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Thomas Bayes 1702-1761

REIRBESOWET THET |
BB IC R ADPriceH'H UTZERN

"Essay Towards Solving a

Problem in the Doctrine of
Chances" (1763 )
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CORPORATION F l E I D
OF LONDON

Bunhill Fields originally covered a much Jarger area being

one of three great flelds in the Manor of Finsbury .
From 1315 - 1867 the Corporation of London leased
the fields as a burial ground . No evidence of its
consecration has been found and as few of the
meeting houses in the City had any space for burial
grounds many people famous in Non - Conformist

annals and in liberal humanist circles were burled here .

As a result of overcrowding an order to close
Bunhill Fields was made in 1853 and the final burial
of a fifteen year old girl took place in 1854 .

Since 1847 the Corporation has managed and
maintained these fields as a public open space .

A booklet about Bunhill Flelds can be obtained
from the Park keeper and the City Information
Centre near St Pauls Cathedral .
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Artillery Fields

NOTABLE TOMu.

THOMAS BAYES 1702 - 1761

statistician and friend of Richard Price
W‘:LLIAM BLAKE 1757 - 1827

painter, engraver, poet and tic
JOHN BUNYAN 1628 - :ssam

author of ‘Pilgrims Progress’

THOMAS FOWELL BUXTON 1758 - 1795
antl - slavery philanthropist
CROMWELLS

two tombs bear the family name

DANIEL DE-FOE 1661 - 1731

author of ‘Robinson Crusoe’

LT. GEN CHARLES FLEETWOOD 2-1692
married eldest daughter of Oliver Cromvel!
and fought inThe Civil War

JOHN GILL 1697-1771

author of the 'Exposition of the Bible’ and
the ‘Body of Divinity

JOHN OWEN [616 - 1683

Puritan divine and statesman

RICHARD PRICE 1733 -1791

founder life insurance principles

JOHN RIPPON 1750 - 1836

composer of many well known hymns
ISAAC WATTS 1674 - 1742

writer of many of the best known hymns
in the English Language
SUSANNAWESLEY 1669 - 1742

mother of John Wesley founder of the
Methodist Church

DANIEL WILLIAMS 1643 - 1716

founder of Dr WILLIAMS LIBRARY







NOTABLE TOMu.

THOMAS BAYES 1702 - 1761

statistician and friend of Richard Price
WILLIAM BLAKE 1757 - 1827

painter, engraver, poet and mystic
JOHN BUNYAN 1628 - 1688

author of "Pilgrims Progress’

THOMAS FOWELL BUXTON 1758 - 1795
anti - slavery philanthropist
CROMWELLS

two tombs bear the family name

DANIEL DE-FOE 1661 -173|

author of ‘Robinson Crusoe’

LT. GEN CHARLES FLEETWOOD ?-1692
married eldest daughter of Oliver Cromvel!
and fought in The Civil War

JOHN GILL 1697-1771

author of the ‘Exposition of the Bible’ and
the ‘Body of Divinity”

JOHN OWEN 1616 - 1683

Puritan divine and statesman

RICHARD PRICE 1733 - 1791

founder life insurance principles

JOHN RIPPON 1750 - 1836

composer of many well known hymns
ISAAC WATTS 1674 - 1742

writer of many of the best known hymns
in the English Language

SUSANNA WESLEY 1669 - 1742

mother of John Wesley founder of the
Methodist Church

DANIEL WILLIAMS 1643 - 1716

founder of Dr WILLIAMS LIBRARY
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Bayesian Approaches —REEREC L/’CQDTEQEE%%I
to Clinic_;ll Trials and :;iggg; 5;'-%
Health-Care Evaluation _ZEM

« T T)L—T R

¢ 55@02/\ %ﬁ%ﬁ
David J. Spiegelhalte ¢ 972& 5J&“A1b

Keith R. Abrams _t2|\ljjj)b jJ I\D—
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DIBDEIEH>T?
o EYNENRE

- BEFEMBHRORIFT, DEOBSTATINE
FoHDSRESEDEBEN A hICHTE

— Tnb‘/uﬁJd)/‘é‘%&ﬁ%\észﬁ

« Ex. Cancer, PK, Bayesian CPubMeD Ci&%& 9 D& 21945/
XD w

¢ 5511858
— Continual Reassessment Method"DEWOC
e fICE
— FME5HER
- ZERETEZSUVT




REIBBFE?

