparison to a non-cancer cell or cancer cell that is not
associated with the worst or poorest prognosis. The term
includes overexpression due to transcription, post transcrip-
tional processing, translation, post-translational processing,
cellular localization, and/or RNA and protein stability, as
compared to a non-cancer cell or cancer cell that is not
associated with the worst or poorest prognosis. Overexpres-
sion can be detected using conventional techniques for
detecting mRNA (i.e., RT-PCR, PCR, hybridization) or
proteins (i.e., ELISA, immunohistochemical techniques,
mass spectroscopy). Overexpression can be 10%, 20%,
30%, 40%, 50%, 60%, 70%, 80%, 90% or more in com-
parison to a normal cell or cancer cell that is not associated
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with the worst or poorest prognosis. In certain instances,
overexpression is 1-fold, 2-fold, 3-fold, 4-fold 5, 6, 7, 8, 9,
10, or 15-fold or more higher levels of transcription or
translation in comparison to a non-cancer cell or cancer cell
that is not associated with the worst or poorest prognosis.
[0085] “Biological sample” includes sections of tissues
such as biopsy and autopsy samples, and frozen sections
taken for histologic purposes. Such samples include breast
cancer tissues, cultured cells, e.g., primary cultures,
explants, and transformed cells. A biological sample is
typically obtained from a mammal, such as a primate, e.g.,
human.

[0086] A “biopsy” refers to the process of removing a
tissue sample for diagnostic or prognostic evaluation, and to
the tissue specimen itself. Any biopsy technique known in
the art can be applied to the diagnostic and prognostic
methods of the present invention. The biopsy technique
applied will depend on the tissue type to be evaluated (e.g.,
breast), the size and type of the tumor, among other factors.
Representative biopsy techniques include, but are not lim-
ited to, excisional biopsy, incisional biopsy, needle biopsy,
and surgical biopsy. An “excisional biopsy” refers to the
removal of an entire tumor mass with a small margin of
normal tissue surrounding it. An “incisional biopsy” refers
to the removal of a wedge of tissue that includes a cross-
sectional diameter of the tumor. A diagnosis or prognosis
made by endoscopy or fluoroscopy can require a “core-
needle biopsy”, or a “fine-needle aspiration biopsy” which
generally obtains a suspension of cells from within a target
tissue. Biopsy techniques are discussed, for example, in
Harrison’s Principles of Internal Medicine, 2005. Obtaining
a biopsy includes both direct and indirect methods, includ-
ing obtaining the biopsy from the patient or obtaining the
biopsy sample after it is removed from the patient.

[0087] The use of the word “a” or “an” when used in
conjunction with the term “comprising” in the claims and/or
the specification may mean “one,” but it is also consistent
with the meaning of “one or more,” “at least one,” and “one
or more than one.”

[0088] Throughout this application, the term “about” is
used to indicate that a value includes the standard deviation
of error for the device or method being employed to deter-
mine the value.

[0089] The use of the term “or” in the claims is used to
mean “and/or” unless explicitly indicated to refer to alter-
natives only or the alternatives are mutually exclusive,
although the disclosure supports a definition that refers to
only alternatives and “and/or.” It is also contemplated that
anything listed using the term “or” may also be specifically
excluded.

[0090] As used in this specification and claim(s), the
words “comprising” (and any form of comprising, such as
“comprise” and “comprises”), “having” (and any form of
having, such as “have” and “has”), “including” (and any
form of including, such as “includes” and “include”) or
“containing” (and any form of containing, such as “con-
tains” and “contain”) are inclusive or open-ended and do not
exclude additional, unrecited elements or method steps.
[0091] Other objects, features and advantages of the pres-
ent invention will become apparent from the following
detailed description. It should be understood, however, that
the detailed description and the specific examples, while
indicating specific embodiments of the invention, are given
by way of illustration only, since various changes and
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modifications within the spirit and scope of the invention
will become apparent to those skilled in the art from this
detailed description.

DESCRIPTION OF THE DRAWINGS

[0092] The following drawings form part of the present
specification and are included to further demonstrate certain
aspects of the present invention. The invention may be better
understood by reference to one or more of these drawings in
combination with the detailed description of specific
embodiments presented herein.

[0093] FIGS. 1A-D. High NR3C1 (GR) expression is
associated with worse outcome in TNBC subtypes. Kaplan-
Meier estimates of relapse-free survival in patients in the top
quartile (versus all others) of tumor NR3C1 expression
(125). NR3C1 expression association with RFS was ana-
lyzed in TNBCs classified (4) as (A) basal-like 1, (B)
basal-like 2, (C) mesenchymal, (D) luminal AR.

[0094] FIGS. 2A-B. GR activation inhibits chemotherapy-
induced cytotoxicity of cultured TNBC cells and selective
GR antagonism increases sensitivity to chemotherapy in
vivo. (A) MDA-MB-231 and SUM-159-PT cells were
treated with paclitaxel alone (Pac, 10 nM), with Vehicle,
Dex (100nM), Dex/Pac, or C297(1 uM)/Dex/Pac. C297
restored cytotoxic sensitivity at 96 hours (MDA-MB-231)
and at 72 hours (SUM-159-PT) following Pac. The bars
represent the average percentage cell death of n=3 indepen-
dent experiments and error bars represent standard error of
the mean (S.E.M). *=p value<05 and **=p<0.01 (two-
sample Student’s t-test) when compared to Dex/Pac. (B)
MDA-MB-231 tumor xenograft re-growth is significantly
inhibited by C297 (20 mg/kg/day) pre-treatment one hour
prior to pac (10 mg/kg/day) compared to pac alone. Arrows
refer to administration of pac/Veh +/-C297/Veh. Pac-treated
tumor re-growth was significantly smaller than vehicle,
p<0.05, while C297/paclitaxel versus paclitaxel alone
delayed post-treatment tumor re-growth significantly. The
dotted line represents a 6x increase in re-growth of tumor
volume; time to tumor re-growth to this size was 18d (Veh),
27d (Pac), and 40d (Pac/C297). The asterisk (*) represents
p<0.05, comparing C297/Pac to Pac alone. Both C/297 vs
Pac and Pac alone vs Veh were significantly different based
on a repeated measures ANOVA and the Holm-Sidak post-
hoc significance test (Veh/Veh n=3, Veh/Pac n=6 and C297/
Pac n=9).

[0095] FIGS. 3A-C. Differentially expressed GR target
genes following GR antagonism. Genome-wide gene
expression profiling was performed on MDA-MB-231 cells
treated with GC (Dex) or GC/antagonist. (A) Total number
of'up- and downregulated genes by Dex or Dex/GR inhibitor
treatment (relative to vehicle); (B) Subset of Dex-regulated
genes (=1.3-fold Dex vs. vehicle) reversed by C297 and/or
Mif at 4, 8, and 12 h by =225 percent change. (C) GR
antagonist-identified genes ((B), n=3,066) overlapped with
genes (n=5,170) that were differentially expressed between
GR-high versus GR-low primary tumors (56). N=462 genes
were overlapped.

[0096] FIGS. 4A-C. GR chromatin association is altered
by concomitant treatment with a GR antagonist. (A)
Genome-wide GR peaks and associated genes annotated to
TSSs +/-100 kB of these peaks; (B) GR chromatin asso-
ciation with transcription factor response elements (REs)
following Dex and GR antagonist treatment reveals signifi-
cant changes in GR enrichment at GREs, AP1 and ELK REs
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compared with Dex alone (CentriMO); C) GR chromatin
association in proximal promoter regions (0-3 kb from the
TSS) is diminished following Dex/Mif or Dex/C297 treat-
ment while more distal GR peak association is proportion-
ally increased.

[0097] FIG. 5. Identification schema for the GR activity
signature (GRsig). Genes that were Dex-regulated and
inhibited at least 25% by Mif and C297 were identified in
MDA-MB-231 cells (n=3,066). Next, the subset of genes
also differentially expressed in the same direction in GR-
high versus GR-low ER-negative BCs was identified
(n=462). GR ChIP-seq determined putative GR direct target
genes as having GR associated within 100kb of the gene
TSS (n=232). A GR “activity signature” (GRsig) was iden-
tified based on their univariate association with RFS
(HR=1.5 or HR=<0.67; and p=le-5) in the Discovery cohort
of early-stage ER-negative BC patients with adjuvant che-
motherapy. The 74-gene GRsig was applied to the Discovery
and an independent Validation cohorts of early-stage
patients treated with adjuvant chemotherapy.

[0098] FIGS. 6A-D. Patients with above-median expres-
sion of the 74-gene GR activity signature (GRsig) have
significantly decreased relapse-free survival. Genes in the
GRsig were selected from among the n=462 tumor-relevant
and antagonist-reversed Dex-regulated genes based on their
univariate association with RFS in the Discovery cohort
(HR=1.5 or HR=0.67; and p<le-5). (A) Summary of GRsig
genes (top line) and their Dex-mediated up- and downregu-
lation, and the subset of GRsig genes that are putative direct
GR target genes (middle line) with loss of GR peak with
Dex/antagonist treatment (bottom line). (B) List of indi-
vidual GRsig genes, separated by their Dex-mediated up- or
down-regulation with bolded gene names indicating putative
direct GR target genes. (C, D) Kaplan-Meier estimates
showing that the above-median GRsig expression (versus all
others) is associated with RFS in both the Discovery and
Validation cohorts.

[0099] FIGS. 7A-B. Ligand displacement GC from the GR
LBD. Fluorescent dexamethasone (F-Dex) was bound to
recombinantly expressed GR LBD and GR ligands Dex,
Mif, Cortisol, C335, C297, CpdA, and negative control
DHT were titrated in at increasing concentrations. (A)
Fluorescence polarization was measured, and the data were
fitted to determine (B) Ligand concentrations of half-maxi-
mal FP signal. Triplicate FP measurements were scaled to
percent maximal FP and averaged for each ligand concen-
tration. Dose response curves were estimated using Graph-
Pad Prism using the log(inhibitor) vs. normalized response
curve equation. We were able to fit data for ligands (Dex,
Mif, cortisol, C335, C297) but not for CpdA and negative
control DHT, suggesting that CpdA does not bind the GR
LBD. Error bars are standard error of the mean.

[0100] FIGS. 8A-B. Monotherapy is not cytotoxic in vitro
and in vivo. The selective GR antagonist C297 was chosen
to test increased TNBC cell sensitivity to paclitaxel, and
monotherapy of C297 was determined to be not cytotoxic
(A) in vitro using the SRB assay and (B) in vivo TNBC
tumor-bearing mice. In vitro assay plotted bars represent the
average percentage cell death of n=3 independent experi-
ments and error bars represent the standard error of the mean
(S.E.M). *=p value<0.05 and **=p<0.01 (two-sample Stu-
dent’s t-test) when compared to Veh. In vivo change from
initial tumor volume is shown, with significance reported
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from a repeated-measures ANOVA the Holm-Sidak post-hoc
significance test (n=2 C297/Veh, versus vehicle control
n=3).

[0101] FIGS. 9A-C. Mif and C297 antagonize Dex-regu-
lated gene expression in MDA-MB-231 cells. (A) Venn
diagrams of unique and overlapped significantly up- and
downregulated genes in Dex (red), Dex/Mif (blue), and
Dex/C297 (green) at any timepoint (+/-1.3 fold-change
versus vehicle). Venn diagrams were generated using the
BioVenn application. (B) Principal components analysis
(PCA) of significantly expressed (+/-1.3 fold-change versus
vehicle) expression signatures of Dex (red), Dex/Mif (blue),
and Dex/C297(green) at 4, 8, and 12 h using Q-mode
singular value decomposition PCA function in R. (C) A
heatmap demonstrating relative gene expression (compared
to vehicle) of probes for the n=3,066 genes that are signifi-
cantly expressed in the Dex treatment (at any timepoint) and
are commonly antagonized by at C297 and Mif by at least
25%. Row (probes) and column (treatment) clustering was
performed using the one-minus Pearson correlation with
complete linkage in the Morpheus program (Broad Insti-
tute).

[0102] FIGS. 10A-B. Dex-induced genome-wide GR peak
locations (ChIP-seq) are altered by the addition of Mif or
C297. A) Relative loss of n=8,448 genome-wide Dex-GR
peaks in the Dex/Mif and Dex/C297 treatments. Heatmaps,
generated using SeqPlot, of the genome-wide Dex-GR
peaks, centered on the peak with +/-1 kb flanking regions.
When comparing vehicle-subtracted Dex/Mif or Dex/297
peaks with Dex peaks, numbers of overlapping regions (by
at least 1 bp) are shown below the Dex/Mif and Dex/297
heatmaps. B) Genome-wide GR peak locations in Dex,
Dex/Mif, and Dex/297 treatments were examined using
ChIPseeker near the GR peak-associated TSS. Enrichment
of Dex-GR was observed within nearest to the TSS (within
+/=3 kb), while loss of GR enrichment in this region was
observed in Dex/Mif and Dex/297 treatments.

[0103] FIGS. 11A-D. GR antagonists inhibit Dex-induc-
tion of GR target genes, whereas the transient knockdown
two target genes (MCL1 and NNMT) restores paclitaxel
cytotoxicity in the presence of Dex. GR target gene steady-
state mRNA levels in the presence of 100nM Dex, Dex/Mif,
or Dex/C297 in A) MDA-MB-231 and B) SUM159PT cells.
Graphs are one replicate, representative of n=3. Average
fold-change of transcript expression over vehicle is shown
with an asterisk (*) representing p<0.05, Student’s t-test
with Welch’s correction; C) Cytotoxicity of paclitaxel (x
nM), tested via the SRB assay, was measured in siControl,
siNNMT, or siMCL1 pool-transfected MDA-MB-231 cells,
bars are average cytotoxic index of n=3 experiments, aster-
isks(*) represent p<0.05, Student’s t-test; D) Efficiency of
knock-down was tested using Q-RT-PCR for the respective
gene (n=2).

[0104] FIGS. 12A-B. Association of NR3C1 expression
with RFS in the Validation Cohort. Kaplan-Meier estimates
of RFS in the Validation Cohort among patients with (A)
above-median (versus all others) and (B) top-quartile (ver-
sus all others) of NR3C1 expression.

[0105] FIG. 13. GR antagonists diminish cell survival and
invasive functions while promoting apoptosis.

[0106] FIG. 14: Supplementary Table S1
[0107] FIG. 15: Supplementary Table S2
[0108] FIG. 16. Supplementary Table S3
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DETAILED DESCRIPTION OF THE
INVENTION

[0109] Embodiments are based on several GR activity
signatures using GR-mediated gene networks and then iden-
tified genes whose expression changes were reversed by GR
antagonism. GR transcriptional activity was antagonized
with the steroidal GR/PR antagonist mifepristone (Mif) or
the highly-selective non-steroidal GR  modulator
CORT108297 (C297) (62). Studies were performed using
GR antagonists in the context of glucocorticoid (GC)-
activated GR to mimic cortisol-activated GR in patient
tumors. This experimental design allowed identification of
antagonist-sensitive GC-mediated GR pathways for both
mechanistic insight and identification of at least one GR
activity signature (GRsig) for improved patient stratifica-
tion.

