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¢ Bevacizumab (I¥F%GHI? EITETER?

¢ BERTLHREEES

R THPFSAMR
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¢ FDAAPFSIZE D NTHHERZEL-EH
gemcitabine in ovarian cancer
sorafenib in advanced renal cancer

bevacizumab in metastatic breast cancer

rituximab in Non-Hodgkin’s lymphoma

?

Guidance for Industry: Clinical Trial Endpoints for the Approval of
Cancer Drugs and Biologics, May 2007



Phase 11l trial of 1st-line bevacizumab

in MBC (E2100)

Paclitaxel (n=350) PD*

28-day cycle:
Paclitaxel 90mg/m? D1, 8 and 15
Bevacizumab 10mg/kg D1 and 15

Previously
untreated MBC
(n=715)
Paclitaxel +
bevacizumab

10mg/kg every
2 weeks (n=365)

Stratify:
e Disease-free interval <24 vs >24 months
e <3 vs >3 metastatic sites
e Adjuvant chemotherapy yes vs no
e ER+ vs ER- vs ER unknown

Miller et al ASCO 2005



AVADO: double-blind, placebo-controlled
trial

Previously

Possible

Treat
open-label

untreated Docetaxel* + plg;tehbo EvEGT T AT

LR or mBC placebo 3w x9 to PD or tgﬁF;Er) All patients
(N=736) unblind . given option
Stratification factors to receive
« Region Docetaxel* bevacizumab

* Prior taxane/time to +bevacizumab with
relapse since 7.5mg/kg gq3w x9 Treat second-line

adjuvant with chemotherapy
bevacizumab

chemotherapy Docetaxel* to PD
* Measurable disease + bevacizumab
e Hormone receptor 15mg/kg q3w x9

status

® Primary endpoint: PFS

® Secondary endpoints: ORR, 1-year survival, OS, TTF,
duration of response, quality of life, safety

*Docetaxel: 100mg/m? q3w Miles DW, et al. ASCO 2008



RIBBON-1: Study Design

Previously
untreated MBC CHOICE OF »
(n=1237) CHEMO -
o Chemo +
Stratification Capecitabine H bevacigzumab Optional
Factors: o] gqow :
— 2"d-line Chemo
- Disease-free -> Taxane = o
interval or 8 Chemo + bevacizumab
- Previous adjuvant Anthracycline > placebo
chemotherapy < q3w
« Number of e

metastatic sites

- Cape, T or Anthra

 Capecitabine (1000 mg/m? BID x 14d)

» Taxane (docetaxel g3w or protein-bound paclitaxel q3w)
» Anthracycline-based chemotherapy (AC, EC, FAC, FEC)
 Placebo or bevacizumab (15 mg/kg q3w)



Avastin in 1st line setting for MBC
RIBBON-14 | RIBBON-14

E210012 | AVADO?

Trial Cape cohort AIT cohort
(n=722) (n=736) (n=615) (n=622)
FEESU No Yes Yes Yes
controlled
Chemo Wefekly Q3w Capecitabine Anthracycline
Paclitaxel Docetaxel or Taxane
Dose of 7.5 0r
Avastin 10mg/kg g2w 15ma/kg q3w 15mg/kg g3w  15mg/kg q3w
Primary PFS PFS PFS PFS
Endpoint
IRF* :
: Retrospective Yes Yes Yes
review

*IRF:Independent Review Facility

1 Robert Gray et al. J Clin Oncol 2009; 27:4966-4972.2Kathy Miller et al. N Engl J Med 2007; 357:2666-76
3 Miles D et al. SABCS2009 abstr#41.

4N. J. Robert et al. ASCO2009 abstr#1005



Avastin in 1st line setting for MBC

<Efficacy>
£210012 RIBBON-14 | RIBBON-14
s Cape cohort A/Tcohort
(n=722) (n=615) (n=622)
Paclitaxel Docetaxel Docetaxel Cape Cape AIT AT
arm Paclitaxel + + + + + + LBV
BV PL BV* PL BV PL
e 5.8 11.3 8.2 10.1 5.7 8.6 8.0 9.2
(m)
HR 0.48 0.77 0.69 0.64
P<0.0001 P=0.0061 P=0.0002 P<0.0001
RR 22% 49% 46% 64% 24% 35% 38% 51%
P<0.0001 P=0.0003 P=0.0097 P=0.0054
oS
(m) 25.2 26.7 31.9 30.2 21.2 29.0 23.8 25.2
HR 0.88 1.03 0.85 1.03

1 Robert Gray et al. J Clin Oncol 2009; 27:4966-4972.2Kathy Miller et al. N Engl J Med 2007; 357:2666-76
+B : b15ma/ka a3 3 Miles D et al. SABCS2009 abstr#41.
evacizimabLomgikg gaw 4N. J. Robert et al. ASCO2009 abstr#1005,



ASCO2010 LBA1l Burger et al.

Phase 111 trial of bevacizumab (BEV) in the primary treatment of advanced
epithelial ovarian cancer (EOC), primary peritoneal cancer (PPC), or
fallopian tube cancer (FTC): A Gynecologic Oncology Group study.

GOG-0218: Schema

l l I H I W Carboplatin (C)AUC 6

: -\' | Paclitaxel (P) 1775 mg/m?
Front-line: 11010 (F) 9

Epithelial OV, PP
L

HHII

« Stage lll optimal
(macroscopic)

= Slage lll
suboptimal

+ Stage IV

mMN-Z200Z2p3

n=1800 [planned)

I I ! I I ] Carboplatin (C)AUC 6

- GGG performance status n Paclitaxel (P) 175 mgim?
“—;}E.\ a8 il i A

« Stage/debulking status  BEV15mghkg

L . .
¥ B i

O f"nb{_,@ 1"””“”[ 10 Cytotoxic Maintenance

Stratification vanabies

ut‘m!_

(6 cycles) (18 cycles)

TRERY 03:13/14:18 =8 m

®



ASCO2010 LBA1 Burger etal.

GOG-0218: Investigator-Assessed PFS

A | m Arm i
[ + RE CF + BEV — BEW

[M=ETE) =g L | =a2E)|
423 418 1e0

(67.T) (66.9) (57.8)

Madian PFES, manlhs 10.3 i > 141

Stratified anahysis HR 0.508 omT
95% CI) (0. 7T55=1.040) (0.625-0.824)

Patients with avert, n (%)

e 2 9 =
= 0 W O
T T |

One-mided p-vaiue (log ramk) 0G50 =0.0001°

e @ 8 o
[ 5 I ™ I - ]
N I S |

|

+BEY - BEV maintenamas (Arm 1)

e
L

Proportionsurviving progression lree

] ] ] ] I 1 1 1
12 24
Months since randomization

ASCE®) Annual ‘10

"'-.-1::r|:1r1g

=

10:48/14:18 ) =




ASCO02010 LBA1 Burgeretal.