What are potential benefits of using
Bayesian methods?
—More Information for Decision Making
—Sample size reduction via prior information
—Sample size reduction via Adaptive Trial Design
—Midcourse changes to the trial design
—Other Potential Benefits

Exact analysis
Missing Data
Multiplicity

FDA CDER, Guidance for the Use of Bayesian
Statistics in Medical Device Clinical Trials
D2.6% (2010)
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K%EE%YT@”bTb°
EBERNSIEE(ex. 50%)

@é BE | .
[Z1E(A,)  FEME(A,) i

N L

4,500 500 | 5,000
oV (H,)
Ahk=%s 1,000 4,000 | 5,000
I8 U(H,)

51 5,500 4,500 | 10,000

REBRDBEDADKEBE(+H) THDIEIEIE.
4500/5500=0.818

REBRDBEEDADKBE(-) THDIEIEIE.
4000/4500=0.889



ANBE2Z2Ed CTRZLUIES?
B RMEVIBS (ex. 0.5%)

RE RE =t
[ZIE(A,) [EME(A,) i
Nl
0 (H,) 45 5 50
N
75 U{H.) 1,990 7,960 | 9,950
£ 2,035 7,965 | 10,000

RERBRDBEDADKIEE(+) THDESS.

45/2035=0.022

RERBRDIZEDADKIERE(-) ThHDEISI.

7960/7965=0.999
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COHLEREREEGU!

EEBENS

Kﬂﬁﬁ(ﬂdbkb‘@é’@ﬁ'&h_ STWNBEIS
4500/5000=0.9
NGE(-)DADEETEMICIZ>TUL\DEE
4000/5000=0.8

B RMEVIBE

NSE(+F) D ADIRERE THRBEICE > TULIEIS
45/50=0.9

NBE(-)DADRETERICTE > TNDEIE
7960/9950=0.8

11



R U SR

o ADRIT SRR
(conditional probability)
DERKBHEECCEDNDD > T\DIBE
IC. BZERHE U TSRADREDER

—BOWEC D IZBEICED DS
SHICADIEE BHESR P(A N B)

PAB = pe)

12



FAERE IR

« IETFIE | P(B)=0DEZTERKNIID
P(A N B) = P(B)P(AB) = P(A)P(B|A)
¢ BRADFICEDIERD
HHOERBICRESNZUE

P(A) = P(AB)
P(A N B) = P(B)P(AB) = P(B)P(A)

13



N4 ZDEIE(Bayes’ theorm)

« ADYEER, H,, H,, ...

ADY

o}?

,HZRERETDE.

BEERORENH, CHDERP(H, A)

l:ijﬁ%’)‘f*i%d)ﬁﬁ

NDIREIEZD
e H, H,, ... Hk7f)‘ CHE
U.. UHk-g‘Ca“/\’C’éD< L/’Cb\%.’ﬂ

P(H,|A) =

H,)Zx >

k. D DOH,UH,

H,)

Z P(H,)P(AH,)

14



FRADIEER

S RUTESR (prior probability) P(H,)
S RIER(posterior probability) p(H. |A)
P(H,)DIEIXEERBVZED THIDIMZE(IS
<. BADERICEDNTERL)

fBROFIBBLUTDEEI,
RADERZS5ZD — N1 ADIE:

|I|n| nlllnl

15



AEEEEMEE

RE RE
(EIE(A,)  EEME(A,)
N
450 (H.) P(A, | H,)
N
75 U(HL) P(A, | H,)
* P(A,|H,)=P(A,|H,)=0.95THN I\
CEDHAFBERCETDCULLRD
« HXE (sensitivity) P(A, | H,)

. 15RE (specificity) P(A, | Hy).