[0110] GR is a widely active transcription factor with
different tissue-specific activities, and in the context of
TNBC, GR is likely to regulate many genes that contribute
to recurrence. A panel of GR target genes can be a better
indicator of GR activity in TNBC than GR expression alone.
The analyses of antagonist-modulated GR gene expression
in TNBC cells was combined with gene expression data
from primary ER-negative BCs to identify the GRsig of
n=74 genes associated with poor prognosis after adjuvant
chemotherapy. The GRsig was validated in an independent
dataset. The GRsig and/or other panel signatures identified
herein can be used to identify individual early-stage TNBC
patients with a relatively increased risk of relapse. More-
over, adding GR antagonism to adjuvant chemotherapy
could reduce GR activity, increase chemotherapy efficacy,
and improve clinical outcome in poor-prognosis ER-nega-
tive BC patients.

1. Glucacorticoid Receptors and Other Hormone Receptors

[0111] Intracellular receptors (IRs) form a class of struc-
turally-related genetic regulators scientists have named
“ligand dependent transcription factors” (R. M. Evans, Sci-
ence, 240:889, 1988). Steroid receptors are a recognized
subset of the IRs, including androgen receptor (AR), pro-
gesterone receptor (PR), estrogen receptor (ER), glucocor-
ticoid receptor (GR), and mineralocorticoid receptor (MR).
[0112] Glucocorticoid receptor (GR) is a corticosteroid
receptor with both transcription factor and chromatin remod-
eling functions (17-23). The role of GR in endocrine physi-
ology and metabolism is cell-type specific (24), and its role
in cell survival appears to be cancer subtype specific as well.
For example, GR activation is pro-apoptotic in lymphoid
(25, 26) and bladder (27) malignancies, whereas GR acti-
vation is anti-apoptotic and is associated with relapse in
other cancers (28-39), including ER-negative BC (40-48).
Interestingly, in ER-positive BC, GR/ER crosstalk appears
to account for an improved patient outcome (49-54), high-
lighting GR’s context-dependent function. Our laboratory
and others have reported that higher tumor GR transcript
(52) and protein (55) expression in early-stage ER-negative
tumors is associated with shorter relapse-free survival
(RFS). In a retrospective meta-analysis of tumor gene
expression from n=354 ER-negative early-stage BC
patients, high GR transcript expression (NR3C1, top
quartile) was associated with poor long-term RFS regardless
of whether patients received adjuvant chemotherapy (52).
Furthermore, GR antagonism has been demonstrated to
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sensitize cells to chemotherapy-induced cytotoxicity in
ovarian (32, 36, 38), prostate (34, 35, 39, 56), and TNBC
(43, 44). A Phase I clinical trial of mifepristone (300mg/day)
administered to BC patients before weekly nab-paclitaxel
treatment has established the safety and tolerability of this
combination (57). Together, these data suggest that GR
transcriptional activity plays a role in BC aggressiveness and
chemoresistance, and that GR antagonism is a potential
therapeutic strategy.

[0113] While GR/NR3C1 cellular expression levels are
predicted to correlate with GR activity (as has been shown
for ER (100)), many factors contribute to an individual
tumor’s GR activity level. The relative expression of nuclear
receptor coregulators and cooperating transcription factors
influence cell-type specific nuclear receptor activity (101-
105). Other modifiers of GR activity include post-transla-
tional GR modification (106, 107) and the allosteric effect of
chromatin landscape (108-110). These variables result in
highly specific networks of GR target genes depending upon
cellular context. For example, it was previously reported that
GR activation in ER+BC increases the expression of pro-
differentiating genes (57). However, as expected in this
study of ER-negative BC, these pro-differentiating genes are
not among the n=462 tumor-derived and GC-regulated
genes shown in FIG. 3C. The ER-negative GRsig derived
here likely reflects gene expression specifically observed in
early-stage ER-negative BCs.

[0114] Estrogen, mediated through the estrogen receptor
(ER), plays a major role in regulating the growth and
differentiation of normal breast epithelium (Pike et al. Epi-
demiologic Reviews (1993) 15(1):17-35; Henderson et al.
Cancer Res. (1988) 48:246-253). It stimulates cell prolif-
eration and regulates the expression of other genes, includ-
ing the progesterone receptor (PgR). PgR then mediates the
mitogenic effect of progesterone, further stimulating prolif-
eration (Pike et al., 1993; Henderson et al., 1988). The
molecular differences between estrogen receptor (“ER”)
negative and ER positive tumors are significant in light of
clinical observations which indicate that the nature and
biological behavior of ER positive and ER negative tumors
are distinct even in the absence of hormonal therapy. For
example, ER negative cancers tend to recur sooner and show
a different rate of recurrence in distant organ sites compared
to ER positive tumors. Clinical observations and molecular
profiling data suggest that tumors not expressing both ER
and PgR represent a different clinical entity in terms of
chemotherapy responsiveness. (Colleoni et al., Annals of
Oncology 11(8):1057 (2000)). Thus, ER negative and ER
positive breast cancers are two distinct disease entities rather
than phenotypic variations of the same disease.

[0115] Relatively increased expression of these genes in
primary ER-negative human breast tumors is associated with
high GR expression and with an earlier relapse in ER-
negative breast cancer patients (described herein). Activa-
tion of the glucocorticoid receptor (GR) in epithelial cells
has been shown to initiate an anti-apoptotic (i.e., cell sur-
vival) signaling pathway that prevents breast (Wu et al,
2004) and ovarian cancer (Melhem et al, 2009) cell death in
vitro and in vivo (Pang et al, 2006). Blocking or antagoniz-
ing GR activation with a GR antagonist such as mifepristone
reverses cell survival signaling pathways initiated by the GR
(Moran et al., 2000). Other GR antagonists (e.g., dexam-
ethasone oxetanone) also reverse GR-mediated cell survival
and potentiate apoptosis in response to cell stressors such as
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growth factor withdrawal (Mikosz et al, 2001). The mecha-
nism(s) whereby GR activation protects from cell death
includes the transcriptional upregulation of genes encoding
anti-apoptotic proteins such as SGK1, MKP1, MCL1, and
BIRC3. However, experiments with a glucocorticoid recep-
tor antagonist, RU486, in conjunction with dexamethasone
did not increase the number of apoptotic cells induced by
paclitaxel, compared to paclitaxel alone (Wu et al., 2004).

II. GR Antagonists and Inhibitors

[0116] The genes identified as GR-responsive were evalu-
ated in the context of one or more GR antagonists. More-
over, embodiments concern treatment with one or more GR
antagonists for cancer. A number of GR antagonists have
been identified. GR antagonists include, but are not limited
to, beclometasone, betamethasone, budesonide, ciclesonide,
flunisolide, fluticasone, mifepristone, mometasone, and tri-
amcinolone.

[0117] A recently completed Phase-I clinical trial of Mif
given before administration of nab-paclitaxel to decrease
anti-apoptotic tumor cell gene expression found that com-
bining GR antagonism with chemotherapy appears to be safe
and tolerable (61). A Phase-I clinical trial of the highly-
selective GR antagonist CORT125134 [an azadecalin struc-
turally related to C297(115)] in combination with nab-
paclitaxel in solid tumors 1is currently underway
(NCTO02762981). Also, a Phase-II randomized clinical trial
of Mif (versus placebo) with nab-paclitaxel in patients with
advanced-stage TNBC has been recently activated
(NCTO02788981). While there is some concern that a potent
GR antagonist might increase chemotherapy-induced side
effects (because Dex is used to reduce chemotherapy-asso-
ciated nausea), thus far, the Phase-I studies only suggest a
potential for increased cytopenias (61). This will be further
investigated in the upcoming randomized Phase-II trial of
nab-paclitaxel +/-Mif.

III. Biomarkers and Evaluating Levels of Biomarkers

[0118] Biomarkers for identifying effective treatment for
human breast cancer patients are provided. It is contem-
plated that these biomarkers may be evaluated based on their
gene products. In some embodiments, the gene product is
the RNA transcript. In other embodiments, the gene product
is the protein expressed by the RNA transcript. In still
another embodiment is the evaluation of surrogate genes or
gene targets of ER, GR, or ER and GR.

[0119] In certain aspects a meta-analysis of expression or
activity can be performed. In statistics, a meta-analysis
combines the results of several studies that address a set of
related research hypotheses. This is normally done by iden-
tification of a common measure of effect size, which is
modeled using a form of meta-regression. Generally, three
types of models can be distinguished in the literature on
meta-analysis: simple regression, fixed effects meta-regres-
sion and random effects meta-regression. Resulting overall
averages when controlling for study characteristics can be
considered meta-effect sizes, which are more powerful esti-
mates of the true effect size than those derived in a single
study under a given single set of assumptions and condi-
tions. A meta-gene expression value, in this context, is to be
understood as being the median of the normalized expres-
sion of a marker gene or activity. Normalization of the
expression of a marker gene is preferably achieved by
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dividing the expression level of the individual marker gene
to be normalized by the respective individual median
expression of this marker genes, wherein said median
expression is preferably calculated from multiple measure-
ments of the respective gene in a sufficiently large cohort of
test individuals. The test cohort preferably comprises at least
3, 10, 100, 200, 1000 individuals or more including all
values and ranges thereof. Dataset-specific bias can be
removed or minimized allowing multiple datasets to be
combined for meta-analyses (See Sims et al. BMC Medical
Genomics (1:42), 1-14, 2008, which is incorporated herein
by reference in its entirety).

[0120] The calculation of a meta-gene expression value is
performed by: (i) determining the gene expression value of
at least two, preferably more genes (ii) “normalizing” the
gene expression value of each individual gene by dividing
the expression value with a coefficient which is approxi-
mately the median expression value of the respective gene in
a representative breast cancer cohort (iii) calculating the
median of the group of normalized gene expression values.
[0121] A gene shall be understood to be specifically
expressed in a certain cell type if the expression level of the
gene in the cell type is at least about 2-fold, 5-fold, 10-fold,
100-fold, 1000-fold, or 10000-fold higher (or any range
derivable therein) than in a reference cell type, or in a
mixture of reference cell types. Reference cell types include
non-cancerous breast tissue cells or a heterogenous popula-
tion of breast cancers.

[0122] In certain algorithms a suitable threshold level is
first determined for a marker gene. The suitable threshold
level can be determined from measurements of the marker
gene expression in multiple individuals from a test cohort.
The median expression of the marker gene in said multiple
expression measurements is taken as the suitable threshold
value.

[0123] Comparison of multiple marker genes with a
threshold level can be performed as follows:

1. The individual marker genes are compared to their
respective threshold levels.

2. The number of marker genes, the expression level of
which is above their respective threshold level, is deter-
mined.

3. If a marker genes is expressed above its respective
threshold level, then the expression level of the marker gene
is taken to be “above the threshold level”.

[0124] “A sufficiently large number”, in this context,
means preferably 30%, 50%, 80%, 90%, or 95% of the
marker genes used.

[0125] In certain aspects, the determination of expression
levels is on a gene chip, such as an AffymetrixTM gene chip.
In other embodiments, RNA sequencing is employed.
[0126] In another aspect, the determination of expression
levels is done by kinetic real time PCR.

[0127] In certain aspects, the methods can relate to a
system for performing such methods, the system comprising
(a) apparatus or device for storing data on regarding expres-
sion levels of one or more GR-antagonist responsive genes
of the patient; (b) apparatus or device for determining the
expression level of at least one marker gene; (c) apparatus or
device for comparing the expression level of the first marker
gene with a predetermined first threshold value; (d) appa-
ratus or device for determining the expression level of at
least one second marker gene; and (e) computing apparatus
or device programmed to provide treatment with a GR
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antagonist if the data indicates altered expression levels of
said first marker gene or activity as compared to the prede-
termined first threshold value and, alternatively, the expres-
sion level of said second marker gene is above or below a
predetermined second threshold level, wherein the predeter-
mined threshold values are based on expression levels for
genes unaltered after exposure to a GR antagonist.

[0128] The person skilled in the art readily appreciates that
an unfavorable or poor prognosis can be given if the
expression level of the first marker gene with the predeter-
mined first threshold value indicates a tumor that is likely to
recur or not respond well to standard therapies.

[0129] The expression patterns can also be compared by
using one or more ratios between the expression levels of
different breast cancer biomarkers. Other suitable measures
or indicators can also be employed for assessing the rela-
tionship or difference between different expression patterns.
[0130] The GR nucleic acid and protein sequences are
provided in GenBank accession number AY436590. The
content of all of these GenBank Accession numbers is
specifically incorporated herein by reference as of the filing
date of this application.

[0131] The following biomarkers are provided for imple-
mentation with additional embodiments discussed herein.
All of them designate nucleic acid sequences for the par-
ticular gene identifier. Nucleic acid sequences related to
these gene designation can be found in the Genbank
sequence databases. Additional biomarkers include the
MCL1, SAP30, DUSP1, SGK1, SMARCA2, PTGDS,
TNFRSF9, SFN, LAPTMS, GPSM2, SORT1, DPT, NRP1,
ACSLS, BIRC3, NNMT, IGFBP6, PLXNCI1, SLC46A3,
Cl4orfl139, PIASI1, IDH2, SERPINF1, ERBB2, PECAMI,
LBH, ST3GALS5, IL1R1, BIN1, WIPF1, TFPI, FNI1,
FAM134A, NRIP1, RAC2, SPP1, PHF15, BTN3A2,
SESN1, MAP3KS5, DPYSL2, SEMA4D, STOM, and
MAOA genes.

[0132] One or more of the biomarkers can be used to
determine whether a human patient with breast cancer
should be treated with one or more GR antagonists or
inhibitors (with or without additional cancer therapy) as a
therapy. The expression pattern of these biomarkers in breast
cancer cells may be used to evaluate a patient to determine
whether they are likely to respond to a GR antagonist/
inhibitor or likely not to respond to GR antagonist/inhibitor.
[0133] The expression levels of breast cancer biomarkers
can be compared to reference expression levels using vari-
ous methods. These reference levels can be determined
using expression levels of a reference based on all breast
cancer patients or all breast cancer patients determined to be
GR antagonist responsive. Alternatively, it can be based on
an internal reference such as a gene that is expressed in all
cells. In some embodiments, the reference is a gene
expressed in breast cancer cells at a higher level than any
biomarker. Any comparison can be performed using the fold
change or the absolute difference between the expression
levels to be compared. One or more breast cancer biomark-
ers can be used in the comparison. It is contemplated that 1,
2,3,4,5,6,7, 8, and/or 9 biomarkers may be compared to
each other and/or to a reference that is internal or external.
A person of ordinary skill in the art would know how to do
such comparisons.

[0134] Comparisons or results from comparisons may
reveal or be expressed as x-fold increase or decrease in
expression relative to a standard or relative to another
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biomarker or relative to the same biomarker but in a different
class of prognosis. In some embodiments, patients with a
poor prognosis have a relatively high level of expression
(overexpression) or relatively low level of expression (un-
derexpression) when compared to patients with a better or
favorable prognosis, or vice versa.