GOG-0218: Overall Survival Analysis

At time of final PFS analysis

1.0 -
0.9 -
0.8 -
0.7 4
06 -

Tl
0.5 1 |'n$!ll
04 4 Fabents with 156
svents. n (%) (25.0)
0.3 4 bledian, months 353
024 wms

(8% L]

Proportion alive

0.1 4 One-sided p-ealug

0 T T L L
0 : 24

Months since randomization

L |

No_ &
Tk et AP AP S Fr LR <y 1T A5

ASCE® .""LI{.ITIJB[_.]Q:‘.'
. leeting

|~ *Siranfied analysis
) " A nm 4 1Z22114:08 1y =




ASCO2010 LBA1 Burgeretal.

G0OG-0218: Conclusions

GOG-0218 met the primary objective in the front-line treatment of
advanced ovanan (epithelial OV, PP and FT) cancer; PFS with
CP + BEV — BEV maintenance (Arm lll) statistically supenor to CF
alane (Arm 1)

— PFSwith CP + BEV (Arm Il) not statistically superior to CP (Arm |)
Interpretation of survival analysis limited

lreatment regimen generally well tolerated; adverse events
(including Gl perforation) similar to previous BEV studies

BEV — first molecular targeted and first anti-angiogenic agent to
demanstrate benefit in this population

CP + BEV — BEV maintenance should be considered one standard
option

. ey Annual ‘10
Q ASCE Meeting
:"‘*-_:

{ J

m i« 14:01/14:18 ) =




ASCO2010 LBA1 Discussion to Burger et al.

Hazard Ratios of PFS vs. OS:

Data from Platinum-based Chemotherapy Trials
in Advanced QVCA

ol
il

| IS5FFR—2DILEEE

= TIXPFS[FOSHRWYAS—F \
e - . 2 o | Lineof ||
identity
7y h
o =
o — . - |
= Linear Regression
5 INHR_.=1.01*INHRpe=-0.006 |
=] . R2=0.91
=
o |
= - . J
0.6 0.7 08 08 10 1.1 1.2

PFS




ASCO2010 LBA1 Discussion to Burger et al.
Hazard Ratios of PFS vs. OS:

Data from RCTs of Bevacizumab in Other Solid Tumaors

1.1

1 0S improvement at
least 2 months /less
than that for PFS

1.0

Lb\LBevacizumab'G“ld:l- X

. E

s e~ -
) I
&8 S /
L ]
- | Linear Regression |
INHR__=0.67*InHR,<+0.09 |
© R:=0.61 |
5 a
a5 e oT g c.a a i

=1
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ASCO2010 LBA1 Discussion to Burger et al.

Cost-Effectiveness:
Focusing on Drug Only

Drug costs major (~75%) contributor to mferail m::rementai cost
in recent analyses of

"Back of Envelop = 7 & |~0) ﬁ:ﬁ iEEE
Median Arm [ll beva

Efficacy as of today: 3.8 mo med. PFS gain (unknown OS gain)
= US $229,187 | yr of progression free survival gained

Calculation sensitive to denominator (increase in PFS or OS)

Use of bevacizumab for progression free survival gain
reported to date is unlikely to be considered cost-effective
in many jurisdictions.

' * 15mg/kg per cyde, median 14 cycies, cost $5.76/mg, assume average wt of 60 kg

| B E 13151541 o f m




Burger et al.
NEJM 2011; 365:
2473-83.

Perren et al.
NEJM 2011; 365:
2484-96.

ORIGINAL ARTICLE

Incorporation of Bevacizumab in the
Primary Treatment of Ovarian Cancer

Robert A. Burger, M.D., Mark F. Brady, Ph.D., Michael A. Bookman, M.D.,
Gini F. Fleming, M.D., Bradley J. Monk, M.D., Helen Huang, M.S.,
Robert S. Mannel, M.D., Howard D. Homesley, M.D., Jeffrey Fowler, M.D.,

Benjamin E. Greer, M.D., Matthew Boente, M.D., Michael J. Birrer, M.D., Ph.D.,

and Sharon X. Liang, M.D., for the Gynecologic Oncology Group*

ORIGINAL ARTICLE

A Phase 3 Trial of Bevacizumab

in Ovarian Cancer

Timothy J. Perren, M.D., Ann Marie Swart, M.D., Jacobus Pfisterer, M.D.,
Jonathan A. Ledermann, M.D., Eric Pujade-Lauraine, M.D., Gunnar Kristensen, M.D.,
Mark S. Carey, M.D., Philip Beale, M.D., Andrés Cervantes, M.D.,
Christian Kurzeder, M.D., Andreas du Bois, M.D., Jalid Sehouli, M.D.,
Rainer Kimmig, M.D., Anne Stéhle, M.D., Fiona Collinson, M.D.,
Sharadah Essapen, M.D., Charlie Gourley, M.D., Alain Lortholary, M.D.,
Frédéric Selle, M.D., Mansoor R. Mirza, M.D., Arto Leminen, M.D.,

Marie Plante, M.D., Dan Stark, M.D., Wendi Qian, Ph.D., Mahesh K.B. Parmar, Ph.D.,
and Amit M. Oza, M.D., for the ICON7 Investigators®
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Burger et al.
NEJM 2011; 365:

2473-83.

PFSO B E ISRk

A Primary Analysis

.. ASCO%*3*

placebo

Control
—— Bev initiation

—— Bev throughout

CP + bev
or placebo
l,[}—l 1l
s 0.97 i
g 08
Bs 077 |
&5 06 ;
= !
£5 05 |
2o 0.4 |
c g 5
g= 034
5 0.2 i
a !
e 0.1 ;
o i
0.0 I —
0 2 4 6
No. at Risk
Control 625

Bev initiation 625
Bev through- 623
out

T T T T T 1T T T T T T T T T 1
8 1012 14 16 18 20 22 24 26 28 30 32 34 36

Meonths since Randomization

199 33
219 29
254 38

o

. 2N
B Analysis as of August 26, 2011 E Eﬂ]‘
CP + bev Bev or ]L
or placebo  placebo
[ |
S 1.0 Control
o 0.9+ ! L
B 0.84 . —— Bev initiation
g"ﬁ 0:7_ —— Bev throughout
&3 06 ;
£ 3 0.5+ !
0 : :
29 0.4+ | |
cég i :
- |
& 0.2 ! H
o ' !
g 0.1 ; ;
o : i
00— T T T T T T T T T T T T T
0 2 4 6 88 1012141618 2022 24 26 28 30 32 34 36
Months since Randomization
Mo. at Risk
Control 625 535 283 169 133 78 49
Bev initiation 625 552 319 190 121 67 40
Bev through- 623 559 386 256 162 97 56
out
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Burger et al.
NEJM 2011; 365:
2473-83.