NEEEENRE oo
 BROBIEOR, AIBBICEEL T\
FPOLIANS?  p,)pia )

P(H,|A,) = P(H,)P(A,|H,) + P(H,)P(A,|H,)

o RIRICKIZIBICTER U TUDIESR
P(H,)=0.005(D & &,

P(H,|A,) = 0.005x0.95 - 0.087156
0.005x 0.95 + 0.995x 0.05

P(H,)=0.5D & &,
0.5x0.95

0.5x0.95+ 0.5x 0.05

)

P(H |A,) = 0.95

17



| N o s i h e A e ==
/\H’zz‘aiaﬂstnzl TRE= Jﬂ'\‘l:lfﬁ
EHTEZRDE

1. BERDELBS(ex. 0.5%)ICI3.
BEBFRMEDAD., KBE(+)THDIEISFN))

2. BEENS|\BS(ex. 50%)ICI3.
BREFEDAIE. KIBE(+) THDIEISIIAE)

¥ \ ~EZS 2 )V
I':'/\ \"EA_Q)L_

1. BILSEN RS TRZaXITCH
— Kﬂﬁﬁ(ﬂfﬁ)éﬁ?ﬁilaﬂﬁb\

2. HILBERD'H > TARRZTEOSRITCIRG
— Kﬂaﬁ(ﬂ?@’éﬁ@il&fnb\
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RO EH(update)

. LR
_ ERE

-

‘05%&a®ﬁMﬁ\
°1@c®§@ﬁfﬁé

EVAYANA PR AN

P(H1‘A1) —

VNDICRE

DR O I21BE

DUELEO>TND

SEITERICRD

SI[X

« BIREATCERZEDR. P(H,)=0.087156,
P(H,)=0.91284 - R< &, Kﬂﬁﬁi(ﬂd)ﬁ?ﬁf\z

0.087156x 0.95

= 0.64464

0.087156x0.95+0.91284 x 0.05 19



ERDOEF >o=

- BIRETEMDIE. P(H,)=0.087156,

P(H,)=0.91284 &R &, Kﬂazﬁ?(ﬂd)
ERIBUELIZSD
P(H,)P(H,|A,)
"~ P(H,)P(H, A,)+ P(H,)P(H, A,)
0.087156x 0.05

~ 0.087156x 0.05+ 0.91284 x 0.95
- 0.005

P(H A,

20
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* IDBDRERBROBEOLCE(C, @0

BREZINIEIKIBETEZRNNENDHE
BEHESNdDDH?

« YIC, MOBREINIEIRBECDIR
Ko l‘)‘)\ﬂ?' TNIESRNDD?

|
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4+ B8 A

\\

1;%7!?

=N (= A

(+)= (=)= (-)=(-)—(-)
DHEFS




REBRD

(+)=(F)= ()= (+)— ()

DR




BIFDONT ZDFEE

. ERaDEFIBOBE DA DT

gla)y(D

a)

f(a|D) =

[ glup(D

. L (Likelihood)
P(H,) - g.gﬁ' ER gla) :
gféﬁ}_‘ —)f(a

3
=
._?;
.IIInI

dlinl

u)du
‘-IJ(D I a)luwz_l\ * am_K’rDﬁ\EEa&::

&=L JN -1 u uu;

D) .

X aki
=

NA
2t

i

3t

=\ T
RIS
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HDEE LN )VDODLTHIBHK

¢ DRI TE LS FEDIDDRL AR
— RIFER x DSRIDHDOIRE
h

— D= B(1,1)MOXRX—5D
19(30.5(=a/(a+b)). IEXHHBHHDHD
x*HL - x)*!