[0135] Fold increases or decreases may be, be at least, or
be at most 1-, 2-, 3-, 4-, 5-, 6-, 7-, 8-, 9-, 10-, 11-, 12-, 13-,
14-,15-, 16-, 17-, 18-, 19-, 20-, 25-, 30-, 35-, 40-, 45-, 50-,
55-, 60-, 65-, 70-, 75-, 80-, 85-, 90-, 95-, 100- or more, or
any range derivable therein. Alternatively, differences in
expression may be expressed as a percent decrease or
increase, such as at least or at most 20, 25, 30, 35, 40, 45,
50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 110, 120, 130,
140, 150, 160, 170, 180, 190, 200, 300, 400, 500, 600, 700,
800, 900, 1000% difference, or any range derivable therein.

[0136] Other ways to express relative expression levels are
by normalized or relative numbers such as 0.001, 0.002,
0.003, 0.004, 0.005, 0.006, 0.007, 0.008, 0.009, 0.01, 0.02,
0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09,0.1,0.2,0.3,0.4, 0.5,
0.6,0.7,0.8,0.9,1.0,1.1,1.2,13,1.4,1.5,1.6,1.7,1.8,1.9,
2.0,2.1,2.2,23,2.4,2.5,2.6,2.7,2.8,2.9,3.0,3.1,3.2,3.3,
3.4,3.5,3.6,3.7.3.8,3.9,4.0,4.1,4.2,43,4.4,45,4.6,4.7,
48,4.9,5.0,5.1,5.2,53,54,5.5,5.6,57,5.8,59,6.0,6.1,
6.2,63,64,65,66,67,68,69,70,7.1,7.2,73,7.4,7.5,
7.6,7.7,7.8,8.0,8.1,8.2,8.3,84,8.5,8.6,8.7,8.8,8.9, 9.0,
9.1,9.2,93,9.4,9.5, 9.6, 9.7, 9.8, 9.9, 10.0, or any range
derivable therein.

[0137] Algorithms, such as the weighted voting programs,
can be used to facilitate the evaluation of biomarker levels.
In addition, other clinical evidence can be combined with the
biomarker-based test to reduce the risk of false evaluations.
Other cytogenetic evaluations may be considered in some
embodiments of the invention.

[0138] Any biological sample from the patient that con-
tains breast cancer cells may be used to evaluate the expres-
sion pattern of any biomarker discussed herein. In some
embodiments, a biological sample from a breast tumor is
used. Evaluation of the sample may involve, though it need
not involve, panning (enriching) for cancer cells or isolating
the cancer cells.

[0139] A. Nucleic Acids

[0140] Screening methods based on differentially
expressed gene products are well known in the art. In
accordance with one aspect of the present invention, the
differential expression patterns of breast cancer biomarkers
can be determined by measuring the levels of RNA tran-
scripts of these genes, or genes whose expression is modu-
lated by the these genes, in the patient’s breast cancer cells.
Suitable methods for this purpose include, but are not
limited to, RT-PCR, Northern Blot, in situ hybridization,
Southern Blot, slot-blotting, nuclease protection assay and
oligonucleotide arrays.

[0141] In certain aspects, RNA isolated from breast cancer
cells can be amplified to cDNA or cRNA before detection
and/or quantitation. The isolated RNA can be either total
RNA or mRNA. The RNA amplification can be specific or
non-specific. Suitable amplification methods include, but are
not limited to, reverse transcriptase PCR, isothermal ampli-
fication, ligase chain reaction, and Qbeta replicase. The
amplified nucleic acid products can be detected and/or
quantitated through hybridization to labeled probes. In some
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embodiments, detection may involve fluorescence reso-
nance energy transfer (FRET) or some other kind of quan-
tum dots.

[0142] Amplification primers or hybridization probes for a
breast cancer biomarker can be prepared from the gene
sequence or obtained through commercial sources, such as
Affymatrix. In certain embodiments the gene sequence is
identical or complementary to at least 8 contiguous nucleo-
tides of the coding sequence.

[0143] Sequences suitable for making probes/primers for
the detection of their corresponding breast cancer biomark-
ers include those that are identical or complementary to all
or part of genes or SEQ ID NOs described herein. These
sequences are all nucleic acid sequences of breast cancer
biomarkers.

[0144] The use of a probe or primer of between 13 and 100
nucleotides, preferably between 17 and 100 nucleotides in
length, or in some aspects of the invention up to 1-2
kilobases or more in length, allows the formation of a duplex
molecule that is both stable and selective. Molecules having
complementary sequences over contiguous stretches greater
than 20 bases in length are generally preferred, to increase
stability and/or selectivity of the hybrid molecules obtained.
One will generally prefer to design nucleic acid molecules
for hybridization having one or more complementary
sequences of 20 to 30 nucleotides, or even longer where
desired. Such fragments may be readily prepared, for
example, by directly synthesizing the fragment by chemical
means or by introducing selected sequences into recombi-
nant vectors for recombinant production.

[0145] In one embodiment, each probe/primer comprises
at least 15 nucleotides. For instance, each probe can com-
prise at least or at most 20, 25, 50, 75, 100, 125, 150, 175,
200, 225, 250, 275, 300, 325, 350, 400 or more nucleotides
(or any range derivable therein). They may have these
lengths and have a sequence that is identical or complemen-
tary to a gene or SEQ ID NO described herein. Preferably,
each probe/primer has relatively high sequence complexity
and does not have any ambiguous residue (undetermined “n”
residues). The probes/primers preferably can hybridize to
the target gene, including its RNA transcripts, under strin-
gent or highly stringent conditions. In some embodiments,
because each of the biomarkers has more than one human
sequence, it is contemplated that probes and primers may be
designed for use with each one of these sequences. For
example, inosine is a nucleotide frequently used in probes or
primers to hybridize to more than one sequence. It is
contemplated that probes or primers may have inosine or
other design implementations that accommodate recognition
of more than one human sequence for a particular biomarker.
[0146] For applications requiring high selectivity, one will
typically desire to employ relatively high stringency condi-
tions to form the hybrids. For example, relatively low salt
and/or high temperature conditions, such as provided by
about 0.02 M to about 0.10 M NaCl at temperatures of about
50° C. to about 70° C. Such high stringency conditions
tolerate little, if any, mismatch between the probe or primers
and the template or target strand and would be particularly
suitable for isolating specific genes or for detecting specific
mRNA transcripts. It is generally appreciated that conditions
can be rendered more stringent by the addition of increasing
amounts of formamide.

[0147] In another embodiment, the probes/primers for a
gene are selected from regions which significantly diverge
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from the sequences of other genes. Such regions can be
determined by checking the probe/primer sequences against
a human genome sequence database, such as the Entrez
database at the NCBI. One algorithm suitable for this
purpose is the BLAST algorithm. This algorithm involves
first identifying high scoring sequence pairs (HSPs) by
identifying short words of length W in the query sequence,
which either match or satisfy some positive-valued threshold
score T when aligned with a word of the same length in a
database sequence. T is referred to as the neighborhood word
score threshold. These initial neighborhood word hits act as
seeds for initiating searches to find longer HSPs containing
them. The word hits are then extended in both directions
along each sequence to increase the cumulative alignment
score. Cumulative scores are calculated using, for nucleotide
sequences, the parameters M (reward score for a pair of
matching residues; always >0) and N (penalty score for
mismatching residues; always <0). The BLAST algorithm
parameters W, T, and X determine the sensitivity and speed
of the alignment. These parameters can be adjusted for
different purposes, as appreciated by one of ordinary skill in
the art.

[0148] In one embodiment, quantitative RT-PCR (such as
TagMan, ABI) is used for detecting and comparing the levels
of RNA transcripts in breast cancer samples. Quantitative
RT-PCR involves reverse transcription (RT) of RNA to
c¢DNA followed by relative quantitative PCR (RT-PCR). The
concentration of the target DNA in the linear portion of the
PCR process is proportional to the starting concentration of
the target before the PCR was begun. By determining the
concentration of the PCR products of the target DNA in PCR
reactions that have completed the same number of cycles
and are in their linear ranges, it is possible to determine the
relative concentrations of the specific target sequence in the
original DNA mixture. If the DNA mixtures are cDNAs
synthesized from RNAs isolated from different tissues or
cells, the relative abundances of the specific mRNA from
which the target sequence was derived may be determined
for the respective tissues or cells. This direct proportionality
between the concentration of the PCR products and the
relative mRNA abundances is true in the linear range portion
of the PCR reaction. The final concentration of the target
DNA in the plateau portion of the curve is determined by the
availability of reagents in the reaction mix and is indepen-
dent of the original concentration of target DNA. Therefore,
the sampling and quantifying of the amplified PCR products
preferably are carried out when the PCR reactions are in the
linear portion of their curves. In addition, relative concen-
trations of the amplifiable cDNAs preferably are normalized
to some independent standard, which may be based on either
internally existing RNA species or externally introduced
RNA species. The abundance of a particular mRNA species
may also be determined relative to the average abundance of
all mRNA species in the sample.

[0149] In one embodiment, the PCR amplification utilizes
one or more internal PCR standards. The internal standard
may be an abundant housekeeping gene in the cell or it can
specifically be GAPDH, GUSB and (-2 microglobulin.
These standards may be used to normalize expression levels
so that the expression levels of different gene products can
be compared directly. A person of ordinary skill in the art
would know how to use an internal standard to normalize
expression levels.
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[0150] A problem inherent in clinical samples is that they
are of variable quantity and/or quality. This problem can be
overcome if the RT-PCR is performed as a relative quanti-
tative RT-PCR with an internal standard in which the inter-
nal standard is an amplifiable cDNA fragment that is similar
or larger than the target cDNA fragment and in which the
abundance of the mRNA encoding the internal standard is
roughly 5-100 fold higher than the mRNA encoding the
target. This assay measures relative abundance, not absolute
abundance of the respective mRNA species.

[0151] In another embodiment, the relative quantitative
RT-PCR uses an external standard protocol. Under this
protocol, the PCR products are sampled in the linear portion
of their amplification curves. The number of PCR cycles that
are optimal for sampling can be empirically determined for
each target cDNA fragment. In addition, the reverse tran-
scriptase products of each RNA population isolated from the
various samples can be normalized for equal concentrations
of amplifiable cDNAs.

[0152] Nucleic acid arrays can also be used to detect and
compare the differential expression patterns of breast cancer
biomarkers in breast cancer cells. The probes suitable for
detecting the corresponding breast cancer biomarkers can be
stably attached to known discrete regions on a solid sub-
strate. As used herein, a probe is “stably attached” to a
discrete region if the probe maintains its position relative to
the discrete region during the hybridization and the subse-
quent washes. Construction of nucleic acid arrays is well
known in the art. Suitable substrates for making polynucle-
otide arrays include, but are not limited to, membranes,
films, plastics and quartz wafers.

[0153] A nucleic acid array can comprise at least 1, 2, 3,
4,5,6,7,8,9,10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80,
90, 100, 150, 200, 250 or more different polynucleotide
probes, which may hybridize to different and/or the same
biomarkers. Multiple probes for the same gene can be used
on a single nucleic acid array. Probes for other disease genes
can also be included in the nucleic acid array. The probe
density on the array can be in any range. In some embodi-
ments, the density may be 50, 100, 200, 300, 400, 500 or
more probes/cm?.

[0154] Specifically contemplated by the present inventors
are chip-based nucleic acid technologies such as those
described by Hacia et al. (1996) and Shoemaker et al.
(1996). Briefly, these techniques involve quantitative meth-
ods for analyzing large numbers of genes rapidly and
accurately. By tagging genes with oligonucleotides or using
fixed probe arrays, one can employ chip technology to
segregate target molecules as high density arrays and screen
these molecules on the basis of hybridization (see also,
Pease et al., 1994; and Fodor et al, 1991). It is contemplated
that this technology may be used in conjunction with evalu-
ating the expression level of one or more breast cancer
biomarkers with respect to diagnostic, prognostic, and treat-
ment methods of the invention.

[0155] The present invention may involve the use of
arrays or data generated from an array. Data may be readily
available. Moreover, an array may be prepared in order to
generate data that may then be used in correlation studies.
[0156] An array generally refers to ordered macroarrays or
microarrays of nucleic acid molecules (probes) that are fully
or nearly complementary or identical to a plurality of mRNA
molecules or cDNA molecules and that are positioned on a
support material in a spatially separated organization. Mac-
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roarrays are typically sheets of nitrocellulose or nylon upon
which probes have been spotted. Microarrays position the
nucleic acid probes more densely such that up to 10,000
nucleic acid molecules can be fit into a region typically 1 to
4 square centimeters. Microarrays can be fabricated by
spotting nucleic acid molecules, e.g., genes, oligonucle-
otides, etc., onto substrates or fabricating oligonucleotide
sequences in situ on a substrate. Spotted or fabricated
nucleic acid molecules can be applied in a high density
matrix pattern of up to about 30 non-identical nucleic acid
molecules per square centimeter or higher, e.g. up to about
100 or even 1000 per square centimeter. Microarrays typi-
cally use coated glass as the solid support, in contrast to the
nitrocellulose-based material of filter arrays. By having an
ordered array of complementing nucleic acid samples, the
position of each sample can be tracked and linked to the
original sample. A variety of different array devices in which
a plurality of distinct nucleic acid probes are stably associ-
ated with the surface of a solid support are known to those
of'skill in the art. Useful substrates for arrays include nylon,
glass and silicon. Such arrays may vary in a number of
different ways, including average probe length, sequence or
types of probes, nature of bond between the probe and the
array surface, e.g. covalent or non-covalent, and the like.
The labeling and screening methods of the present invention
and the arrays are not limited in its utility with respect to any
parameter except that the probes detect expression levels;
consequently, methods and compositions may be used with
a variety of different types of genes.

[0157] Representative methods and apparatus for prepar-
ing a microarray have been described, for example, in U.S.
Pat. Nos. 5,143,854; 5,202,231; 5,242,974; 5,288,644,
5,324,633; 5,384,261; 5,405,783; 5,412,087; 5,424,186;
5,429,807, 5,432,049; 5,436,327, 5,445,934; 5,468,613,
5,470,710, 5,472,672; 5,492,806, 5,525,464; 5,503,980,
5,510,270, 5,525,464; 5,527,681; 5,529,756; 5,532,128,
5,545,531, 5,547,839; 5,554,501; 5,556,752; 5,561,071,
5,571,639; 5,580,726; 5,580,732; 5,593,839; 5,599,695,
5,599,672, 5,610;,287; 5,624,711; 5,631,134; 5,639,603;
5,654,413, 5,658,734; 5,661,028; 5,665,547; 5,667,972,
5,695,940, 5,700,637; 5,744,305; 5,800,992; 5,807,522
5,830,645; 5,837,196; 5,871,928; 5,847,219; 5,876,932
5,919,626; 6,004,755; 6,087,102; 6,368,799; 6,383,749,
6,617,112; 6,638,717, 6,720,138, as well as WO 93/17126;
WO 95/11995; WO 95/21265; WO 95/21944; WO
95/35505; WO 96/31622; WO 97/10365; WO 97/27317,
WO 99/35505; WO 09923256; WO 09936760, W00138580;
WO 0168255; WO 03020898; WO 03040410, WO
03053586; WO 03087297; WO 03091426, WO03100012;
WO 04020085; WO 04027093; EP 373 203; EP 785 280; EP
799 897 and UK 8 803 000; the disclosures of which are all
herein incorporated by reference.