OSHIELL 1 F6E

A Analysis at Time of Primary Analysis

Proportion Surviving

No. at Risk
Control
Bevacizumab
initiation
Bevacizumab
throughout

1.0

=
0.9 my,
0.8 Wm
S,
0.7 o
0.6 T, :
0.5 R l'LuHu]q -
o et
0.4 e
’ No. of Events (%) ol
0.3+ Control 156 (25.0)
0.2+ Bevacizumab initiation 150 (24.0)
0-14 Bevacizumab throughout 138 (22.2)
0.0 I I I I I T T 1
0 6 12 18 24 30 36 42 43
Months since Randomization
625 442 173 46
625 432 162 39
623 437 171 40

B Analysis as of August 26, 2011

Proportion Surwviving

No. at Risk
Control
Bevacizumab
initiation
Bevacizumab
throughout

10—, -
B =
0.5 ""‘.-h-.‘\. ., E ED]-\
0.8+
0.74
0.6
0.5
0.4
No. of Events (%)
0.3 Control 298 (47.7)
0-24 Bevacizumab initiation 308 (49.3)
0.1+ Bevacizumab throughout 269 (43.2)
0.0 T T T T T T T 1
0 6 12 18 24 30 36 42 43
Months since Randomization
625 595 558 506 446 322 200 116 36
625 598 557 436 440 304 191 108 54
623 587 561 519 463 321 201 114 62
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Perren et al.
NEJM 2011; 365:

Bl N —REAPFSTHRILLELY

2484-96.

A Progression-free Survival

PFS

B Difference between Bevacizumab and Standard Chemotherapy

in Progression-free Survival

> N3
100 —
3 NHF—RDE
b=y 20
-E 754 Bevacizumab '}:i %:n‘
g g *
& -, e
& 509  standard chemotherapy g K
E &3
_§ o .2 0
3 25 =t
L »
E § Kaplan—Meier difference
< 0 | | | | | | | | | | g:-“- -107 — Smoothed difference
0 3 6 9 12 15 18 21 24 27 30 o ————. 95% C
Months since Randomization -20 T T T T T T T T T T
. 0 3 6 5 12 15 18 21 24 27 30
No. at Risk ) L
Standard chemo- 764 693 464 216 91 25 Months since Randomization
therapy
Bevacizumab 764 715 585 263 73 19
C Progression-free Survival in Patients at High Risk for Progression D Overall Survival O S
__ 100~ S(_EUXO) 100
& P F =1 “""'-—--._‘__ Bevacizumab
= y,
2 75 75 T
[ \ . —_— ‘-\"-\—
g Bevacizumab 9
3 ‘q.\ = Standard chemotherapy
& 50 A S 50
- <
<] 3
= el (7]
3 25+ Standard chemotherapy * - 25
v
2 -
<
0 T T T T T T T T T 1 0 T T T T T T T T T 1
0 3 6 9 12 15 18 21 24 27 30 0 3 6 9 12 15 18 21 24 27 30
Months since Randomization Months since Randomization
No. at Risk No. at Risk
Standard chemo- 234 205 98 36 14 2 Standard chemo- 764 724 652 368 159 i3
therapy therapy
Bevacizumab 231 213 159 56 10 1 Bevacizumab 764 737 678 404 162 40
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Perren et al.
NEJM 2011; 365:

N R TIEOSIZHE

2484-96.

A Updated Data, Progression-free Survival

.

£ ] SiE B

2 PFSJiE

=

2 75 Bevacizumab

g

§ 504 Standard

'é chemotherapy

-

Z 254

o

=

=

0 N S N SR S S SR B Y S —
0 3 6 9 12 15 18 21 24 27 30 33 36
Months since Randomization

No. at Risk
Standard chemo- 764 693 474 350 221 114 39
therapy
Bevacizumab 764 716 599 430 229 107 27

B Updated Data, Progression-free Survival in Patients at High Risk
for Progression

-~ [
—_— =
g 1] PFS1EHR ()
8
Q 75
gn Bevacizumab
a5y Standard
'é chemotherapy
=
= 25+
o
=
=
0 T T 1 T T T T T T T 1
0 3 6 9 12 15 18 21 24 27 30 33 36
Months since Randomization
No. at Risk
Standard chemo-234 205 100 63 30 13
therapy
Bevacizumab 231 213 163 94 35 13

C Updated Data, Overall Survival

OS;E i

Bevacizumab

Standard
chemotherapy

100
754
=3
_g 504
=
-
wv
25
0 T T T
0 3 6 9
No. at Risk

therapy
Bevacizumab

T T T T T T T T T 1
12 15 18 21 24 27 30 33 36 39
Months since Randomization

Standard chemo- 764 741 724 703 672 646 623 542 421 304 212 132 71 26

764 753 737 717 702 680 657 592 459 329 228 129 69 19

D Updated Data, Overall Survival in Patients at High Risk
for Progression

100
Bevacizumab
754
&
2 504 Standard
z chemotherapy
I
254
0 T T T T T T T T T T T 1
0 3 & 9 12 15 18 21 24 27 30 33 36 39
Months since Randomization
No. at Risk
Standard chemo- 234 226 219 208 194 175 166 137 107 67 46 25 15 6
therapy
Bevacizumab 231 227 222 214 208 199 186 164 134 94 65 31 18 4

A7)

OS:EHf (B RY
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Bevacizumab Beyond Progression? (BRITEf

Grothey Aetal. JCO 2008; 26:
H 1T THBevacizumabZ ¥ 5 L1-;

5326-34.

FTIEPRARL

Treatment by.indication?

1007 h\\\

E 810 \\\

g . Beva
= B4

E M‘—*—;

3
&9 ﬁ"“ﬂ.,‘
= 404 “ta

E
5 20 - Postprogression therapy

Mo trestment
= Mo BEBP
==HBF
1 I ) 1 I
Q b 10 15 20 25
Survival Beyond First Progression (months)
Mo post-
] progression
All patients  trestment o BBP BEF
(M =1953) in= 253} {n =531} in=842)

Mumber of deaths 932 168 305 260

Percent 4r.7 65.4 L748 40.5
1-year survival rata, % 4.7 525 773 17

s 72710767 46210538 TiTtoB09 A852to90.3
Madian survival beyond first 12.0 36 a5 19.2

progression, months

=
SR C

11.1t013.3

Fig2B

27t0d3 BAtx11.2 16.8to 20,79
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ASCO2012 #3504

Bevacizumab (BEV) plus chemotherapy (CT) continued
beyond first progression in patients with metastatic
colorectal cancer (MCRC) previously treated with BEV
+ CT: Results of a randomised phase 111 intergroup
study — TML (ML18147)

D Arnold!, T Andre?, J Bennouna3, J Sastre4, P Osterlund®, R Greil®
E Van Cutsem’, R von Moos?, | Reyes-Rivera®, B Bendahmane!®, S Kubicka!!

on behalf of the AlIO, GERCOR, FFCD, UNICANCER GI, TTD, BGDO, GEMCAD and AGMT groups

Hamburg, Germany; 2Paris, France; 3Nantes, France; “Madrid, Spain
SHelsinki, Finland; 8Salzburg, Austria; ‘Leuven, Belgium; 8Chur, Switzerland °South
San Francisco, USA; °Basel, Switzerland; 'Reutlingen, Germany

Annual 12
Meeting

p 2012 ASCO Annual Meeting. Presented data is the property of the author. ASC@



ASCO02012#3504

ML18147 study design (phase lll)