[[tra-tyat

B(a,b) = O0<x<1,a>0,b>0



M7 TERAZ7

DD A )DODLTEIREK DO=

1BICE U CEERIRDBSICERDOMIE?
B(1,1)-x x*'(1-x)""

[ B tdu j t>(1- ¢)* du

S&RY19(32/(2+1)=0.66

. UZ/‘\"JZD“E?%W'_{EFKGD S
[CR—5 5 3%’:15?'@’%’)(‘:

— BRDOMHEN—=HDH
L/Z)\L/ IRL_/'U?—jE\AlL.(/\D\

f(x|D) =

= B(2,1)

llinl
iU
dD
=
tl\
Y
=N
J
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N=-D YAy : =g oW P4 “Enc:
Bt JTPRLVNT ASEF
« 2B EEYRIBEDIBSICERDHIL?

FixD) = — B(2,1)- x _ B(1,1)- x? - B(3,1)

[[ea-¢7 tdu [ t71-¢)" t°du

S%YH(3E3/(3+1)=0.75
« 20BN EMR LDIZSICERDHIL?
FlxD) = B(2,1)- (1 - x) _ B(1,1)- x(1 — x)
[ -7 -1-t)du | t7'(1-6) t{1-t)du
= B(2,2)

2% 19132/ (2+2)=0,5
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RAERDONA DT H A~

OIIIII

CRM : 51718

CRM (Continual Reassesment Method)
O’Quigley et al., Biometrics 46:33-48
(1990)

S CE T HERNBERZEMICEST)IVE
=ABHRDEA (STLHEHBIHR=)
DLTREIFRDZ RN A XHTE

BETDIBHUNVDLTEIRR)EHEESND
SHEUNIVOLBICEDNCAZEUNILDRTE
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CRMICRITHRAERMETILE

BSINEZTHEUNILDRTE
vl €XP(3 + a - dose)
DLT%EE’gA PI{DLT% jl] 1+ exp(3 + a - dose)
1000/0 ————————————————————————
B
DLTH IR
ex. 33%

BRSINE RE|IUN
gL~ R




— R+ ZASSMHEESIL,MEBXR
0o\ J DMHIE/IXIW T J JVUJSZH |
« No 5B
185 LI BEODLTRREOEEEHRE L,
ETIL - NSA—HaZz&E R?Ex&@*'é
DLTRIER L DLT%E%
— INSA—=Fah’ X — /1S5 X= S afdi)y
— 8= — BE
DLTHIRR DLTHIRZR
100%1 100%}— = = = = = = = = = = =
S[E: “/K B
0% 0% >
BSINE BEITNRE @A
mELAL m mELAL eV



RERIMETIVE/NDA—-FDSBRIDH

ERIETIV ]SS A =5 aDERIDHAQ)
100%f= = = = = = =.=.m = f(a)
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A8,

o ‘O 0)153 = }er_la*ﬁ1$7:)\\®%|f-:

ICBIRESNDBMTDOEMLUAN)L

- =+=CRM 254
=3 IR —*k

EIR UML)

- AEUANIL

0.05

3537

0.10 0.25 0.35 0.50 0.70
A= (DLTHRIEX)
\— ~CI3FEEF14.15ITR 7

245 R CTHR T I DDIF0.76%

33



KRS U HE

FEKROF

ICEBIRSNDBMTDDESN

= RIMEEFRME

U \BF

2AVZAV1Y

100
90 |
o | ——crm 25m EIRUELY /AN
60 | —a—3pam—r~ AU \
=0 \ |
40 |
30
20
o —-——-—AfA \
0.001 0.01 0.04 0.09 0.24 0.49
FAFEUNIU (DLTHRIEZR)
3613 "h— FCIE¥EH19.26I TR T
24BN CHRR T ITDDIF2.44%
0.49%BABAE U NIVHEBIRESN DIEXRE10.3% 4




RHSURHHE

TRV AERMERDSU G
ICEBIRSNDMTDOSEHELUAN)IL

100

20 ZEIRUIZU
o A=UAN)L ———CRM 256 |

70 —

50 |

40

30
20 |

10
o

0.30 0.40 0.52 0.61 0.76 0.87
REUANIL (DLTHERK)

3% J/R— ~TIIFI7. 1B TR T
SIHCIBI IR — ~TEO0.87%8IRY DiERIF0.0%




JCOG95120D1;

JEINFD AR AmYE
IVEA. REEHI
!