[0158] It is contemplated that the arrays can be high
density arrays, such that they contain 100 or more different
probes. It is contemplated that they may contain 1000,
16,000, 65,000, 250,000 or 1,000,000 or more different
probes. The probes can be directed to targets in one or more
different organisms. The oligonucleotide probes range from
510 50, 5 to 45, 10 to 40, or 15 to 40 nucleotides in length
in some embodiments. In certain embodiments, the oligo-
nucleotide probes are 20 to 25 nucleotides in length.

[0159] The location and sequence of each different probe
sequence in the array are generally known. Moreover, the
large number of different probes can occupy a relatively
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small area providing a high density array having a probe
density of generally greater than about 60, 100, 600, 1000,
5,000, 10,000, 40,000, 100,000, or 400,000 different oligo-
nucleotide probes per cm?. The surface area of the array can
be about or less than about 1, 1.6,2,3,4,5,6,7,8,9, or 10
cm?.

[0160] Moreover, a person of ordinary skill in the art could
readily analyze data generated using an array. Such proto-
cols include information found in WO 9743450, WO
03023058; WO 03022421; WO 03029485; WO 03067217,
WO 03066906; WO 03076928, WO 03093810; WO
03100448A1, all of which are specifically incorporated by
reference.

[0161] In one embodiment, nuclease protection assays are
used to quantify RNAs derived from the breast cancer
samples. There are many different versions of nuclease
protection assays known to those practiced in the art. The
common characteristic that these nuclease protection assays
have is that they involve hybridization of an antisense
nucleic acid with the RNA to be quantified. The resulting
hybrid double-stranded molecule is then digested with a
nuclease that digests single-stranded nucleic acids more
efficiently than double-stranded molecules. The amount of
antisense nucleic acid that survives digestion is a measure of
the amount of the target RNA species to be quantified. An
example of a nuclease protection assay that is commercially
available is the RNase protection assay manufactured by
Ambion, Inc. (Austin, Tex.).

[0162] B. Proteins and Polypeptides

[0163] In other embodiments, the differential expression
patterns of breast cancer biomarkers can be determined by
measuring the levels of polypeptides encoded by these genes
in breast cancer cells. Methods suitable for this purpose
include, but are not limited to, immunoassays such as
ELISA, RIA, FACS, dot blot, Western Blot, immunohisto-
chemistry, and antibody-based radioimaging. Protocols for
carrying out these immunoassays are well known in the art.
Other methods such as 2-dimensional SDS-polyacrylamide
gel electrophoresis can also be used. These procedures may
be used to recognize any of the polypeptides encoded by the
breast cancer biomarker genes described herein.

[0164] One example of a method suitable for detecting the
levels of target proteins in peripheral blood samples is
ELISA. In an exemplifying ELISA, antibodies capable of
binding to the target proteins encoded by one or more breast
cancer biomarker genes are immobilized onto a selected
surface exhibiting protein affinity, such as wells in a poly-
styrene or polyvinylchloride microtiter plate. Then, breast
cancer cell samples to be tested are added to the wells. After
binding and washing to remove non-specifically bound
immunocomplexes, the bound antigen(s) can be detected.
Detection can be achieved by the addition of a second
antibody which is specific for the target proteins and is
linked to a detectable label. Detection may also be achieved
by the addition of a second antibody, followed by the
addition of a third antibody that has binding affinity for the
second antibody, with the third antibody being linked to a
detectable label. Before being added to the microtiter plate,
cells in the peripheral blood samples can be lysed using
various methods known in the art. Proper extraction proce-
dures can be used to separate the target proteins from
potentially interfering substances.

[0165] In another ELISA embodiment, the breast cancer
cell samples containing the target proteins are immobilized
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onto the well surface and then contacted with the antibodies
of the invention. After binding and washing to remove
non-specifically bound immunocomplexes, the bound anti-
gen is detected. Where the initial antibodies are linked to a
detectable label, the immunocomplexes can be detected
directly. The immunocomplexes can also be detected using
a second antibody that has binding affinity for the first
antibody, with the second antibody being linked to a detect-
able label.

[0166] Another typical ELISA involves the use of anti-
body competition in the detection. In this ELISA, the target
proteins are immobilized on the well surface. The labeled
antibodies are added to the well, allowed to bind to the target
proteins, and detected by means of their labels. The amount
of the target proteins in an unknown sample is then deter-
mined by mixing the sample with the labeled antibodies
before or during incubation with coated wells. The presence
of the target proteins in the unknown sample acts to reduce
the amount of antibody available for binding to the well and
thus reduces the ultimate signal.

[0167] Different ELISA formats can have certain features
in common, such as coating, incubating or binding, washing
to remove non-specifically bound species, and detecting the
bound immunocomplexes. For instance, in coating a plate
with either antigen or antibody, the wells of the plate can be
incubated with a solution of the antigen or antibody, either
overnight or for a specified period of hours. The wells of the
plate are then washed to remove incompletely adsorbed
material. Any remaining available surfaces of the wells are
then “coated” with a nonspecific protein that is antigenically
neutral with regard to the test samples. Examples of these
nonspecific proteins include bovine serum albumin (BSA),
casein and solutions of milk powder. The coating allows for
blocking of nonspecific adsorption sites on the immobilizing
surface and thus reduces the background caused by nonspe-
cific binding of antisera onto the surface.

[0168] In ELISAs, asecondary or tertiary detection means
can also be used. After binding of a protein or antibody to
the well, coating with a non-reactive material to reduce
background, and washing to remove unbound material, the
immobilizing surface is contacted with the control and/or
clinical or biological sample to be tested under conditions
effective to allow immunocomplex (antigen/antibody) for-
mation. These conditions may include, for example, diluting
the antigens and antibodies with solutions such as BSA,
bovine gamma globulin (BGG) and phosphate buffered
saline (PBS)/Tween and incubating the antibodies and anti-
gens at room temperature for about 1 to 4 hours or at 49° C.
overnight. Detection of the immunocomplex then requires a
labeled secondary binding ligand or antibody, or a secondary
binding ligand or antibody in conjunction with a labeled
tertiary antibody or third binding ligand.

[0169] After all of the incubation steps in an ELISA, the
contacted surface can be washed so as to remove non-
complexed material. For instance, the surface may be
washed with a solution such as PBS/Tween, or borate buffer.
Following the formation of specific immunocomplexes
between the test sample and the originally bound material,
and subsequent washing, the occurrence of the amount of
immunocomplexes can be determined.

[0170] To provide a detecting means, the second or third
antibody can have an associated label to allow detection. In
one embodiment, the label is an enzyme that generates color
development upon incubating with an appropriate chro-
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mogenic substrate. Thus, for example, one may contact and
incubate the first or second immunocomplex with a urease,
glucose oxidase, alkaline phosphatase or hydrogen peroxi-
dase-conjugated antibody for a period of time and under
conditions that favor the development of further immuno-
complex formation (e.g., incubation for 2 hours at room
temperature in a PBS-containing solution such as PBS-
Tween).

[0171] After incubation with the labeled antibody, and
subsequent to washing to remove unbound material, the
amount of label is quantified, e.g., by incubation with a
chromogenic substrate such as urea and bromocresol purple
or 2,2'-azido-di-(3-ethyl)-benzhiazoline-6-sulfonic  acid
(ABTS) and hydrogen peroxide, in the case of peroxidase as
the enzyme label. Quantitation can be achieved by measur-
ing the degree of color generation, e.g., using a spectropho-
tometer.

[0172] Another suitable method is RIA (radioimmunoas-
say). An example of RIA is based on the competition
between radiolabeled-polypeptides and unlabeled polypep-
tides for binding to a limited quantity of antibodies. Suitable
radiolabels include, but are not limited to, I'*°. In one
embodiment, a fixed concentration of 1'*°-labeled polypep-
tide is incubated with a series of dilution of an antibody
specific to the polypeptide. When the unlabeled polypeptide
is added to the system, the amount of the I'**-polypeptide
that binds to the antibody is decreased. A standard curve can
therefore be constructed to represent the amount of anti-
body-bound I'**-polypeptide as a function of the concen-
tration of the unlabeled polypeptide. From this standard
curve, the concentration of the polypeptide in unknown
samples can be determined. Various protocols for conduct-
ing RIA to measure the levels of polypeptides in breast
cancer cell samples are well known in the art.

[0173] Suitable antibodies for this invention include, but
are not limited to, polyclonal antibodies, monoclonal anti-
bodies, chimeric antibodies, humanized antibodies, single
chain antibodies, Fab fragments, and fragments produced by
a Fab expression library.

[0174] Antibodies can be labeled with one or more detect-
able moieties to allow for detection of antibody-antigen
complexes. The detectable moieties can include composi-
tions detectable by spectroscopic, enzymatic, photochemi-
cal, biochemical, bioelectronic, immunochemical, electrical,
optical or chemical means. The detectable moieties include,
but are not limited to, radioisotopes, chemiluminescent
compounds, labeled binding proteins, heavy metal atoms,
spectroscopic markers such as fluorescent markers and dyes,
magnetic labels, linked enzymes, mass spectrometry tags,
spin labels, electron transfer donors and acceptors, and the
like.

[0175] Protein array technology is discussed in detail in
Pandey and Mann (2000) and MacBeath and Schreiber
(2000), each of which is herein specifically incorporated by
reference. These arrays typically contain thousands of dif-
ferent proteins or antibodies spotted onto glass slides or
immobilized in tiny wells and allow one to examine the
biochemical activities and binding profiles of a large number
of proteins at once. To examine protein interactions with
such an array, a labeled protein is incubated with each of the
target proteins immobilized on the slide, and then one
determines which of the many proteins the labeled molecule
binds. In certain embodiments such technology can be used
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to quantitate a number of proteins in a sample, such as a
breast cancer biomarker proteins.

[0176] The basic construction of protein chips has some
similarities to DNA chips, such as the use of a glass or
plastic surface dotted with an array of molecules. These
molecules can be DNA or antibodies that are designed to
capture proteins. Defined quantities of proteins are immo-
bilized on each spot, while retaining some activity of the
protein. With fluorescent markers or other methods of detec-
tion revealing the spots that have captured these proteins,
protein microarrays are being used as powerful tools in
high-throughput proteomics and drug discovery.

[0177] The earliest and best-known protein chip is the
ProteinChip by Ciphergen Biosystems Inc. (Fremont,
Calif.). The ProteinChip is based on the surface-enhanced
laser desorption and ionization (SELDI) process. Known
proteins are analyzed using functional assays that are on the
chip. For example, chip surfaces can contain enzymes,
receptor proteins, or antibodies that enable researchers to
conduct protein-protein interaction studies, ligand binding
studies, or immunoassays. With state-of-the-art ion optic and
laser optic technologies, the ProteinChip system detects
proteins ranging from small peptides of less than 1000 Da up
to proteins of 300 kDa and calculates the mass based on
time-of-flight (TOF).

[0178] The ProteinChip biomarker system is the first pro-
tein biochip-based system that enables biomarker pattern
recognition analysis to be done. This system allows
researchers to address important clinical questions by inves-
tigating the proteome from a range of crude clinical samples
(i.e., laser capture microdissected cells, biopsies, tissue,
urine, and serum). The system also utilizes biomarker pat-
tern software that automates pattern recognition-based sta-
tistical analysis methods to correlate protein expression
patterns from clinical samples with disease phenotypes.
[0179] In other aspects, the levels of polypeptides in
samples can be determined by detecting the biological
activities associated with the polypeptides. If a biological
function/activity of a polypeptide is known, suitable in vitro
bioassays can be designed to evaluate the biological func-
tion/activity, thereby determining the amount of the poly-
peptide in the sample.

a. Breast Cancer Therapy

[0180] Certain embodiments are directed to methods of
treating breast cancer based on responsiveness to GR
antagonism of the breast cancer tissue.

[0181] In certain aspects, there may be provided methods
for treating a subject determined to have cancer and with a
predetermined expression profile of one or more biomarkers
disclosed herein.

[0182] In a further aspect, biomarkers and related systems
that can establish a prognosis of cancer patients with respect
to GR antagonist/inhibitor therapy can be used to identify
patients who may get benefit of conventional single or
combined modality therapy.

[0183] In certain aspects, conventional cancer therapy
may be applied to a subject wherein the subject is identified
or reported as likely responsive to a GR antagonist/inhibitor
based on the assessment of the biomarkers as disclosed. On
the other hand, at least an alternative cancer therapy may be
prescribed, as used alone or in combination with conven-
tional cancer therapy, if a poor prognosis is determined by
the disclosed methods, systems, or kits.
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[0184] Embodiments concern a glucocorticoid receptor
antagonist. In some embodiments, the glucocorticoid recep-
tor antagonist is a selective glucocorticoid receptor antago-
nist, as set forth in Clark, 2008, which is hereby incorporated
by reference. In other embodiments, the glucocorticoid
receptor antagonist is a non-selective glucocorticoid recep-
tor antagonist, such as mifepristone. In certain embodi-
ments, the glucocorticoid receptor antagonist is steroidal. In
other embodiments, the glucocorticoid receptor antagonist is
nonsteroidal. A glucocorticoid receptor antagonist includes
those in the following classes of chemical compounds:
octahydrophenanthrenes, spirocyclic dihydropyridines, tri-
phenylmethanes and diaryl ethers, chromenes, dibenzyl ani-
lines, dihydroisoquinolines, pyrimidinediones, azadecalins,
and aryl pyrazolo azadecalins, and which are described in
more detail in Clark, 2008, which is hereby incorporated by
reference. Some embodiments of steroidal antagonists from
Clark, 2008 are: RU-486, RU-43044, 11-monoaryl and
11,21 bisaryl steroids (including 11p-substituted steroids),
10p-substituted steroids, 11p-aryl conjugates of mifepris-
tone, and phosphorous-containing mifepristone analogs.
Further embodiments of nonsteroidal antagonists from
Clark, 2008 are: octahydrophenanthrenes, spirocyclic dihy-
dropyridines, triphenylmethanes and diaryl ethers,
chromenes, dibenzyl anilines, dihyrdroquinolines, pyrimi-
dinediones, azadecalins, aryl pyrazolo azadecalins (includ-
ing 8a-benzyl isoquinolones, N-substituted derivatives,
bridgehead alcohol and ethers, bridgehead amines). Addi-
tional specific examples include, but are not limited to the
following specific antagonists: beclometasone, betametha-
sone, budesonide, ciclesonide, flunisolide, fluticasone, mife-
pri stone, mometasone, and triamcinolone. Other examples
include those described and/or depicted in U.S. Patent
Application Publication 2010/0135956, which is hereby
incorporated by reference. Even further examples include
ORG-34517 (Merck), RU-43044, dexamethasone mesylate
(Dex-Mes), dexamethasone oxetanone (Dex-Ox), deoxycor-
ticosterone (DOC) (Peeters et al., 2008, which is hereby
incorporated by reference in its entirety and Cho et al. 2005,
which is hereby incorporated by reference in its entirety). In
additional embodiments the glucocorticoid receptor antago-
nist may be CORT 0113083 or CORT 00112716, which are
described in Belanoff et al. (2011), which is hereby incor-
porated by reference. It is specifically contemplated that one
or more of the antagonists discussed herein or in the incor-
porated references may be excluded in embodiments of the
invention. It is also contemplated that in some embodiments,
more than one glucocorticoid receptor antagonist is
employed, while in other embodiments, only one is
employed as part of the therapeutic method (though it may
be administered multiple times). It is contemplated that the
second one may be administered concurrently with the first
one or they may be administered at different times.