Standard second-line CT
\ (oxaliplatin or irinotecan-
based) until PD

(

BEV + standard
first-line CT (either

oxaliplatin or —»| PD Randomise 1:1
irinotecan-based) BEV (2.5 mg/kg/wk) +

— T standard second-line CT
\_ UREZY -/ _ C_T SWItC_h' (oxaliplatin or irinotecan-
Oxaliplatin — Irinotecan based) until PD

Irinotecan — Oxaliplatin

Primary endpoint e Overall survival (OS) from randomisation
Secondary endpoints * Progression-free survival (PFS)
included * Best overall response rate
o Safety
Stratification factors - First-line CT (oxaliplatin-based, irinotecan-based)

« First-line PFS (€9 months, >9 months)
- Time from last BEV dose (€42 days, >42 days)
« ECOG PS at baseline (0/1, 2)

Study conducted in 220 centres in Europe and Saudi Arabia



ASCO0O2012#3504

Statistical considerations

® Study initiated as AIO KRK 0504 then transferred to Roche
(after enrolment of 261 patients)

— Primary endpoint changed from PFS to OS

— Sample size increased from 572 to 810 patients

® Designed to detect 30% (HR 0.77) improvement in median OS
(90% power, 2-sided 5%)

— 613 events required for analysis

® OS curves estimated using Kaplan—Meier method, differences
assessed using unstratified log-rank tests

— Unstratified Cox regression model used to estimate HR for OS

— Stratified log-rank tests and Cox regression analyses used as
supportive analyses



ASCO02012#3504

OS: ITT population

1.0 - — CT (n=410)
— BEV + CT (n=409)
0.8 -+
o Unstratified® HR: 0.81 (95% CI: 0.69-0.94)
T 06 - p=0.0062 (log-rank test)
E .
s k- ' Stratified® HR: 0.83 (95% CI: 0.71-0.97)
|
$ 0.4 . p=0.0211 (log-rank test)
@) 1
11
0.2 -
I 1
9.8 Mo 1 1 11.2 mo
0 , | | | | _'I_'#_I
0 6 12 18 24 10) 36 42 48
No. at risk Time (months)
CT 410 PASK 162 51 24 7 3 2 0
BEV + CT 409 328 188 64 29 13 4 1 0

Median follow-up: CT, 9.6 months (range 0-45.5); BEV + CT, 11.1 months (range 0.3-44.0)

aPrimary analysis method; PStratified by first-line CT (oxaliplatin-based, irinotecan-based), first-line PFS (<9 months, >9 months), time from last dose
of BEV (=42 days, >42 days), ECOG performance status at baseline (0, 21)



ASCO02012#3504

PFS: ITT population

— CT (n=410)
— BEV + CT (n=409)

1.0

0.8

= Unstratified® HR: 0.68 (95% Cl: 0.59-0.78)
g 067 p<0.0001 (log-rank test)
3 I Stratified® HR: 0.67 (95% ClI: 0.58—0.78)
E e : p<0.0001 (log-rank test)
|
|
0.2 :
|
4.1 mo,
0] ] 1
0) 6 12 18 24 30 36 42
No. at risk Time (months)
CT 410 119 20 6 4 0 0 0
BEV + CT 409 189 45 12 ) 2 2 0

aPrimary analysis method; PStratified by first-line CT (oxaliplatin-based, irinotecan-based), first-line PFS (<9 months, >9 months), time from last dose
of BEV (=42 days, >42 days), ECOG performance status at baseline (0, 21)



Best overall response:

ASCO0O2012#3504
Measurable disease

population
CT BEV + CT

Qutcome (n=406) (n=404)
Responders?, n (%) 16 (3.9) 22 (5.4)

p-value (unstratified) ORCHN

p-value (stratified) 0.4315
Complete response, n (%) 2 (<1) 1(<1)
Partial response, n (%) 14 (3) ANG)
Stable disease, n (%) 204 (50) 253 (63)
Disease control rate, n (%) 220 (54) 275 (68)

p-valueP <0.0001
PD, n (%) 142 (35) YAvY)
Missing¢, n (%) 44 (11) 42 (10)

@Patients with a best overall response of confirmed complete or partial response

bThis analysis was not prespecified

°Includes ‘not-evaluable’ or ‘no tumour assessment’ following baseline visit



ASCO02012#3504

Treatment duration: Safety population

B CT (n=409)
B BEV + CT (n=401)

B
(4]
I

3.9 3.9

w
(&) S
I I

w
I

Median treatment duration (months)
- N
- o N o

o
(&)
I

(=]

BEV Oxaliplatin Irinotecan Capecitabine 5-FU bolus 5-FU
continuous

Duration from randomisation (ie first study drug) until discontinuation of all study drugs
was 3.2 months for CT and 4.2 months for BEV + CT



ASCO0O2012#3504

Overview of adverse events: Safety population

CT BEV + CT
Patients, % (n=409) (n=401)
Any AE 99 98
Serious AEs 34 32
Grade 3-5 AEs 58 64
Grade 5 AEs? 3 3
Discontinued any treatment due

9 16
({OAY=ES
Discontinued CT due to AE 9 13
Discontinued BEV only due to AE N/A 2

aPD leading to death captured for some patients as grade 5 AE; these events were excluded from this summary
AE: adverse event



_ _ ASCO2012#3504
Grade 3-5 adverse events (incidence 22%)

In any arm: Safety population

CT BEV + CT
Adverse event, % (n=409) (n=401)

Neutropenia 13 16
Leukopenia 3
Diarrhoea 8
Vomiting 3
3
3

10

Nausea
Abdominal pain
Subileus <]
Asthenia

Fatigue

Mucosal inflammation
Dyspnoea

Pulmonary embolism
Polyneuropathy
Neuropathy peripheral
Hypokalaemia
Decreased appetite

P NP W WDNWPrODNPLWPAS
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Summary

® BEV + standard second-line CT, crossed over from BEV + standard first-
line CT, significantly prolongs OS and PFS
— OS
e Median: BEV + CT 11.2 months, CT 9.8 months
e HR: 0.81 (95% CI: 0.69-0.94), p=0.00622
— PFS
e Median: BEV + CT 5.7 months, CT 4.1 months
« HR: 0.68 (95% Cl: 0.59—0.78), p<0.00012

® Findings from subgroup analyses for OS generally consistent with
overall population
— Treatment effect according to gender appeared to be different; however,
treatment-gender interaction test was not statistically significant

® Differences in best overall response rate not statistically significant;
low response rate in both treatment groups

® AEs notincreased when continuing BEV beyond PD; AE profile
consistent with previous findings

aUnstratified log-rank test



ASCO2012#3504

Conclusions

® First randomised clinical trial that prospectively investigated the
iImpact of continued VEGF inhibition with BEV beyond first
progression

® Study confirms that continuing BEV beyond first progression
while modifying CT is beneficial for patients with mCRC and
leads to a significant improvement in OS and PFS