Irinotecan (CPT-11)iv . day 1, 8, 15
Etoposide (VP-16)iv . day 1. 2, 3
Cisplatin (CDDP)iv . day 1

G-CSF 50pg/sqm (1~2pg/kg) FNF : day 5~
COHAEEEZ4ARBIC2I—RAULEHITITD

=lRisfs a8 9 DIFNMimE (NSCLC) [CXITD

CPT-11+ VP-16+CDDP#, E,ﬁh_zb‘l‘jé
CPT-11+VP-16+CDDPOMTD H L V%S

SIEDRBMEBDOFHDB X UDLTDIEEY

1S DRTE




JCOGI95120DF

« HEUNIL
level | 2 3 4 5
CPT-11 40mg/m? 50 50 60 60
VP-16 40mg/m? 40 50 50 60
CDDP 60 mg/m? 60 60 60 60

SERICIIAZEUNIVDHEEGE TERESNTUD

o TEMELIE : SUN)LER{E3HI
e BEUCHE - B1IECRMIC KD,
COREUNILERSTDONXKRRET D




JCOG9512 .

DLTHIRER

1.0 -
0.9
0.8
0.7
0.6 — 90% upper
0.5 — 50% upper
04 mean

— 50% lower
0.3 - — 90% lower

0.2-
0.1-
0.0~

Dose Level




AIDLTHEIFR)

Dose Level

00 01 02 03 04 05 06 07 08 09
DLTHRIFXR




JGE : D)JLU—]L

. RIEASUN)UDBE1E Ul
SUN)U={E35I

. MTDOBEDLTHIEERZ33%¢& L.
IETE/SDLTRIZRROEAFEN'33%ICEEMTL)
J= U N\)U

. Pr[DLTHRIREK>1/2]N'33% KT CHDCEEFR
HE U, 383% U LETHNITIBE LR

. BIMEDHDNEIHIRUZEERNBICKD.
Pr[DLT#I53%>1/2] or Pr[DLTHIREK>1/3]
aZEIC, BEURNEED DD




Level 90% T~ {HI|

50% Il 50% kAl  90% _L4HI

0.8

2.8

8.8
24.3
51.8

4.4 33.1 73.0
10.5 45.7 /7.6
22.9 58.9 81.6
42.9 71.0 85.1
65.4 80.6 88.0

Level 1

2 S

E(DLT H#IRX) 0.217
Pr[DLT F#IRE>1/3] 0.243

Pr[DLT F¥IRZE>1/2] 0.135

| |

| |

[RIERED' 536 FD ]
ICHED T, RIRICESSN
ICAREUANIV

E(DLTHEIRER)N'B3%CHREEL.
Pr[DLT#IR%>1/2]<0.33D L N)b




2 %B%@is %I A

JCOG951
5

—@ @

lags

¢ CRM
e Be3THAY

DEKE/) Grade 4 & FER

GOT, GPT
Grade 3




evel 2(CHIT DE5Y

e Levell C3{d0, DLTEIRIZO0H!

¢ Level2 C3HITS UICHER.
DLTEIEND'1HICEREBINT

Level

E(DLT EIFXR)
PriRIZ=ER>1/3]
PriFEIRER>1/2]

BEERR DY I Level 21151840

2 3
0.221 0.356
0.195 0.542

009 0.037 0.171

1

0.
0.059
0.