[0185] Conventional cancer therapies include one or more
selected from the group of chemical or radiation based
treatments and surgery. Chemotherapies include, for
example, cisplatin (CDDP), carboplatin, procarbazine,
mechlorethamine, cyclophosphamide, camptothecin, ifosf-
amide, melphalan, chlorambucil, busulfan, nitrosurea, dac-
tinomycin, daunorubicin, doxorubicin, bleomycin, plicomy-
cin, mitomycin, etoposide (VP16), tamoxifen, raloxifene,
estrogen receptor binding agents, taxol, gemcitabine, navel-
bine, farnesyl-protein transferase inhibitors, transplatinum,

Sep. 12,2019

5-fluorouracil, vincristin, vinblastin and methotrexate, or
any analog or derivative variant of the foregoing.

[0186] Suitable therapeutic agents include, for example,
vinca alkaloids, agents that disrupt microtubule formation
(such as colchicines and its derivatives), anti-angiogenic
agents, therapeutic antibodies, EGFR targeting agents, tyro-
sine kinase targeting agent (such as tyrosine kinase inhibi-
tors), serine kinase targeting agents, transitional metal com-
plexes, proteasome inhibitors, antimetabolites (such as
nucleoside analogs), alkylating agents, platinum-based
agents, anthracycline antibiotics, topoisomerase inhibitors,
macrolides, therapeutic antibodies, retinoids (such as all-
trans retinoic acids or a derivatives thereof); geldanamycin
or a derivative thereof (such as 17-AAG), and other standard
chemotherapeutic agents well recognized in the art.

[0187] Certain chemotherapeutics are well known for use
against breast cancer. These breast cancer chemotherapeu-
tics are capecitabine, carboplatin, cyclophosphamide (Cy-
toxan), daunorubicin, docetaxel (Taxotere), doxorubicin
(Adriamycin), epirubicin (Ellence), fluorouracil (also called
S-fluorouracil or 5-FU), gemcitabine, eribulin, ixabepilone,
methotrexate, mitomycin C, mitoxantrone, paclitaxel
(Taxol), thiotepa, vincristine, and vinorelbine.

[0188] In some embodiments, the chemotherapeutic agent
is any of (and in some embodiments selected from the group
consisting of) adriamycin, colchicine, cyclophosphamide,
actinomycin, bleomycin, daunorubicin, doxorubicin, epiru-
bicin, mitomycin, methotrexate, mitoxantrone, fluorouracil,
carboplatin, carmustine (BCNU), methyl-CCNU, cisplatin,
etoposide, interferons, camptothecin and derivatives thereof,
phenesterine, taxanes and derivatives thereof (e.g., pacli-
taxel and derivatives thereof, taxotere and derivatives
thereof, and the like), topetecan, vinblastine, vincristine,
tamoxifen, piposulfan, nab-5404, nab-5800, nab-5801, Iri-
notecan, HKP, Ortataxel, gemcitabine, Herceptin®, vinore-
Ibine, Doxil®, capecitabine, Gleevec®, Alimta®, Avastin®,
Velcade®, Tarceva®, Neulasta®, Lapatinib, STI-571,
7ZD1839, Iressa® (gefitinib), SH268, genistein, CEP2563,
SU6668, SU11248, EMD121974, and Sorafenib.

[0189] In some embodiments, the chemotherapeutic agent
is a composition comprising nanoparticles comprising a
thiocolchicine derivative and a carrier protein (such as
albumin).

[0190] In further embodiments a combination of chemo-
therapeutic agents is administered to breast cancer cells. The
chemotherapeutic agents may be administered serially
(within minutes, hours, or days of each other) or in parallel;
they also may be administered to the patient in a pre-mixed
single composition. The composition may or may not con-
tain a glucocorticoid receptor antagonist or GR inhibitor.
Combinations of breast cancer therapeutics include, but are
not limited to the following: AT (Adriamycin and Taxotere),
AC+T: (Adriamycin and Cytoxan, with or without Taxol or
Taxotere), CMF (Cytoxan, methotrexate, and fluorouracil),
CEF (Cytoxan, Ellence, and fluorouracil), FAC (fluoroura-
cil, Adriamycin, and Cytoxan), CAF (Cytoxan, Adriamycin,
and fluorouracil) (the FAC and CAF regimens use the same
medicines but use different doses and frequencies), TAC
(Taxotere, Adriamycin, and Cytoxan), and GET (Gemzar,
Ellence, and Taxol). In some embodiments trastuzumab
(Herceptin®) is administered to a breast cancer patient with
a glucocorticoid receptor antagonist, which may be with or
without a chemotherapeutic or a combination of chemo-
therapeutics.
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[0191] Various combinations with a glucocorticoid recep-
tor antagonist (or GR inhibitor) and an anticancer agent or
compound (or a combination of such agents and/or com-
pounds) may be employed, for example glucocorticoid
receptor antagonist is “A” and the anticancer agent or
compound (or a combination of such agents and/or com-
pounds) given as part of an anticancer therapy regime, is
“B:
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radioisotopes to tumor cells. Proton beam therapy or proton
therapy is frequently used for cancer treatment. Other forms
of DNA damaging factors are also contemplated such as
microwaves and UV-irradiation. It is most likely that all of
these factors effect a broad range of damage on DNA, on the
precursors of DNA, on the replication and repair of DNA,
and on the assembly and maintenance of chromosomes.
Dosage ranges for X-rays range from daily doses of 50 to

A/B/A B/A/B B/B/A A/A/B A/B/B B/A/A  A/B/B/B B/A/B/B

B/B/B/A B/B/A/B A/A/B/B A/B/A/B A/B/B/A B/B/A/A

B/A/B/A B/A/A/B A/A/A/B B/AJA/A A/B/A/A A/A/B/A
[0192] Administration of the therapeutic compounds or 200 roentgens for prolonged periods of time (3 to 4 weeks),

agents to a patient will follow general protocols for the
administration of such compounds, taking into account the
toxicity, if any, of the therapy. It is expected that the
treatment cycles would be repeated as necessary. It also is
contemplated that various standard therapies, as well as
surgical intervention, may be applied in combination with
the described therapy.

[0193] The term “a serine/threonine kinase inhibitor”, as
used herein, relates to a compound which inhibits serine/
threonine kinases. An example of a target of a serine/
threonine kinase inhibitor includes, but is not limited to,
dsRNA-dependent protein kinase (PKR). Examples of indi-
rect targets of a serine/threonine kinase inhibitor include, but
are not limited to, MCP-1, NF-kappaB, elF2alpha, COX2,
RANTES, IL8,CYP2AS5, IGF-1, CYP2Bl1, CYP2B2,
CYP2H1, ALAS-1, HIF-1, erythropoietin and/or CYP1Al.
An example of a serine/theronin kinase inhibitor includes,
but is not limited to, Sorafenib and 2-aminopurine, also
known as 1H-purin-2-amine(9CI). Sorafenib is marketed as
NEXAVAR.

[0194] Other examples of anticancer therapy that may be
used in conjunction with GR antagonist (or GR inhibitor)
therapy include but are not limited to checkpoint inhibitors
such as those that inhibit PD-1 (e.g., Pembrolizumab and
Nivolumab), PD-L.1 (e.g., Atezolizumab, Avelumab, Dur-
valumab), or CTLA-4 (e.g., Ipilimumab).

[0195] The term “an angiogenesis inhibitor”, as used
herein, relates to a compound which targets, decreases or
inhibits the production of new blood vessels. Targets of an
angiogenesis inhibitor include, but are not limited to,
methionine aminopeptidase-2 (MetAP-2), macrophage
inflammatory protein-1 (MIP-1a), CCL5, TGF-.beta.,
lipoxygenase, cyclooxygenase, and topoisomerase. Indirect
targets of an angiogenesis inhibitor include, but are not
limited to, p21, p53, CDK2 and collagen synthesis.
Examples of an angiogenesis inhibitor include, but are not
limited to, Fumagillin, which is known as 2,4,6,8-decatet-
raenedioic acid, mono[3R,48,58,6R)-5-methoxy-4-[(2R,
3R)-2-methyl-3-(3-methyl-2-butenyl)oxi-ranyl]-1-oxaspiro

[2.5]oct-6-y1] ester, (2E,4E,6E,8E)-(9CI); Shikonin, which
is also known as 1,4-naphthalenedione, 5,8-dihydroxy-2-
[(1R)-1-hydroxy-4-methyl-3-pentenyl]-(9CI); Tranilast,
which is also known as benzoic acid, 2-[[3-(3,4-dimethoxy-
phenyl)-1-0x0-2-propenyl]lamino]-(9CI);  ursolic  acid;
suramin; thalidomide and lenalidomide, and marketed as
REVLIMID.

[0196] Radiation therapy that cause DNA damage and
have been used extensively include what are commonly
known as y-rays, X-rays, and/or the directed delivery of

to single doses of 2000 to 6000 roentgens. Dosage ranges for
radioisotopes vary widely, and depend on the half-life of the
isotope, the strength and type of radiation emitted, and the
uptake by the neoplastic cells.

[0197] The terms “contacted” and “exposed,” when
applied to a cell, are used herein to describe the process by
which a therapeutic construct and a chemotherapeutic or
radiotherapeutic agent are delivered to a target cell or are
placed in direct juxtaposition with the target cell. To achieve
cell killing or stasis, both agents are delivered to acell in a
combined amount effective to kill the cell or prevent it from
dividing.

[0198] Approximately 60% of persons with cancer will
undergo surgery of some type, which includes preventative,
diagnostic or staging, curative and palliative surgery. Cura-
tive surgery is a cancer treatment that may be used in
conjunction with other therapies, such as the treatment of the
present invention, chemotherapy, radiotherapy, hormonal
therapy, gene therapy, immunotherapy and/or alternative
therapies.

[0199] Curative surgery includes resection in which all or
part of cancerous tissue is physically removed, excised,
and/or destroyed. Tumor resection refers to physical
removal of at least part of a tumor. In addition to tumor
resection, treatment by surgery includes laser surgery, cryo-
surgery, electrosurgery, and microscopically controlled sur-
gery (Mohs’ surgery). It is further contemplated that the
present invention may be used in conjunction with removal
of superficial cancers, precancers, or incidental amounts of
normal tissue.

[0200] Laser therapy is the use of high-intensity light to
destroy tumor cells. Laser therapy affects the cells only in
the treated area. Laser therapy may be used to destroy
cancerous tissue and relieve a blockage in the esophagus
when the cancer cannot be removed by surgery. The relief of
a blockage can help to reduce symptoms, especially swal-
lowing problems.

[0201] Photodynamic therapy (PDT), a type of laser
therapy, involves the use of drugs that are absorbed by
cancer cells; when exposed to a special light, the drugs
become active and destroy the cancer cells. PDT may be
used to relieve symptoms of esophageal cancer such as
difficulty swallowing.

[0202] Upon excision of part of all of cancerous cells,
tissue, or tumor, a cavity may be formed in the body.
Treatment may be accomplished by perfusion, direct injec-
tion or local application of the area with an additional
anti-cancer therapy. Such treatment may be repeated, for
example, every 1, 2, 3, 4, 5, 6, or 7 days, or every 1, 2, 3,
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4, and 5 weeks orevery 1,2,3,4,5,6,7,8,9,10, 11, or 12
months. These treatments may be of varying dosages as
well. A patient may be administered a single compound or
a combination of compounds described herein in an amount
that is, is at least, or is at most 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7,
08,09,1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32,
33,34, 35,36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48,
49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64,
65, 66, 67, 68, 69, 70, 71, 72,73, 74, 75,76, 77, 78, 79, 80,
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96,
97, 98, 99, or 100 mg/kg (or any range derivable therein). A
patient may be administered a single compound or a com-
bination of compounds described herein in an amount that is,
is at least, or is at most 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8,
09,1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34,
35,36, 37,38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50,
51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66,
67, 68, 69, 70,71, 72, 73, 74,75, 76, 77, 78, 79, 80, 81, 82,
83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98,
99, 100, 110, 120, 130, 140, 150, 160, 170, 180, 190, 200,
210, 220, 230, 240, 250, 260, 270, 280, 290, 300, 310, 320,
330, 340, 350, 360, 370, 380, 390, 400, 410, 420, 430, 440,
441, 450, 460, 470, 480, 490, 500 mg/kg/day (or any range
derivable therein).

[0203] Alternative cancer therapy include any cancer
therapy other than surgery, chemotherapy and radiation
therapy in the present invention, such as immunotherapy,
gene therapy, hormonal therapy or a combination thereof.
Subjects identified with poor prognosis using the present
methods may not have favorable response to conventional
treatment(s) alone and may be prescribed or administered
one or more alternative cancer therapy per se or in combi-
nation with one or more conventional treatments.

[0204] For example, the alternative cancer therapy may be
a targeted therapy. The targeted therapy may be an anti-
EGFR treatment. In one embodiment of the method of the
invention, the anti-EGFR agent used is a tyrosine kinase
inhibitor. Examples of suitable tyrosine kinase inhibitors are
the quinazoline derivatives described in WO 96/33980, in
particular gefitinib (Iressa). Other examples include qui-
nazoline derivatives described in WO 96/30347, in particu-
lar erlotinib (Tarceva), dual EGFR/HER2 tyrosine kinase
inhibitors, such as lapatinib, or pan-Erb inhibitors. In a
preferred embodiment of the method or use of the invention,
the anti-EGFR agent is an antibody capable of binding to
EGFR, i.e. an anti-EGFR antibody.

[0205] In a further embodiment, the anti-EGFR antibody
is an intact antibody, i.e. a full-length antibody rather than a
fragment. An anti-EGFR antibody used in the method of the
present invention may have any suitable affinity and/or
avidity for one or more epitopes contained at least partially
in EGFR. Preferably, the antibody used binds to human
EGFR with an equilibrium dissociation constant (KD) of
107M or less, more preferably 107'° M or less.