® This provides a new second-line treatment option for patients
who have been treated with BEV + standard CT in first line while
maintaining an acceptable safety profile

® Findings indicate a potential new model for treatment
approaches through multiple lines and this is currently being
investigated in other tumour types
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BRITE Registry: Bevacizumab Regimens:
Investigation Treatment Effects crotheyetal, Asco, 2007

All Patients No Post-PD 8BP |
Number of Deaths, n (%) 932 (48%) 168 (66%) 306 (58%) 260 (41%)

Median OS, months (95% Cl) 25.1(284,275) | 126(106,15.7) 19.9(18.0, 22.0) 31.8(27.9, NE)

1-year survival rate, % (95% CI) 747 (727,76.7) 52.5(462,58.8) T7.3(73.7,80.9) 87.7(85.2,90.3)

Median Survival beyond 1 PD, months | 120(11.1,133) | 36127,43) 95(84,112) 192 (168,207)
(95% Cl)

Median OS: 19.9 v. 31.8 mos

OS Beyond PD: 9.5v. 19.2 mos

- | Annuoal 12
v ASO® | “Veeting

0:03:50 | 0:24:38
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What else does TML teach us?

 Affirms the limited utility of Registry studies
regarding interventions and outcomes:

— BRITE: 9.5 v. 19.2 OS beyond PD
— TML: 9.8 wv. 11.2

BRITE findings not replicated; the publication*
could be cited as an example of the pitfalls of
Registry data

* Grothey et al, JCO, 2008

- i Anmmoal 12
s 12
ASCQ Meeting

35



4

* RERTHA

¢ FDADPFSIZE SN THRIERAEL=-EH

PFS &£0S

RETES

R THPFSAMR

gemcitabine in ovarian cancer

sorafenib in advanced renal cancer
bevacizumab in metastatic breast cancer
rituximab in Non-Hodgkin’s lymphoma

IS 551 A8

Guidance for Industry: Clinical Trial Endpoints for the Approval of
Cancer Drugs and Biologics, May 2007



OS or PFS
Increasing Acceptance of PFS as a Basis
for FDA Approval

. Approva' based on OS (NSCLC) (NSCLC) (NSCLC)
Erlotinib Ixabepilone
B Approval based on PFS/TTP
(Breast)
(Breast) (Breast)

Irinotecan Bevacizumab Sorafenib
(CRO) (CROC) (HCC)

Oxaliplatin  Panitumumab
(CRC) (CRC)

Sorafenib Everolimus
(RCO) (RCO)
Sunitinib
(RCO)

Erlotinib Bevacizumab

(Pancreatic) (Pancreatic) (RCC)
Bortezomib Bortezomib

(MCL) (MM)

Gemcitabine
(Ovarian)

www.cancer.gov/cancertopics/druginfo -
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Appropriate Endpoints for Clinical Trials and Source of U.S. Food and Drug
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Phase lll Trial Endpoints in
Oncology: The PFS
Controversy

Daniel Sargent, PhD
Professor of Biostatistics & Oncology
Mayo Clinic
June 7, 2011
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ing Angiogenesis in Breast Cancer: Where Do We Stand in 20117

Validation of Surrogate Endpoints

Statistical
- Meta-analyses of clinical trials data

Clinical
- Comprehensive understanding of the
~ Causal pathways of the disease process
~ Intervention’s intended and unintended
mechanisms of action

ﬁN_o single gold standard approach
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Progression free survival

* Typical definition: Time to the first of
disease progression or death

* Challenges
* Subjective — subject to bias
* Measurement error
* Non-radiographic worsening

* Stopping treatment for reasons
other than progression
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Is PFS a Clinical Benefit Endpoint?
Opinion: Con

* ‘We believe the oncology community
may be over-interpreting the value of
improvements in PFS; such
improvements, particularly if related
to asymptomatic imaging changes,
do not necessarily provide evidence
for a gain in important outcomes to
patients’

Ocafia et al JCO 2011
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Is PFS a Clinical Benefit Endpoint?
Opinion: Pro

* "I have no problem accepting that, in
a lethal disease such as metastatic
cancer, delaying progression is a
clinical benefit in itself, provided that
the magnitude of the benefit is
sufficient and the side-effect profile
acceptable."

R Pazdur, NCI Cancer Bulletin May 13, 2008

http:/iwww.cancer.govincicancerbulletin/NCl_Cancer_Bulletin_051308/page?
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Merits of PFS as an endpoint

* Un-encumbered by cross-over
* Available more quickly than OS
* Variable demonstration of surrogacy for
OS
* Colon - Yes — Buyse JCO 2007

* Breast — No — Burzykowski, JCO 2008
* Lung — Unclear — Buyse ASCO 2008




ASCO02011: Targeting Angiogenesis in Breast Cancer: Where Do We Stand in 20117
Appropriate Endpoints for Clinical Trials and Source of U.S. Food and Drug
Administration/Oncologic Drugs Advisory Committee Controversy

2011 ASCO Annual Meeting > Breast Cancer Track > Tarpeting Angiogenesis in Breast Cancer: Where Do We 5tand in 20117

Colon: PFS as a surrogate for OS
Buyse et at JCO 2007

Treatment Effect (HR) on
Overall Survival

Treatment Effect (HR) on
Progression-Free Survival

45
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Breast: PFS as a surrogate for OS
Burzykowski et at JCO 2008

-

12

Effect On Progression-free Survival (HR)

F ids rase 7
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PFSvs OS: Lung — Buyse, ASCO 2008

Trials:

Fossella

Douillard

L
F 4
>
@

Effect for Ove

R*=0.62
95%C.l. =
(0.52;0.72)

Effect for Progreasion Free Survival time
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PFS Surrogacy Summary: Meta-Analyses

Disease Treatment comparisons Trials Units Patients
Advanced breast taxanes vs. anthracyclines 11 11 trials

Advanced colaorectal | 5-FU+LV vs. 5FU / tomudex 10 10 trials

Disease R2 between R2 between Surrogate threshold
PFS and OS treatment effects effect (HR)

Advanced breast 0.47(0.47-0.48) | 0.23(0.12 - 1.69) Not estimable

Advanced colorectal | 0.82(0.82 - 0.83) | 0.98 (0.88 - 1.08) | 0.86
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Conclusions: PFS as a surrogate
endpoint

* |s PFS a surrogate for OS in cancer?
* When no effective 2" line rx: Yes

* When effective 2"¥ and later lines rx:
likely no

* As survival beyond progression
lengthens, surrogacy becomes difficult
* Attenuated HR
* Additional noise

* Need further modeling to understand
when surrogacy even possible

(i) oo
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Final thoughts: Beyond statistics

* Requirement of OS benefit from one
of many lines a very high bar

* PFS benefits must be clinically
relevant with acceptable risk/benefit
ratio

* Failure of PFS advantage to translate
into OS must be plausible
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SLIDE VIEWER Use arrows below to navigate

Progression-free Survival as Surrogate
Endpoint of Overall Survival in Patients with
Advanced/Recurrent Gastric Cancer:
Individual Patient Data Analysison 4,102
patients from 20 Randomized Trials