JCOG9512

AEUNIUBIDLTRIRRDEER DT
ADLTEIRX)

MTD = 8




JCOG9512

e S

_evel

2 3 4

S

HAfS1E

0.0277 0.0681 0.1602 0.3381 0.5878

Pr[DLT FIR¥>1/2]

0.0000 0.0000 0.0004 0.0468 0.8898

o« CRMMDFERR TIEL, MENICIVEZIYYADZ

. BiFD]

S8
g U

TR CNDIL—)U

CRESDITAEPIE. ex.256l. ETITD

18 UN)VICE

5455 L C7, SEIEHTTBNERATRT

JCOG9512D A ~wEVD -
. FASRIODLTREIERDEED

. (538
oo

.
JL—IU

.

O\ YF ) EDRCELRR
XA+ DELBOLEERTRA LY ITITD

. AEULNILA,STEMOEND I PTHD., CNUERITTE

128 D TAENE LABH TIE< .

KICREDTJEENME

5150




Pat o R V. PanY; o=kl
CRM PESTES |

3B IMR— CRM
MTDDEM LU AJVEDLTRIFRN | MTDOE L AL ZDLTEIZRN
A% ENDSEENZBROFTEE | T%ENDESHREBIRDTIEE

MTDDSHEUNIVICBEEERTETS
D ENHEE

MTD(J &R AHESE LNV EESE
IBICAKES<IKFULCGRIRTD

A - N g —
MTD CHES=NDDIIHEATES6

Bl TUXNILRIZE3BINE

F{RCTRIEBIDERZ1T DD'EH]
ICETE TSR0

MTDODEHUNIVICBEZERET
D ENHTJEE
BEICEVVAEUN)LEMTDE L
CTEIRTD

ﬁ:} =+ Z =IRlMN\= MTDJ.—I-)I:-'HH'IJ
_’/IJUB Q)ﬂ.Lt|7JUJ.J_) 1YL UIR

STNDEIEDH'SEL)
PIFRER>ITUFITIVT, S8l
256 ERDHTHXRN)
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O’Quigeley (2001)

- HIVDDOOFVEREELEMMMESHZRRICEST) VT -5mon
AV ITHFEE L

Cheung and Chappell (2000)

— Time To Event OCRM —AS8ZHE. YTV ITA\DXIm?

Simon et al. (1997)

— Accelerated Titration Design
— http://linus.nci.nih.gov/~brb/Methodologic.htm

Thall and Russell (1997)

- BHEBIEICKDGVHEHDZRE LEWMY - SMZIEFEHTIUELT
WolETH1Y -BODI—F?

Babb, Rogatko and Zacks (1998)

— EWOC (Escalation with Overdose Control)« EG(FD1 TS
— http://sisyphus.emory.edu/ewoc.html
- SABRIC2/VS A —SHDCRM
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CRM: =0 D=6l

ILa8EOBHECMTDES CEMBESIND2T)IL—TH
FEY 25 [ 198

— O'Quigley J, Paoletti X. (2003) Continual reassessment
method for ordered groups. Biometrics. Jun;59(2):430-40.

- 2B OMTDDEICSESRIDTHZEEA
« EMAHERICEEIDIELCFIEICIKOMTDIEDC
DEESNDITIL—THEFET DE 1 185ER

— Satoh T, et al. Cancer Sci. 2011 Oct;102(10):1868-73.
- T —TEX>TEAERRAE — FIIREED
- 3TN —TRIRDHEREZ, L TIHINR— ~TEEID?
SHIBIRICRI I DEEEIIIBFTLUFDED

—- 3T =TZ1DDTEFTILEHTIIHDBDEH. EFERBRE—RDE
WL —=TICEZESINBETI\H'?