[0206] Particularly antibodies for use in the present inven-
tion include zalutumumab (2F8,), cetuximab (Erbitux),
nimotuzumab (h-R3), panitumumab (ABX-EGF), and matu-
zumab (EMD72000), or a variant antibody of any of these,
or an antibody which is able to compete with any of these,
such as an antibody recognizing the same epitope as any of
these. Competition may be determined by any suitable
technique. In one embodiment, competition is determined by
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an ELISA assay. Often competition is marked by a signifi-
cantly greater relative inhibition than 5% as determined by
ELISA analysis.

[0207] Immunotherapeutics, generally, rely on the use of
immune effector cells and molecules to target and destroy
cancer cells. The immune effector may be, for example, an
antibody specific for some marker on the surface of a tumor
cell. The antibody alone may serve as an effector of therapy
or it may recruit other cells to actually effect cell killing. The
antibody also may be conjugated to a drug or toxin (che-
motherapeutic, radionuclide, ricin A chain, cholera toxin,
pertussis toxin, etc.) and serve merely as a targeting agent.
Alternatively, the effector may be a lymphocyte carrying a
surface molecule that interacts, either directly or indirectly,
with a tumor cell target. Various effector cells include
cytotoxic T cells and NK cells.

[0208] Gene therapy is the insertion of polynucleotides,
including DNA or RNA, into an individual’s cells and
tissues to treat a disease. Antisense therapy is also a form of
gene therapy in the present invention. A therapeutic poly-
nucleotide may be administered before, after, or at the same
time of a first cancer therapy. Delivery of a vector encoding
a variety of proteins is encompassed within the invention.
For example, cellular expression of the exogenous tumor
suppressor oncogenes would exert their function to inhibit
excessive cellular proliferation, such as p53, pl6 and
C-CAM.

[0209] Additional agents to be used to improve the thera-
peutic efficacy of treatment include immunomodulatory
agents, agents that affect the upregulation of cell surface
receptors and GAP junctions, cytostatic and differentiation
agents, inhibitors of cell adhesion, or agents that increase the
sensitivity of the hyperproliferative cells to apoptotic induc-
ers. Immunomodulatory agents include tumor necrosis fac-
tor; interferon alpha, beta, and gamma; I[.-2 and other
cytokines; F42K and other cytokine analogs; or MIP-1,
MIP-lbeta, MCP-1, RANTES, and other chemokines. It is
further contemplated that the upregulation of cell surface
receptors or their ligands such as Fas/Fas ligand, DR4 or
DRS/TRAIL would potentiate the apoptotic inducing abili-
ties of the present invention by establishment of an autocrine
or paracrine effect on hyperproliferative cells. Increases
intercellular signaling by elevating the number of GAP
junctions would increase the anti-hyperproliferative effects
on the neighboring hyperproliferative cell population. In
other embodiments, cytostatic or differentiation agents can
be used in combination with the present invention to
improve the anti-hyperproliferative efficacy of the treat-
ments. Inhibitors of cell adhesion are contemplated to
improve the efficacy of the present invention. Examples of
cell adhesion inhibitors are focal adhesion kinase (FAKs)
inhibitors and Lovastatin. It is further contemplated that
other agents that increase the sensitivity of a hyperprolif-
erative cell to apoptosis, such as the antibody ¢225, could be
used in combination with the present invention to improve
the treatment efficacy.

[0210] Hormonal therapy may also be used in the present
invention or in combination with any other cancer therapy
previously described. The use of hormones may be
employed in the treatment of certain cancers such as breast,
prostate, ovarian, or cervical cancer to lower the level or
block the effects of certain hormones such as testosterone or
estrogen. This treatment is often used in combination with at
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least one other cancer therapy as a treatment option or to
reduce the risk of metastases.

a. Kits

[0211] Certain aspects of the present disclosure also
encompass kits for performing the methods described
herein. They can be prepared from readily available mate-
rials and reagents. For example, such kits can comprise any
one or more of the following materials: enzymes, reaction
tubes, buffers, detergent, primers, probes, antibodies. In a
preferred embodiment, these kits allow a practitioner to
obtain samples of neoplastic cells in blood, tears, semen,
saliva, urine, tissue, serum, stool, sputum, cerebrospinal
fluid and supernatant from cell lysate. In another preferred
embodiment these kits include the needed apparatus for
performing RNA extraction, RT-PCR, and gel electropho-
resis. Instructions for performing the assays can also be
included in the kits.

[0212] In a particular aspect, these kits may comprise a
plurality of agents for assessing the differential expression of
a plurality of biomarkers, for example, any of the genes
listed in Tables S2, S3, and/or S4, wherein the kit is housed
in a container. The kits may further comprise instructions for
using the kit for assessing expression, means for converting
the expression data into expression values and/or means for
analyzing the expression values to generate prognosis. The
agents in the kit for measuring biomarker expression may
comprise a plurality of PCR probes and/or primers for
qRT-PCR and/or a plurality of antibody or fragments thereof
for assessing expression of the biomarkers. In another
embodiment, the agents in the kit for measuring biomarker
expression may comprise an array of polynucleotides
complementary to the mRNAs of the biomarkers of the
invention. Possible means for converting the expression data
into expression values and for analyzing the expression
values to generate scores that predict survival or prognosis
may be also included.

[0213] Kits may comprise a container with a label. Suit-
able containers include, for example, bottles, vials, and test
tubes. The containers may be formed from a variety of
materials such as glass or plastic. The container may hold a
composition which includes a probe that is useful for
prognostic or non-prognostic applications, such as described
above. The label on the container may indicate that the
composition is used for a specific prognostic or non-prog-
nostic application, and may also indicate directions for
either in vivo or in vitro use, such as those described above.
The kit of the invention will typically comprise the container
described above and one or more other containers compris-
ing materials desirable from a commercial and user stand-
point, including buffers, diluents, filters, needles, syringes,
and package inserts with instructions for use.

EXAMPLES

[0214] The following examples are given for the purpose
of illustrating various embodiments of the invention and are
not meant to limit the present invention in any fashion. One
skilled in the art will appreciate readily that the present
invention is well adapted to carry out the objects and obtain
the ends and advantages mentioned, as well as those objects,
ends and advantages inherent herein. The present examples,
along with the methods described herein are presently
representative of preferred embodiments, are exemplary,
and are not intended as limitations on the scope of the
invention. Changes therein and other uses which are encom-
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passed within the spirit of the invention as defined by the
scope of the claims will occur to those skilled in the art.

Example 1
Materials and Methods for Examples 2-6

Study Design

[0215] When applicable, we have included information
about the experimental design, sample size, rules for stop-
ping data collection, selection of endpoints, experimental
replicates, and randomization for each individual experi-
ment in the Materials and Methods below.

Cell lines and reagents

[0216] MDA-MB-231 and SUM-159-PT cell lines were
validated and tested negative for mycoplasma throughout
the course of the experiments. MDA-MB-231 cells were
cultured in Dulbelcco’s Modified Eagle’s Media (DMEM,
Lonza), supplemented with 10% fetal bovine serum (FBS,
Gemini Bio-Products) and 1% penicillin/streptomycin
(Lonza). SUM-159-PT cells were cultured in Ham’s F12
Media (Corning), supplemented with 10% FBS and 1%
penicillin/streptomycin. Cells were cultured at 37° C. and
5% CO,. Compounds for cell culture studies were acquired
and dissolved as follows: Dexamethasone (Sigma) and
Mifepristone (Enza) were dissolved into 1 mM stock solu-
tions in ethanol (EtOH, Sigma). CORT108297 (C297, Cor-
cept Therapeutics, Menlo Park, CA), and was dissolved at 1
mM in EtOH. Pharmaceutical-grade paclitaxel (APP Phar-
maceuticals) was diluted to 1 mM in EtOH. Compounds for
the fluorescent polarization assay were dissolved in dimethyl
sulfoxide (DMSO) at 50 mM concentrations, including
dexamethasone, mifepri stone, CORT108297,
CORT118335, dihydrotestosterone (DHT), and Compound
A (Enzo Life Sciences). Fluorescein-dexamethasone (Invit-
rogen) was dissolved in DMSO in black microcentrifuge
tubes at a concentration of 20 mM and further diluted as
needed in water. For murine xenograft studies, pharmaceu-
tical-grade paclitaxel (APP Pharmaceuticals) was suspended
in saline and castor oil so that a 50 uL i.p. injection into a
20-gram mouse would be a 10 mg/kg dose. CORT108297
was dissolved in EtOH and suspended in sesame oil so that
a 50 pL i.p. injection into a 20-gram mouse would be a 20
mg/kg dose.

In Vitro GR LBD Expression and Purification

[0217] The wild-type GR-LBD (amino acid residues 522-
777) was cloned into a pPFASTBAC plasmid with a TEV-
cleavable 6X-His tag and used to transform DH10BAC cells
to produce bacmid DNA (Thermo Fischer). SF9 insect cells
were transfected with recombinant bacmid and virus (col-
lected after 6 days) was amplified prior to protein expres-
sion. Protein expression was initiated by infecting log phase
SF9 cells with freshly prepared virus (MOI=1) and allowed
to ferment for an additional 72 hours at 37° C. in the
presence of 1.0 uM Dex. SF9 cells were pelleted at 3,000
RPM at 4° C., and lysed by sonication in a buffer containing
20 mM TRIS pH 8.0, 500mM NaCl, 5% glycerol, 0.1%
CHAPS, 0.25 mM TCEP that was supplemented with pro-
tease inhibitors and 1.0 uM Dex. GR-LBD was purified first
using Ni-affinity chromatography followed by overnight
dialysis with TEV protease to remove the His tag. Extensive
dialysis into 20 mM TRIS pH 8.0, 500 mM NaCl, 5%
glycerol, 0.1% CHAPS, 0.25 mM TCEP was performed to
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obtain non-ligand-bound GR LBD. The final protein was
obtained using size exclusion chromatography where the
protein consistently eluted as a dimer. The purified proteins
were concentrated to 5 mg/ml, flash frozen in 50 ul aliquots
in N2(1), and stored at —80C.

Ligand titration assay via fluorescence polarimetry (FP)
[0218] GR LBD was diluted in assay buffer (20 mM TRIS
pH 7.5, 50 mM NaCl, 0.25 mM TCEP) to a concentration of
50 nM. After pre-equilibration of GR LBD with both ligand
(ranging from concentrations ranging from 0 to 4000 nM)
and 10 nM fluorescein-labeled dexamethasone (F-Dex, Life
Technologies) for 30 minutes, FP signal was measured using
the Beacon 2000 Fluorescence Polarization System (Invit-
rogen). Triplicate FP measurements were scaled to maximal
FP and averaged for each ligand concentration. Dose
response curves for each ligand were generated using
GraphPad Prism using the log(inhibitor) vs. normalized
response curve equation: (Y=100/(1+10"((LogIC50-X)*Hill
Slope)))

Cell viability assay

[0219] MDA-MB-231 and SUM-159-PT cells (n=3x10%)
were seeded in 96-well plates. After culturing in DMEM
with 10% FBS (for MDA-MB-231) or Ham’s F12 with 5%
FBS (for SUM-159-PT), the cells were cultured for 48 h in
charcoal-stripped FBS media (2.5% for MDA-MB-231 or
5% for SUM-159-PT). Cells were treated for 72 h and 96 h
with varying concentrations of paclitaxel (0-100 nM) in the
presence of Vehicle/Vehicle, 100 nM Dex/Vehicle, Vehicle/
104 C297, or 100 nM Dex/1 pM C297. After compound
treatment, cells were fixed in 10% trichloroacetic acid
(TCA) at 4° C. overnight. The sulforhodamine B (SRB)
assay was performed as reported (109). Absorbance at
A=510 nm was measured, and relative percentage dead/alive
cells was calculated based on minimal and maximal optical
densities measured per plate. The experiment was performed
in three biological replicates per cell line. P-values compar-
ing the means of cell death percentages were obtained using
the two-sample Student’s t-test (Graphpad).

Murine TNBC Xenograft

[0220] MDA-MB-231 tumors were established in the right
pectoral mammary gland of n=23 five- or six-week old
female SCID mice (Taconic). Tumor volume was measured
by caliper and then calculated using the elliptical volume
equation (43). When tumors reached a volume of 100-300
mm®, the mice were treated for five days with either 20
mg/kg/day C297 or vehicle one hour prior to 10 mg/kg/day
paclitaxel or vehicle. Tumor volume was measured by
caliper until reaching a volume of approximately 2000 mm?>
or 40 days post-treatment initiation. Tumor data were ana-
lyzed using the repeated measures ANOVA using SigmaPlot
11.2 (Systat Software), and p-values between treatment
groups over time were obtained using the Holm-Sidak
post-hoc test.

Gene Expression Microarray and Analysis

[0221] MDA-MB-231 cells were grown to 80% conflu-
ence in 15-cm dishes in DMEM with 10% FBS. After
culturing cells for 48 h in DMEM with 2.5% charcoal-
stripped FBS, 2x107 cells (per condition) were treated with
either Vehicle, 100 nM Dex +/-100 nM C297 or 100 nM Mif
for 4, 8, and 12 h. Following compound exposure, cells were
washed in PBS, and lysed in RNA lysis buffer (Qiagen)
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overnight at —-80° C. RNA extraction, with accompanying
DNase treatment, was performed using the RNeasy kit
(Qiagen) following the manufacturer’s protocol. A small
sample of each condition was reverse transcribed to perform
Q-RT-PCR as a quality control to test GR-induction of
SGK1 by Dex over vehicle, and inhibition of that induction
by Mif. Duplicate microarray experiments (n=2) for Vehicle,
Dex, and Dex/Mif conditions were performed along with a
single experiment for the Dex/C297 treatment condition.
The University of Chicago Genomics Core facility carried
out the reverse transcription on the samples, followed by
microarray using the Affymetrix Human U133 Plus 2.0
platform. Expression data were normalized using RMA, and
analyzed in R using Bioconductor (110) to determine genes
that were up- or downregulated by =1.3-fold change. A
principal components analysis (PCA) was performed using
the prcomp function in R (Q-mode PCA using singular value
decomposition). Genes became candidates for further analy-
sis when their expression was altered significantly by Dex,
and inhibited commonly by Mif and CORT108297 (within
the same time point as Dex) by at least 25%, in at least one
of two biological replicates. Heatmaps of the n=3,066 Dex-
altered and Mif/C297-antagonized genes were generated
using GENE-E (Broad Institute). Dex-regulated genes were
overlapped with a list of n=5,170 differentially-expressed
tumor-derived genes (in the same direction) from GR-high
versus GR-low BCs (52). Ingenuity Pathway Analysis (Qia-
gen) of the n=462 patient-relevant and antagonist-inhibited
genes was performed to obtain Activation Z-scores of the
most significant Diseases and Biofunctions (cell functions).