Kohei Shitara and Tomasz Burzykowski

on behalf of the Global Advanced/Adjuvant Stomach Tumor
Research through International Collaboration (GASTRIC)
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Treatment effects on OS and PFS

Trial-level R? adjusted for the estimation errors, present in the observed
treatment effects, was estimated to be equal to 0.61(95% Cl 0.04-1.17)

log(HROS) = 0.042 (0.079) + log(HRPFS) x 0.779 (0.295)
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Relationship between OS and
PFS in metastatic breast cancer:
review of FDA submission data

P. Cortazar, J. Zhang, R. Sridhara,
R. Justice, R. Pazdur
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Study (N) Treatment Arm/Control Arm Therapy Line
S014999  (511) |capecitabine + docetaxel/ docetaxel 2nd/3rd
EGF1000151 (399) | lapatinib + capecitabine/ capecitabine xS
CA163046 (752) |ixabepilone + capecitabine/ capecitabine 2
BCA3001  (751) | Doxorubicin (liposomal)+docetaxel/ docetaxel 2ndf3rd
AVF2119g (462) |bevacizumab + capecitabine/ capecitabine 2nd/f3rd
RIBBON2 (684) |bevacizumab + chemo/ chemo 2ndf3rd
EMBRACE (762) | Eribulin/ physician’s choice 2ndf3rd
HO648g (469) | Trastuzumab + paclitaxel/ paclitaxel 1E:
JHQG (529) |gemcitabine + paclitaxel/ paclitaxel 3¢t
E2100 (722) | bevacizumab + paclitaxel/ paclitaxel 1¢t
AVADO (736) | bevacizumab + docetaxel/ docetaxel =
RIBBON1 (1237) | bevacizumab+chemo/chemo 1st
EGF30008 (1286) |lapatinib + letrozole/ letrozole 18t
EFC11486 (519) |iniparib+ gem-carboplatin/ gem-carboplatin 1st/2nd/3rd

Annual 11

Meeting
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All Patients !} I I HR Posilive I I R I
-4

Hazard ratio for PFS

HERZ Positive Triple Negative

HER2H -

TRUST DISCOV

Hazard B Hazard ratio

Annual 11
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Subgroup N (%) R2(95% CI)

All patients 9819 (100%) 0.067 (-0.075, 0.209)

HR positive 5594 (57.0%) 0.066 (-0.087, 0.218)

HR negative 2086 (21.2%) 0.100 (-0.089, 0.289)

HER2 positive 1449 (14.8%) 0.016 (-0.082, 0.114)

HER2 negative 5821 (59.3%) 0.063 (-0.095, 0.221)

Triple negative | 1918 (19.5%) | 0.399 (0.132, 0.666)
|15 line 5276 (56.7%) 0.162 (-0.087, 0.410)
i 2rd/3 fine 4543 (48.8%)

0.100 (-0.117, 0.316)

Presented at the 2011 ASCO Annual Meeting. Presented data is the property of the author. ASCGQ) Al’lﬂuﬁl_ ]1
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Broglio and Berry, JNCI 2009; 101: 1642-9.

Detecting an Overall Survival Benefit that Is Derived
From Progression-Free Survival
Kristine R. Broglio, Donald A. Berry

Background Whether progression-free survival (PFS) or overall survival {OS) is the more appropriate endpoint in clin-
ical trials of metastatic cancer is controversial. In some disease and treatment settings, an improvement
in PFS does not result in an improved OS.

Methods We partitioned OS into two parts and expressed it as the sum of PFS and survival postprogression (SPP).
We simulated randomized clinical trials with two arms that had respective medians for PFS of 6 and 9
months. We assumed no treatment difference in median SPP. We found the probability of a statistically
significant benefit in OS for various median SPP and observed P values for PFS. We compared the sample
sizes required for PFS vs OS for various median SPP. We compare our results with the literature regarding
surrogacy of PFS for OS by use of the correlation between hazard ratios for PFS and OS. All statistical
tests were two-sided.

Results For a trial with observed P value for improvement in PFS of .001, there was a greater than 90% probability
for statistical significance in OS if median SPP was 2 months but less than 20% if median SPP was
24 months. For a trial requiring 280 patients to detect a 3-month difference in PFS, 350 and 2440 patients,
respectively, were required to have the same power for detecting a real difference in OS5 that is carried
over from the 3-month benefit in PFS when the median SPP was 2 and 24 months.

Conclusions Addressing SPP is important in understanding treatment effects. For clinical trials with a PFS benefit, lack
of statistical significance in OS does not imply lack of improvement in OS, especially for diseases with
long median SPP. Although there may be no treatment effect on SPP, its variability so dilutes the OS
comparison that statistical significance is likely lost. OS is a reasonable primary endpeint when median
SPP is short but is too high a bar when median SPP is long, such as longer than 12 months.

J MNatl Cancer Inst 2009;101:1642-1649
58
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Broglio and Berry, JNCI 2009; 101: 1642-9

CONTEXT AND CAVEATS

Prior knowledge

It is still controversial as to whether progression-free survival (PFS) or overall
survival (OS) Is the most appropriate endpoint in clinical trials of metastatic cancer.
FI-FEmmDRHtBY

Study design

Clinical trials with two arms having respective medians for PFS of 6 and 9 months
were simulated. OS was the sum of PFS and survival postprogression (SPP).
Probabilities of a benefit in OS were determined for various median SPP, by
assuming no treatment related difference in SPP, and for observed P values for
PFS. Sample sizes required for various PFS and OS values were determined.

EITRD LT (SPP)
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Broglio and Berry, JNCI 2009; 101: 1642-9

CONTEXT AND CAVEATS

Contribution

OS was a reasonable primary endpoint when median SPP was short but was too
high a bar when median SPP was long (eg, longer than 12 months).

Implications

As therapies for metastatic cancer improve, SPP would be expected to increase,
which may decrease the utility of OS as a clinical endpoint.

Limitations

Simulations considered a specific difference in median PFS, accrual rate, and
follow-up time. PFS and SPP were assumed to follow exponential distributions. The
assumption that there was no difference in SPP may not be correct in a particular
circumstance.