- 3T —TZilifs UTE 1 18R Z=E9 D0 SO ILE
SATO=SREDHNZINZ DDDFETEITARED? 48

dlinl



EWOCI32/\ DA —=HI1ZMDT
2R RONITETIVLH TR

/

5—Tw
DBELUANIL

FRISAEL NI HEREULANIL



 CRM:Continual Reassessment Method
— BEEITDI/INSA=SDETIL
— ERDMIELRITT. BEHRSESEHDH
— HBDAEULNILOBHEUNIVOSRFINIEEMICRE DD, K
WESEEICTD v v UGN (ZFOMENHD?)
- BB D CstE CE DD THREBREENS R
« EWOC: Escalation With Over-dose Control
— http:/ /biostatistics.csmc.edu/ewoc/
— EEEDR D2/ X —=FDEFTIL
— EXRDMIE2RITC. 1BEEER
(—RICIIHDBUIEDIEIT : ADOR - YIVIDTDFEER)
— BLOVWBEUNRNIVTETIVIED v v R 3D, HERBEHVD
M CTHEDT—RICHA—=IN=D1vT a1 VTDKR
- ZRITOEDOHINETHEBRETETIEZE<MCMC (Markov
Chain Monte Carlo) CTAEIDCEE




Schema for BATTLE study
SRRMUADRA I P Y

Umbrella protocol

Core needle biopsy

£
5

A
!

E_‘.

Biomarker profile

* EGFR mutation/ Biomarker group
copy number Biomarker 1 2 3 4 5
* KRAS/BRAF mutation EGFR + _ _ _ _
¢ VEGF/V.‘-'—'GFR'2 K-ras/B-raf X + - - -
expression VEGF/VEGFR
% + _ _
« RXRs/Cyclin D1 "
Equal followed by expression and RXR/Cyclin D1 ps % % + -
adaptive CCNDI copy number Percentage 15% | 20% 30% 25% | 10%
randomization

Zhou X, et al. Clin Trials 2008:5:181-93.

Erlotinib +

Erlotinib Vandetanib
bexarotene

Sorafenib

Kim E S et al. Cancer Discovery 2011;1:44-53

©2011 by American Association for Cancer Research CAN C E R D | SCOVE RY
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LIALULLTC 1 1 lc¢ al)

WﬁgL_mﬁl JI==1

N

 The accrual goal was 250 randomized patients to achieve
a sample size of 200 evaluable patients with complete
marker profiles, which would allow an 80% power, with a
20% type | error rate, to identify effective treatments
within each marker group. A high type | error rate
prevented missing any potentially effective treatments
that could be confirmed in larger, future studies (28).

 The primary end point was the 8-week DCR [complete or
partial response or stable disease via Response Evaluation
Criteria in Solid Tumors (RECIST) (29)], which we
compared with the historical 30% DCR estimate in similar
patients (14). Treatment efficacy (a positive finding) was
defined as >0.80 probability of achieving >30% DCR.
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The statistical design was based on adaptive randomization under
a Bayesian hierarchical model that would increasingly assign
patients into treatments with the greatest potential for efficacy
based on individual biomarker profiles (28).

We planned to randomly assign at least the initial 80 patients
equally to the 4 treatments, to allow at least 1 patient in each
marker group to complete treatment, thus providing sufficient
data to estimate the prior probability of DC for subsequent
patients.

Subsequent randomization “switched” to an adaptive algorithm
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week time point (treatment, biomarker group, and 8-week DCR)
into recalculations of the posterior probability of efficacy for
treatments in relation to biomarker groups.

This scheme adapts randomization probabilities for each of the 4
treatments from an equal chance, that is, 25% per treatment, to
chances determined by biomarkers of >25% (high predicted DC)

or <25% (low predicted DC).
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* Bayesian adaptive randomization bases treatment
assignments on accumulating data within the trial,
allowing more patients to be assighed to more
effective therapies and fewer patients to be assigned to
less effective therapies. This “learn-as-we-go”
approach leveraged accumulating patient data to
improve the treatment outcome. This trial design also
allows the suspension of underperforming treatments
in marker groups, as stipulated for our trial if the
probability of a DCR >50% was <0.1 (detailed statistical
assumptions can be found in ref. 28). The study was
not designed to test the efficacy of equal versus
adaptive randomization in improving DCR.
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e After categorization into marker groups, patients were randomly
assigned to 1 of the 4 treatment arms. The initial cohort of
eligible patients was randomly assigned to the 4 arms without
regard to their respective marker groups (except for patients who
had prior treatment with erlotinib, who were excluded from the
2 erlotinib-containing arms). These patients were assessed for
associations between their marker groups and DC, giving a
“prior” probability of the DCR for a given treatment in a given
marker group.