GR ChIP-sequencing and analysis

[0222] MDA-MB-231 cells were grown to 80% conflu-
ence in 15-cm dishes in DMEM with 10% FBS, followed by
48 h in DMEM supplemented with 2.5% charcoal-stripped
FBS. Cells (n1=4x10" per treatment condition) were treated
with Vehicle, or 100 nM Dex +/-100 nM C297 or 100 nM
Mif for 60 minutes. Cells were cross-linked with 1% form-
aldehyde, quenched with glycine (final concentration of 1.25
mM), and harvested. After cell lysis with ChIP lysis buffer
(Magna ChIP A Chromatin Immunoprecipitation Kit, EMD
Millipore), cells were sonicated to achieve the majority of
DNA fragments between 200-400 bp. Input samples were
preserved at —80° C. GR was chromatin immunoprecipitated
using 3 pg of ChIP-grade XP (D8H2) rabbit anti-GR anti-
body (Cell Signaling); 3 pg of rabbit IgG (Cell Signaling)
was used for IgG control sample. Following manufacturer’s
protocol, chromatin was eluted from GR ChIP and input
samples. Library build and sequencing was performed at the
University of Oregon Genomics Core facility using the
NextSeq 500 sequencer. Quality control on sequences and
adapter sequencing trimming was performed using Kapa
Biosystems [llumina Library Quantification Kit. ChIP-seq
analysis was carried out using the Galaxy platform (usegal-
axy.org (111)). Briefly, sequences were aligned to the human
genome (version hgl19) using Bowtie, and after PCR dupli-
cates were removed and reads were filtered, peaks were
called using the MACS2 (p-value=0.005 and bw=250). GR
peaks for each treatment were normalized to its own input
control sample. Peaks for Dex, Dex/Mif, and Dex/C297
were then normalized to Veh/Veh using deepTools2 (http://
deeptools.ie-freiburg.mpg.de (112)). Heatmaps of lost and
conserved GR peaks, relative to the Dex GR peak location
were generated using Seqplots (113). Motif analysis of GR
binding regions at transcription factor response elements
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was performed using CentriMO (114). ChlPsecker (115)
was used to annotate peaks to nearest transcriptional start
sites (T'SSs) of genes, as well as to analyze GR peak
enrichment at genomic features both genome-wide and
within 100 kb of a TSS. Selected GR peak locations in hg19
and GR peak maps were also individually analyzed using
Integrative Genomics Viewer, IGV (Broad Institute (116)).
Quantitative real-time PCR

[0223] MDA-MB-231 cells were grown to 80% conflu-
ence in 6-cm dishes in DMEM (10% FBS, 1% penicillin/
streptomycin), followed by a 72 h serum starvation period in
charcoal-stripped DMEM (2.5% charcoal-stripped FBS, 1%
penicillin/streptomycin). SUM-159PT cells were grown to
80% confluence in 6-cm dishes in Ham’s F12 (5% FBS, 1
ng/ml hydrocortisone, 5 pg/ml insulin, 1% penicillin/strep-
tomycin), followed by a 72 h serum starvation period in
charcoal-stripped Ham’s F12 (5% charcoal-stripped FBS,
1% penicillin/streptomycin). Cells were treated with the
following for 4, 8, and 12 -hr: Vehicle (EtOH, 0.2% final
volume), Vel/100 nM Dex, Dex/Mif (100 nM each), or
Dex/C297 (100 nM each). Following treatment, cells were
washed once with PBS and lysed in 500 ul of RLT buffer
(Qiagen) supplemented with 1% 2-mercaptoethanol over-
night at -80° C. Three biological replicates were performed
for each compound treatment per cell line. Total RNA
extraction, with accompanying DNase treatment, was per-
formed using the Qiagen RNeasy kit (Qiagen) following
manufacturer’s protocol. cDNA was then reverse-tran-
scribed from 1 pg of total RNA with Quanta reverse tran-
scription reagents (Quanta Biosciences) using the GeneAmp
PCR 9700 (Applied BioSystems) per manufacturer’s
instruction. PerfeCTa SYBR Green FastMix (Quanta Bio-
sciences) was used to perform quantitative real-time PCR
with the BioRad PCR System MylIQ (BioRad Life Sci-
ences). Following primers were used: RPLPO (housekeep-
ing gene), 5'-GGAGAAACTGCTGCCTCATATC-3' (for-
ward) and 5' -CAGCAGCTGGCACCTTATT-3' (reverse);
SGK1, 5-GGCACCACCAGTCCACA-3' (forward) and
5'-GGCACGCCGGAGTATCT-3' (reverse); DUSP1/MKPI,
5'-CCTGACAGCGCGGAATCT-3' (forward) and
5'-GATTTCCACCGGGCCAC-3' (reverse); GILZ, 5'-ACA-
GGCCATGGATCTGGTGA-3' (forward) and 5'-CA-
GCTCTCGGATCTGCTCCTT-3" (reverse); MCLI, 5'-TG-
GCTAAACACTTGAAGACC-3' (forward) and
5'-GGAAGAACT CCACAAACCC-3' (reverse); NNMT,
5-GAGCAGAAGTTCTCCAGCCT-3'  (forward) and
5'-ACCATTCGATTGTGTAGCCA-3' (reverse). Genomic
contamination control primers for GRIE3 were also used to
assure RNA purity. Fold change was calculated by using the
AACt approach (117); Ct values were first normalized to the
housekeeping gene RPLPO and fold-changes were relative
to vehicle controls. Propagated error (standard deviation) in
fold change was calculated (117) and p-values were gener-
ated with the two-sample Student’s t-test with Welch’s
correction for unequal variances (GraphPad).

siRNA Knockdown

[0224] MDA-MB-231 cells were cultured to 80% conflu-
ence in 10-cm dishes. siRNA knockdown was carried out
using the Smartpool (Dharmakon) of four siRNAs against
either MCL1 or NNMT. Scrambled control pool was used as
well (Dharmakon). siRNAs were introduced into cells using
the RNAimax forward transfection protocol (Invitrogen).
Knockdown efficiency was analyzed by Q-RT-PCR (see
Methods above) normalizing NNMT siRNA pool and MCL.1
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siRNA pool to the Control siRNA pool. After efficient
knockdown (48 h), cells were treated with Veh/Veh, a range
of concentrations (10-100 nM) of paclitaxel +/-~100 nM Dex
for 48 h. Cell death was assessed using the sulforhodamine
B assay (see Methods above). Percentage of cell death was
averaged over three experiments and significance of mean
cell death was analyzed using the Student’s t-test (Graph-
Pad).

Retrospective Analysis of Early-stage ER-negative BC
Tumor NR3C1 Gene Expression Association with RFS in
TNBC Subtypes

[0225] A gene expression database of TNBC gene arrays
was established previously (59, 60). TNBC molecular sub-
types were defined by Pietenpol et al (4). TNBC patients
were classified according to NR3C1 gene expression (Af-
fymetrix probelD 216321_s_at) being in the top quartile of
expression versus all others. The cutoff values were deter-
mined based on all patients in a given group. RFS was
estimated using the method of Kaplan-Meier and compared
between patients in the top quartile of NR3C1 expression vs.
all others using the logrank test. Hazard ratios (HRs) were
estimated using Cox proportional hazards regression mod-
els.

Retrospective analysis of early-stage ER-negative BC tumor
gene expression association with RFS in Discovery and
Validation cohorts

[0226] A subset of n=68 ER-negative BC patients who
received adjuvant chemotherapy from our previously
reported study (52) was used as the Discovery cohort (FIG.
14). The independent Validation set of n=199 ER-negative
BC patients who received adjuvant chemotherapy was also
obtained (60) (FIG. 14). Expression data were processed and
normalized as described in (52) and (118), respectively. The
GR activity signature (GRsig) was defined as the subset of
genes with individual RFS-associated p-value threshold of
p=1x10~° and a HR=1.5 for Dex-induced genes or HR=<0.67
(1/1.5) for Dex-repressed genes. To test the GRSig in both
the Discovery and Validation cohorts, normalized expres-
sion levels of the 74 genes were added (Dex-upregulated
genes) or subtracted (Dex-repressed genes) to obtain GRsig
expressions. Patients were classified as having high GRsig
expression if their GRsig expression was above the median
GRsig expression among all n=354 ER-negative patients.
RFS in each group was estimated using the method of
Kaplan-Meier, and was compared using the logrank test.
Hazard ratios (HRs) were estimated using Cox regression
models.

Example 2

High GR Transcript Associates with Poor RFS
Across TNBC Subtypes

[0227] Unique gene expression signatures, discovered and
refined by Pietenpol and co-workers (3, 4), have allowed
TNBCs to be classified into basal-like 1, basal-like 2,
mesenchymal, and LAR subtypes, collectively named the
TNBCtype-4. In light of our previous finding that high
GR/NR3C1 tumor gene expression from early-stage ER-
negative BC patients associated with poor RFS (52), we
asked whether high tumor GR/NR3C1 transcript expression
retained an association with poor outcome in these defined
TNBC subtypes. A retrospective meta-analysis of gene
expression was performed using n=624 TNBC tumors(59,
60). Kaplan-Meier estimates of RFS in TNBC patients in the



US 2019/0279769 Al

highest quartile of tumor GR/NR3C1 mRNA expression
(versus all others) are shown in FIG. 1 for each of TNBC
subtypes: basal-like-1 (n=171), basal-like-2 (n=76), mesen-
chymal (n=175), and LAR (n=202). We found that high
tumor GR/NR3C1 mRNA expression was significantly asso-
ciated with poor RFS in the basal-like 1 (hazard ratio
[HR]=1.87, p=0.013), mesenchymal (HR=1.65, p=0.040),
and LAR (HR=1.68, p=0.015) subtypes. A non- significant
trend toward high GR/NR3C1 association with poor RFS in
the basal-like 2 was also observed, although the number of
patients in this group was small. Together, these data suggest
that GR expression levels, and by extrapolation, GR activity,
can stratify most ER-negative BC patients.

Example 3

Selective Non-steroidal GR Modulator C297 is
Comparable to Mifepristone in its GR LBD Affinity
and Chemosensitization of TNBC Cells

[0228] We next sought to understand how relatively high
GR transcriptional activity might lead to a chemoresistant
and more aggressive tumor phenotype. We used the agonist
Dex (100 nM) to mimic basally activated GR (by endog-
enous GCs in patients (61). We first performed an in vitro
GR ligand competition assay to choose effective antagonists
for this study. Selective non-steroidal GR modulators aryl
pyrazole azadecalin C297 (58), pyrimidinedione
CORT118335 (C335) (62, 63), as well as the GR/PR ste-
roidal antagonist Mif; all potently displaced fluorescently-
labeled Dex (F-Dex) from the GR ligand binding domain
(LBD) with low nM affinities (FIGS. 7A and 7B). As
expected, we did not observe GC competition using dihy-
drotestosterone (DHT as a negative control). The published
GR modulator Compound A (CpdA), previously shown to
displace H?-Dex in cell lysates (64, 65), did not displace
F-Dex from the GR LBD in our in competition assay (FIGS.
7A and 7B). This implies that regions outside the GR LBD
are required for CpdA action on GR (66). Because C335 has
been reported to also bind the mineralocorticoid receptor
(62, 63), which may be expressed in TNBC (67), C297 and
Mif were selected as the best antagonists available to further
characterize GR transcriptional and functional activity.

[0229] We previously found that treatment with physi-
ological concentrations of GCs decrease TNBC sensitivity
to chemotherapy (41). This suggests that GR activation in
high-GR-expressing TNBCs may contribute to chemo-
therapy resistance in tumor cells where GR is activated by
endogenous cortisol. Indeed, we found that GR antagonism
by Mif could counteract the effects of GC activation on
tumor cell survival and thus increase paclitaxel cytotoxicity
both in vitro and in vivo (43). To determine if non-steroidal
C297 could likewise increase chemosensitivity in GR-posi-
tive TNBC, we first tested C297-altered paclitaxel cytotox-
icity in two cell lines, MDA-MB-231 and SUM-159-PT. We
observed that GC (Dex, 100 nM) dampened paclitaxel (10
nM) cytotoxicity, while the addition of the GR antagonist
C297 (1 uM) caused a modest, but significant, relative
increase in paclitaxel cytotoxicity in vitro (FIG. 2A). As was
seen previously with Mif in ER-negative cell lines (40, 43),
C297 treatment alone did not reduce cell viability in vitro
(FIG. 8A). This suggests that C297 antagonism of GR
increases cell susceptibility to paclitaxel-induced cytotoxic-
ity rather than direct GR antagonist-induced cytotoxicity.
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[0230] Next, we studied the in vivo effect of GR activity
in paclitaxel-treated GR+TNBC-bearing female SCID mice
(n=23). MDA-MB-231 xenograft tumors were established
subcutaneously in the mammary fat pad of 6-week old
female mice. When tumors reached a volume of 100-300
mm?, the mice were randomly assigned to treatment groups
such that each group had an approximately equal average
tumor volume. The mice were treated daily for five days
with intraperitoneally with C297 (or vehicle), one hour prior
to paclitaxel. The one-hour pre-treatment of the GR modu-
lator was intended to compete with endogenous GC (murine
corticosterone and cortisol (68)) bound to the tumor cell GR
LBD. The 5 sequential dosing was selected to mimic an
intensive adjuvant chemotherapy schedule often used in
early-stage TNBC. Following cessation of the 5 d treatment,
time to tumor Xenograft re-growth was measured as a
readout for time to relapse post-treatment (43, 46). Consis-
tent with previous in vivo results with Mif pre-treatment
followed by paclitaxel (43), we observed a significantly
increased time to post treatment tumor re-growth with
C297/paclitaxel compared to treatment with vehicle/pacli-
taxel (FIG. 2B). Similar to the observations in vitro, C297
monotherapy did not cause a significant delay in tumor
re-growth (FIG. 8B), suggesting that GR antagonism alone
is neither cytotoxic nor sufficient to delay tumor progression
in a TNBC model. These data are consistent with C297
increasing chemotherapy sensitivity by reversing GR-medi-
ated expression of genes encoding anti-apoptotic proteins.
These data further suggest that as with the non-selective GR
antagonist Mif, selective GR antagonism can inhibit GR-
mediated chemotherapy resistance both in vitro and in vivo,
thereby delaying the time of tumor re-growth.

Example 4

GR Antagonism Identifies GR-regulated
Transcriptional Pathways Related to
Chemoresistance and Aggressiveness

[0231] Having established that both C297 and Mif dis-
place GC at the GR LBD, increase chemotherapy sensitivity
in the context of GC-activated GR, and also delay tumor
growth in comparison to chemotherapy treatment alone, we
next sought to define which GR-regulated genes were rel-
evant to tumor cell survival. We first used genome-wide
gene expression profiling to identify GC-altered gene
expression. We then used signatures of antagonist-altered
GC-regulated gene expression to determine the subset of
those GR-regulated genes commonly antagonized by treat-
ment with either Mif or C297. Using a GR-induced or
repressed transcript expression cut-off of at least +/-1.3
fold-change over vehicle treatment, GC treatment (Dex 100
nM) resulted in n=2,719 upregulated genes and n=3,202
downregulated genes at 4, 8 and 12 hours combined (FIG.
3A). Markedly fewer genes were altered (in comparison to
vehicle) upon co-treatment with either GR modulator (n=1,
548 upregulated/1,416 downregulated for Dex/Mif, and
n=1,904 upregulated/2,324 downregulated for Dex/C297,
FIG. 3A). Interestingly, about half of the GC-mediated genes
(upregulated: 50%, n=1363; or downregulated: 41%,
n=1321) were unique to Dex treatment (FIG. 9A). A prin-
cipal components analysis of the differentially altered gene
signatures for the three treatments revealed that the Dex/Mif
signatures were more closely correlated with the Dex/C297
signatures than to the Dex signatures at their respective
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timepoints (FIG. 9B). These data imply that Dex/Mif and
Dex/C297 antagonize a GC-induced GR transcript profile
and modulate a common subset of genes.