SPPARELMEEICIEOSIFEBLGIURRAU L, LALINDRLGDHE(ATAT
DTRAUE)N—FILHELRGYTES

EITREICHT DBENRET SHIEESPPIFRGY., TURERAUELTDOSD
BANEITBADITH-55
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SPP(survival postprogression)=0 median PFS= 2:3 OS=PFS+SPP
6months

Ex.1
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Figure 1. Three typical examples of Kaplan-Meier progression-free
survival (PFS) curves and associated overall survival (OS) curves
from the simulations. Each row of plots is an example of a single
simulated trial. The leftmost plot shows PFS, simulated to have me-
dian PFS of 6 months (control) and 9 months (experimental). The
other three plots in each row show OS and differ only in median SPP

(6, 12, and 18 months). The hazard ratios and F values shown are
those observed for the single simulated example. These three exam-
ples were typical of the simulations carried out. PFS and OS5 were
compared by the log-rank test, and all statistical tests were two-sided.
HR = hazard ratio; med = median. Solid line = control arm; dashed
line = experimental arm.
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Figure 4. Association between progression-free survival (PFS) and over-
all survival (OS) for a single simulation of 67 trials. Each study had a
randomly selected sample size and PFS hazard ratio, which remains
fixed across scenarios while median survival postprogression (SPP)
times were allowed to vary (0, 3, 6, 9, 12, 18, and 24 months). Hazard
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ratios (HRs) for PFS and OS were estimated with a proportional hazards
model, and the correlation was estimated from a linear regression
model weighted by the number of patients in each trial. The size of the

circle is relative to the total sample size of the study. The diagonal line

is the fitted weighted linear regression line.
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median PFS= 2:3 OS=PFS+SPP

Table 1. Summary of hazard ratios for overall survival (0S5)*

Median SPP, mo Median OS5, HR (95% interval)
2 0.687 (0.514-0.909)
4 0.710 (0.517-0.966)
6 0.727 (0.511-1.023)
8 0.736 (0.502-1.068)

10 0.746 (0.491-1.100)

12 0.749 (0.479-1.140)

14 0.752 (0.470-1.174)

16 0.758 (0.462-1.207)

18 0.759 (0.448-1.241)

20 0.762 (0.440-1.277)

22 0.763 (0.428-1.304)

24 0.763 (0.416-1.333)

* The 86% interval of the 05 hazard ratio values extends from the 2.5 percentile
to the 97.5 percentile for 50000 simulations. HR =hazard ratio; SPP =surviva

postprogres sion.
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median PFS= 2:3 OS=PFS+SPP

Total sample size
1500 2000 2500 3000 3500

1000

= T T | | | |
0 4 8 12 16 20 24

Median SPP (months)

Figure 3. Sample sizes required for detecting a statistically significant
difference in overall survival by median survival postprogression (SPP).
The three curves were indexed by the power for overall survival
(ie, powers of 90%, 85%, and 80%).

SPP(survival postprogression) A3
RELKGDEVBEG T IV A XM
=Pl

N=280 (¥ H $180%)

9
N=350(SPP=2), 2440(SPP=24)
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¢ PFSIZIXEERBRE
AEME-BEFE. PELTOELVEREDHKL
FREMEPRFMDELEL. QC
BERTCEEVNGEDORBE/NNTREBRZ/NAT R
REFBHOVLEM

Freidlin et al. JCO 2007; 25: 2122-6.
Bhattacharya et al. JCO 2009; 27: 5958-64.
Dodd et al. JCO 2008; 3791-6.

¢ FDAOEBBRKRGEELH SN TINS, +597%PFSOZEEQOLM L
MRENNITEELZEVD THASINEESR T TR E
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Freidlin et al. JCO 2007; 25: 2122-6
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STATISTICS IN ONCOLOGY

Blinded Independent Central Review of Progression-Free
Survival in Phase III Clinical Trials: Important Design

Element or Unnecessary Expense?

Lori E. Dodd, Edward L. Korn, Boris Freidlin, C. Carl Jaffe, Lawrence V. Rubinstein, Janet Dancey,
and Margaret M. Mooney

A B 5§ T R A C T

Progression-free survival is an important end point in advanced disease settings. Blinded
independent central review (BICR} of progression in randomized clinical trials has been
advocated to control bias that might result from errors in progression assessments. However,
although BICR lessens some potential biases, it does not remove all biases from evaluations
of treatment effectiveness. In fact, as typically conducted, BICHs may introduce bias because
of informative censcoring, which results from having to censor unconfirmed locally determined
progressions. In this article, we discuss the rationale for BICR and different ways of
implementing independent review. We discuss the limitations of these approaches and review
published trials that report implementing BICR. We demonstrate the existence of informative
censoring using data from a randomized phase |l trial. We conclude that double-blinded trials
with consistent application of measurement criteria are the best means of ensuring unbiased
trial results. When such designs are not practical, BICR is not recommended as a general
strategy for reducing bias. However, BICR may be useful as an auditing tool to assess the
reliability of marginally positive resulis.

J Clin Oncol 26:37971-3786. Published by the American Society of Clinical Oncology
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PFSHMEFELVIVRFRAVITHAIHE . 2EFREBRN /(T XR/ME
D=-ODERBDFHE

CNDFATRELRIEE . N T RAEBO—RWEHBIEELTIEITSAURF
RYEBEHRE TS

i 5% TOHETHITE & 0B N EE RS2 [Xinformative censoring ) R RE % 8
BT ORTHETESLN, RETHLILVTHAS, BICREAFE/NTYXE
BDFEERETDHELEZDNB A, informative censoring/ S 7 A &M/
IVREERTRE

BICRZREHGBITFRELTHELLGWVEDD, BEHED/NIT R
EF v (audit) THHMAELTIEERITHY. BBERMADED B R H
SFFEYEFYDHBRIERDOERMZREHSLICIFOEND
ZTETHPFSEIVRRAUMNET HEERFAER (L. EERMICLEELERD
0Hd, RKETABABDREEZEIEITRETHD, COLSERATTIE, XBET
BRLI-ESLBNAT7RITHLUERITIERTHAS

Informative censoring:A—/JL TEITEHIE SN R R THITE T &
SN=HIZEITEUYRWNCIT 5E EFERELEITAHICINATR
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Informative censoring

hR3|FCHEITET SR TER THEITZHIE
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MTIDOEHEE LIFHHER

HURBABRBICCOITHEUYRZRET IR, AEIRLEE
BERDINATANET B
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Bias due to informative censoring

¢ 16EBFICHUVTBICRHEIEIZEII>THERTEITHEIE
¢ 16BREZITHYVYIRWNT S EICKY LAID/INA(TR
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Sensitivity analysis &% f&#T
Bhattacharya et al. JCO 2009; 27: 5958-64

Role of Sensitivity Analyses in Assessing Progression-Free
Survival in Late-Stage Oncology Trials
Suman Bhattacharya, Gwen Fyfe, Robert . Gray, and Daniel |. Sargent

A B 5 T R A C T

sensitivity analysis is an important statistical technigue that assesses whether the results of phase
Il tnials are robust and likely to be generalizable. Until recently, sensitivity analyses were rarely
included in phase lll tnals, and they remain poorly understood by many oncologists. Sensitivity
analyses are critical to understanding the strength of conclusions made in the primary analysis of
a late-stage clinical trial. They examine the influence of protocol design errors, unintended biases,
deviations from assumptions underlying statistical models, and any unanticipated treatment
delivery or practice patterns on trial results. In trials with complex or subjective end points, they
also allow an understanding of the extent to which a positive outcome is driven by a single,
possibly subjective, and therefore biased, element of an end point. The purposes of this article are
to explain how sensitivity analyses are performed, to discuss areas of a clinical trial where
sensitivity analyses should focus, and to illuminate the importance of this technique in the rigorous
evaluation of late-stage clinical trial data, using specific examples. This article focuses on late-stage
trials that use progression-free survival or time to progression as their primary end point, because
sensitivity analyses are particularly important in these cases for which the end point is potentially
subject to bias. Three sources of potential bias are explored: assessment time, symptomatic {ie,
nonradiologicl disease progression, and missing data. For each source of potential bias, case
studies are presented to highlight the role that sensitivity analyses play in determining whether the
trial’s conclusions are robust.