e Patients enrolled after the initial cohort were randomly assigned
to treatment according to a Bayesian adaptive algorithm, which
incorporated the prior probability and DC data into a
“posterior” probability of the DCR for a given treatment; the
resulting posterior probability was continually updated per
accumulating data on the associations between the DC and
biomarkers of patients.
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CONSORT diagram of the BATTLE study

Not randomized
n==86

Total registered
n =341

Intercurrent illness — 29
Worsening overall condition — 22
Not biopsied — 17

Alternative treatment — 18

Total randomized

n=255
Equal randomization Adaptive randomization
n=97 n=158
| |
I I I | I | | I
Erlotinib Vandetanib Erlotinib + Sorafenib Erlotinib Vandetanib Erlotinib + Sorafenib
bexarotene bexarotene
n=25 n=23 n=21 n=28 n=34 n=31 n=16 n=77
neval =25 neval =23 neval =21 neval = 26 neval =33 neval =29 neval =15 neval=72
By marker group By marker group
EGFR: 8 16 11 10 EGFR: 9 11 9 13
KRAS/BRAF: 7 1 P 7 KRAS/BRAF- 5 7 1 12
VEGF: 10 2 3 5 VEGF: 15 14 0 34
RXR/CycD1: 1 0 1 3 RXR/CycD1: 0 1
None: 4 4 4 6 None: 4 5 12
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Major efficacy results of BATTLE study

A 10+
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* erlotinib plus bexarotene in retinoid
X receptor (RXR)/Cyclin D1I3HAfF L
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Table 2. Eight-week disease control status by treatment and marker groups

Number of patients with disease control / total number of patients (%)

Treatment
Marker group Erlotinib + Total
Erlotinib Vandetanib bexarotene Sorafenib

EGFR 6/17 (35% 11727 (41%)® 11720 (55%)° 9/23(39%) 37/87 (43%)
KRAS/BRAF 1/7 (14% 0/3 (0%) /3 (33%) 11/14(79%)° 13/27 (48%)
VEGF/VEGFR-2 10/25 (40% 6{16{38%] 0/3  (0%) 25/39 (64%)° 41/83 (49%)
RXR/Cyclin D1 0/1 (0% 0/0 A) 1/1 (100%) 1/4 (25%) 2f6  (33%)
None 3/8 (38% 0/6 .:.] 5/9 (56%) 11/18(61%) 19/41 (46%)
Total 20/58(34% 17/52(33%) 18/36 (50%) 57/98 (58%) 1127244 (46%)
*Cells showing effective treatments within specific marker groups defined as the probability of DCR given data is 80% or greater. Only 1 patient in the RXR/
CycD1 marker group received erlotinib + bexarotene.
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Alexander, et al. Neuro Oncol. 2013 Aug;15(8):972-8

 Asimple example of an adaptive trial is
represented by an interim analysis with a stopping
rule based on frequentist criteria, while a more
complex adaptive trial may include a multi-arm
adaptively randomized design based on Bayesian
predictive probabilities that incorporates
biomarker data and attempts to match patients
with therapies.

e The I-SPY 2 study in breast cancer and the
Biomarker Approaches of Targeted Therapy for
Lung Cancer Elimination (BATTLE) study for non—
small-cell lung cancer are 2 examples of the latter.

— http://ispy2.org/




Comparison of the I-SPY 2 trial with a standard approach.

Genetically Informed Clinical Trials

Traditional Trial
* = . -J

1 box = 10 random Phase Il 60 patients
patients

v

Personalized Trial
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1 box = 10 genetically -
screened patients |l L AU

Partial confirmation Phase Ill 300 patients/drug

paired to potential
drug
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Berry, et al. Clin Cancer Res. 2012 Feb 1;18(3):638-44
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