[0232] We next sought to identify the subset of GR-
regulated genes whose activation or repression was com-
monly antagonized by both C297 and Mif treatment. We
found n=3,066 genes for which both GR modulators antago-
nized GR induction or repression by at least 25% (FIG. 3B,
FIG. 9C). Interestingly, 87% of the GR-regulated genes that
(C297 antagonized were also regulated in the same direction
by Mif, whereas about two-thirds (68%) of the Mif-antago-
nized GR-regulated genes were shared with C297. These
data suggest that Mif is less selective for GR than C297
and/or that Mif is the more potent GR modulator at 100 nM.
Because both Mif and C297 displaced GC at the GR LBD
and enhanced GR+TNBC chemosensitivity in vivo, these
n=3,066 commonly GR-regulated genes were further con-
sidered as candidate GR activity genes relevant to poor
prognosis in ER-negative BC.

[0233] We next used a restrospective meta-anaylsis dataset
of primary early-stage ER-negative tumor gene expression
signatures to identify the subset of the commonly antago-
nized GR-regulated genes (n=3,066 from FIG. 3B) that
might contribute to a higher risk of TNBC relapse. We
previously identified n=5,170 tumor-derived genes that were
differentially expressed in GR-high versus GR-low tumors
from n=354 ER-negative BCs (52). We found n=462 genes
were shared between the n=3,066 genes that were com-
monly antagonized by C297/Mif and the n=5,170 tumor-
derived genes from GR-high versus GR-low primary BCs
(FIG. 3C). These n=462 genes were expressed in the same
direction, i.e., an Dex-upregulated gene was overexpressed
in the GR-high versus GR-low gene list. To better charac-
terize the GR gene expression networks, we performed
pathway analysis on the n=462 antagonist-modulated/tu-
mor-relevant genes from FIG. 3C. Exploring known path-
way functions in cancer cells using Ingenuity Pathway
Analysis (IPA), we found that these GR-regulated genes
were significantly associated with cancer cell survival (inhi-
bition of apoptosis), tumor cell invasion, and epithelial-to-
mesenchymal transition pathways. Shown in FIG. 13, the
combination of a positive or negative pathway activation
Z-score in the GC (Dex) treatment, and a relative dampening
of Z-score magnitude upon the addition of either Mif or
C297, confirmed antagonism of these GR activated and
inactivated signaling pathways. This finding suggests that
antagonized GR network genes contribute to tumor relapse
and chemotherapy resistance through recognized cell viabil-
ity pathways. Moreover, these GR-regulated gene expres-
sion networks are potentially reversible using GR antago-
nists to improve chemotherapy efficacy.

Example 5

GR Antagonism Reduces GR Association at
Promoter Regions

[0234] The subset of putative direct GR target genes
among the n=462 GR-altered/patient-relevant genes from
FIG. 3C was next identified using GC-activated GR chro-
matin association data from MDA-MB-231 cells. To achieve
this, we performed GR ChIP-sequencing in cells treated
with vehicle, GC (Dex), Dex/Mif, or Dex/C297. After
normalizing GR peaks from treated conditions with vehicle,
we found n=8,448 Dex genome-wide GR peaks, n=6,361
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Dex/Mif GR peaks, and n=11,198 Dex/C297 GR peaks
(FIG. 4A, top). When examining Dex genome-wide GR
peaks, we observed that only 7% (n=652) Dex GR peaks
manywere not conserved in the Dex/Mif and Dex/C297
treatments (FIG. 10A). Motif analysis of these peaks was
performed and transcription factor (TF) response elements
(REs) were identified. Shown in FIG. 4B, the most signifi-
cant ligand-bound GR binding regions (GBRs) were found
at GR response elements (GREs), regardless of treatment
condition. Furthermore, we found some common GR enrich-
ment at FOXO and POU REs in all three treatments,
however these REs were much less significant with both
Dex and Dex/C297 treatments compared to the Dex/Mif
treatment. AP1 and ELK REs were only shared between Dex
and Dex/C297 treatments, and were lost with Dex/Mif
treatment. These data suggest that although Mif and C297
have many shared effects on GR-mediated gene expression,
they also appear to alter GR chromatin association in many
distinctive genomic locations.

[0235] While we observed genome-wide relative enrich-
ment of activated GR (upon treatment with GC) within
promoter regions, there was a decrease in relative GR
promoter enrichment (+/-3 kb) upon co-treatment with
either Mif or C297, suggesting that the antagonists prefer-
entially decrease GR association near the TSSs, (FIG. 10B),
while they relatively increase distal GR chromatin associa-
tion at putative enhancer regions. We next annotated GR
peaks to the nearest transcriptional start site (TSS) using a
maximum allowable distance of 100 kB from peak to TSS
(FIG. 4A, bottom). When we limited the GR peak analysis
to peaks within +/-100 kb of the TSS, GC treatment induced
a robust GR enrichment within 1 kb of the TSS, while GR
association in this region was significantly decreased fol-
lowing the addition either GR antagonist (FIG. 4C). This
finding suggests that GR antagonists may function, at least
in part, through preferentially displacing GR from proximal
promoter regions. Interestingly, there is not an overall loss of
GR chromatin association with C297 treatment, but rather a
redirection to new GBRs futher away from the TTS, as
demonstrated by the increase in genome-wide peak numbers
shown in FIG. 4A.

[0236] To identify putative direct GR target genes that are
antagonized in expression by either Mif or C297, we next
determined the subset of n=462 tumor-relevant genes (from
FIG. 3C) with Dex-GR peaks within +/-100 kb of their TSS
(FIG. 4A). We found n=232 putative direct GR target genes
with significant Dex GBRs within 100kb, suggesting either
promoter or enhancer interaction by GC-activated GR.
Indeed, several previously characterized GR target genes
were identified within this list, such as SGK1(69), DUSP1/
MKPI1(70), and GILZ/TSC22D3(71). Additionally, the
n=232 putative direct GR target genes also include those
with known involvement in cancer cell chemoresistance and
evasion of apoptosis (MCL1(72), MUC1(73), GADD45B
(74), DNAIC15/MCI(75)), epigenetic modification and
metabolism (NMMT(76), SLC2A3/GLUT3(77), ACSLI
(78), SP110(79)), metastasis and invasion (CYR61(80),
TGFB2(81), EIF4E(82),F2R/PAR1(83)), angiogenesis
(KDR(84), EIF4E(85), CALDI1(86)), and inflammation
(IL15(87), IL1R1(88, 89), IL7R(90),JRAK3 (91)). We
selected five of these GR target genes (SGK1, DUSP1/
MKP1, TSC22D3, MCL1, NNW and validated antagonist-
modulated gene expression by Q-RT-PCR in MDA-MB-231
or SUM-159-PT cells (FIGS. 11A and 11B). Furthermore,
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individual transient knockdown of two GR target genes of
recent interest in TNBC, MCL1 (72) and NNMT(76, 92), in
MDA-MB-231 cells increased paclitaxel cytotoxicity (FIG.
11C , FIG. 11D). Finally, an examination of GR chromatin
association within 100kb +/-the gene TSS for these n=232
putative direct GR target genes revealed that the majority of
Dex-GBRs were lost upon Mif or C297 treatment (Appen-
dix). These n=232 genes make up gene expression pathways
for which GR appears to be a common TF and for which GR
antagonists reverse GC-mediated gene expression.

Example 6

A GR Activity Signature (GRSIG) has a Stronger
Association with RFS than GR Expression Alone

[0237] We next identified a GC-mediated gene set reflec-
tive of tumor-relevant GR activity and clinical outcome. To
do this, we analyzed the association between RFS and tumor
expression using the n=462 putative indirect and direct GR
target genes from FIG. 3C. Using a Discovery cohort of
n=68 ER-negative BC patients from two studies who
received adjuvant chemotherapy (a dataset we previously
reported (52), FIG. 13), we determined individual gene
association with RFS using a Cox proportional hazards
regression model with continuous expression as a predictor.
Next, we formed a putative GR activity signature (GRsig) by
selecting the most significantly RFS-associated genes using
a stringent cut-off criteria including: RFS-associated p=1x
107°, and a HR=z1.5 for GC-induced genes or HR=0.67
(1/1.5) for Dex-repressed genes (FIG. 5). From this, we
obtained an n=74 gene GRsig (FIG. 14). Of the genes in the
GRsig, about 42% (n=31, FIG. 6A) are putative GR direct
target genes. For these direct GR target genes within the
GRsig, nearly all of the Dex GBRs (within +/-100 kb of
each GRsig gene TSS) was lost upon addition of Mif or
C297 (FIG. 6A bottom, Appendix).

[0238] We then compared RFS between ER-negative
patients with high (above-median of all ER-negative BC
patients) and low (below-median of all ER-negative BC
patients) tumor GRsig expression in the same Discovery
Cohort (n=68) from which the signature was derived. As
expected, patients with high tumor GRsig expression had
worse RFS (HR=8.1; p=2.3x1071° FIG. 6C). To validate this
signature, we examined the GRsig in an external (non-
overlapping) Validation Cohort of n=199 ER-negative BC
early-stage and chemotherapy-treated patients ((59, 60),
FIG. 14). The Cox regression model revealed that patients
with high tumor GRsig expression had significantly shorter
time to relapse compared to those with low GRsig expres-
sion (HR=1.9; p=0.012, FIG. 6D). Interestingly, the GRsig
associated more significantly with poor RFS in the Valida-
tion Cohort compared to NR3C1 alone (supplementary FIG.
12). Taken together, these data imply that a GR signature
derived from antagonizable transcriptional targets is a better
indicator of GR activity than GR expression alone. Sec-
ondly, these data suggest that the GRsig could serve to
stratify high-risk patients for the addition of GR antagonist
treatment to their chemotherapy regimen.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 13
<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 1

LENGTH: 6

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

6xHis tag

<400> SEQUENCE: 1
His His His His His His
1 5

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 2

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 2

ggagaaactg ctgcctcata tc

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 3

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

<400> SEQUENCE: 3

cagcagetgg caccttatt

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 4

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

primer

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

OTHER INFORMATION: Description of Artificial Sequence:

Synthetic

Synthetic

22

Synthetic

19

Synthetic
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-continued

<400> SEQUENCE: 4

ggcaccacca dtccaca 17

<210> SEQ ID NO 5

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 5

ggcacgccegg agtatct 17

<210> SEQ ID NO 6

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 6

cctgacagecg cggaatct 18

<210> SEQ ID NO 7

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 7

gatttccacc gggccac 17

<210> SEQ ID NO 8

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 8

acaggccatg gatctggtga 20

<210> SEQ ID NO 9

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
primer

<400> SEQUENCE: 9

cagctctegg atctgectect t 21

<210> SEQ ID NO 10

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
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-continued

primer
<400> SEQUENCE: 10

tggctaaaca cttgaagacc

<210> SEQ ID NO 11

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 11

ggaagaactc cacaaaccc

<210> SEQ ID NO 12

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 12

gagcagaagt tctccagect

<210> SEQ ID NO 13

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

primer
<400> SEQUENCE: 13

accattcgat tgtgtagcca

20

Synthetic

19

Synthetic

20

Synthetic

20

1. A method for treating a breast cancer patient compris-
ing administering a glucocorticoid receptor (GR) inhibitor to
the patient after the level of expression for at least 2 genes
on Table S2 has been measured from a biological sample
from the patient.

2-133. (canceled)

134. A method for evaluating a breast cancer patient for
GR inhibitor therapy comprising measuring the level of
expression of at least 2 genes on Table S2, Table S3, or Table
S4 and comparing the levels to a control level.

135-146. (canceled)

147. The method of claim 134, wherein the patient’s
breast cancer is determined to be estrogen receptor negative
(ER-).

148. The method of claim 147, wherein the patient’s
breast cancer is determined to be triple-negative breast
cancet.

149. The method of claim 134, wherein the patient’s
sample is determined to be GR positive (GR+).

150. The method of claim 149, wherein the patient’s
sample is determined to have a level of GR transcription that
is higher than a median or average level of GR expression
levels in breast cancer cells.

151. The method of claim 134, wherein the level of
expression of at least 5 genes on Table S2 has been measured
in a sample from the patient.

152. The method of claim 151, wherein the level of
expression of at least 10 genes on Table S2 has been
measured in a sample from the patient.

153. The method of claim 152, wherein the level of
expression of at least 20 genes on Table S2 has been
measured in a sample from the patient.

154. The method of claim 134, wherein the level of
expression of at least 40 genes on Table S2 has been
measured in a sample from the patient

155. The method of claim 134, wherein the level of
expression of 74 genes on Table S2 has been measured in a
sample from the patient.

156. The method of claim 134, wherein the measured
levels of expression are compared to control levels.

157. The method of claim 156, wherein one or more
control levels is the altered expression level from a control
that is a GR antagonist-reversible transcriptional target.

158. The method of claim 156, wherein one or more
control levels is the unaffected expression level from a GR
antagonist-reversible transcriptional target.
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159. The method of claim 158, wherein the level of
expression of a gene from Table S2 is increased compared
to the control.

160. The method of claim 159, wherein the gene is
ABHDS, ACSL3, AP1AR, ASMTL, ATP2BI1, BBSI0,
BOOR, Cl2o0rf29, CCT6A, CDK7, CHMP2B, CRY],
CUL4A, DDXI18, DLAT, EIF3J, ETF1, F2R, HEATR3,
HOMERI1, HPSS, HSPA9, IMPACT, IP07, KCTD3,
LYPLAI, NAPIL1, NOL11, PEX3, PGRMC2, PLCB4,
PRPF39, RABGGTB, RMNDI1, RPL31, SEH1L, SERPI,
SPATASL1, SSB, TCEBI1, TSEN2, USEI, UTPI14A,
WDR43, WNTSA, and/or [[and]] ZNF189.

161. The method of claim any of claims 158, wherein the
level of expression of a gene from Table S2 is decreased
compared to the control.

162. The method of claim 161, wherein the gene is
CACNA1G, CDKN2D, COL4A6, COL7Al1, CORO2B,
CPNE6, DLG4, FGFS, GL12, GRMS, GRMS6, IQCC,
KISS1, LMNA, MAPRE2, MAS1, MUC5AC, NOXS,
POLQ, RRH, SCN3B, SERPINDI, SLC4A4, SSBP3,
SYT1, TBXA2R, TROAP, and/or TYRO3.

163. The method of claim 157, wherein the level of
expression of a gene from Table S2 is similar compared to
the control.

164. The method of claim 134, wherein the patient has not
been administered dexamethasone.

165--202. (canceled)

#* #* #* #* #*