J Clin Oncol 27:56958-53964. @ 2009 by American Society of Clinical Oncology
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PFSIZx 94 B BE fZ #T Sensitivity analysis

Bhattacharya et al. JCO 2009

¢ PFSICEEBREIMES TR ITH L

- 27: 5958-64

¢ TEADOIMYZNEMEY M ICEELEGERD robustnessz R &t
o BFAEICOVTIZTAr L H AN EBENEEEZICHRE
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FADENWNESEE
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Sensitivity analysis (Example of E2100)

robustness of the results 1s confirmed

Table 4. Sonsitivity Analyses for Missing Data Bias

Type of Analysis Exparimental Arm Control Arm HR [95% CI}
Median PFS {months]
Bewvacizumab +
Paclitaxal Paclitaxel
n = 368 in = 354
Study E2100 {bevacizumab in metastatic breast cancer)®
Prirmary analysis of PFS 58 0.39 to 0.61

anzlysis of the patg
submitted for tha IRF
The PD date was backdd
assassment if one or
immediately preceding
The PD date for patients
confirmed by the IRF o
Ldav

Wwith at least one scan
aview 113

ted to the date of the first missed tumor
nore tumor assassments wera missing
PD 11.2

whose investigatorreported PD was not

wvas set to the last tumor assessment +
0 7

6.0

5.6

5.0

0.50

044

.26

0.40 to 0.62

0.38 to 0.81

0371006

OTSILa50 analysls. PO
1 day in the bevacizun
onky arm for casas iny
confirmed by the IRF

Wiorst-case analysis: Cer

therapy and early discy
bevacizurnab arm and

Ja1E Wat SOL 0 T a5t UM dosessTTent +
ab arm and was censorad in the paclitaxal-
khich the investigatorsreported PD was not
g2

soring because of nonprotocel cancer
ntinuaticn were considersd PD avents in
censored in the paclitaxel-only arm B2

Ll

5.8

0.80

0.74

048 t00.74

0.64 10 0.895

A F LB | mEZEIERICRSFRIICIRD
S ER B AR RIIZ X BB B A liberal [ZH%D
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QOL ?

BNBIETHLENDICRANZE—EFHDANEL. RENLGHAREEZBZSESL
DT, EURGETHRTHEERRELEENS
(BER -+ LB A TN -EERRARO ELVVER, s EZ4t, 2011)

o BADIGZIC->=FEE SR TIE—

o FREEDEL
FROLIE - R
PS. BI{EA. REZEL. B ABRB#. (FA L) EREHA

BE B BICKHFEDEMFED X80T
(Patient Reported Outcome)
{# R S constructE L TAHQOL
BEBRDI IV I—FELI-ER
ZRIT
REGRER) H%
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& L = construct& L TDQOL
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A AFIFE@EICHE THQOLAE

¢ BARDEEHHREDRERE
MLLVRBEL TO AR
JSALSS

‘EHENTERGZQOLAIEICEALERLHLDMN?

o RIFHFEROMR-BEA
EORTC, FACT
¢ BXRMBEDRERDBHZRE

QOL-ACD (Kurihara et al.(1999. & #IZ1X1990L8))
o FIIAEERTOFIFH(1995-fhfE . FLIE)
¢ PRO (Patient Reported Outcome) D=

¢ QALYRIFEL#EFEEM(?) (GESTH

%2 . CSPOR-SELECT)
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Health related QOL ?

“Does subjective and vague measurement
of QOL have any significance?”

“It is much more reliable and clinically significant than measuring natural killer”
D. Cella (Tutorial of Japan Stat. Assoc., 1996)

“It Is relatively uncommon that studies of new drugs in oncology provide
unambiguous evidence of a survival benefit. So in trying to assess clinical
benefit for patients who are enrolled in oncology drug studies, QOL Iis
becoming an increasingly important component of those types of applications
and as a means of assessing clinical benefit for patients who are receiving one
kind of therapy or another”

R. Shilsky (ODAC subcommittee, 2000 Feb 10)
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Guidance for Industry

Patient-Reported Outcome Measures:
Use in Medical Product Development
to Support Labeling Claims

U5, Depariment of Health and Humas Services
Food and Drog Admimiztration
Cemter for Drug Evaluation snd Fesearch (CDER)
Center for Biologic: Evalnation and Eesearch (CBER)
Cemper for Devices and Radiological Health (CDREH)

Diecember 20080
Chmic sl Ml edical

i

2005, 7
q—0Oy/\ERE A E T MmEE (EMEA)
EERFHEICH TS EREQOLFE A
[CRATB2HAMF VR (KSTRR) AR
SHBIFEE, MEICDODVWTER

http://www.ema.europa.eu/

2006, Fed Register 71

FDA

EER-EFEORRICETS
BEIHMNTOMNLOFERAAFI R
(FZThRR) 2 22 B

> &Y E K, #HER I "should”

2009, FDA

EEm-HEORECEITS
BEIHNTINILOFERAAFUR
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FDA PROAAS R

¢ HHCEESN (well-defined) | {FFEEDE LR E TR
ESNT-FBRIT. EEROIERTOEMITEREL
T

o BEEHENIRLRGERBLTLESD, BEOHRAD LD
AENRLEVEHZIZDOLTIE,
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Quality of life (QOL) evaluation within a randomized
phase lll study of gemcitabine plus S-1 (GS) versus
S-1 versus gemcitabine (Gem) in unresectable

advanced pancreatic cancer (PC) in Japan and
Taiwan: GEST study

Y. Ohashi, M. Tanaka, N. Boku, H. Ueno, T. Okusaka on behalf of the GEST study group

ASCO0O2011—9070
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Stratification factors:
- Metastatic vs. Locally advance
- Institution

Gem
1000 mg/m? d1, 8, 15
repeated every 4 wks

y,
4 )
S-1
80, 100, 120mg*/body d1-28
L repeated every 6 wks y
N

Gem + S-1
GEM: 1000mg/m?d1, 8

S-1: 60, 80, 100mg*/body d1-14

repeated every 3 wks

J

*According to body surface area,

BSA<1.25m2, 1.25=<BSA <1.5, BSA>=1.5
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ASC@®

2011 ASCO Annual Mesting > Gastrointestinal (Noncolorectal) Cancer Track > Gastrointestinal {Noncolorectal) Cancer

Other ASCO Meetings Browse Sessions

Overall Survival (3 arms)

Probability

Gem n=277

MST em : 8.8M
: 9.7 M
: 101 M

Gem vs. S-1 : Non-inferiority
HR=0.96 (97.5% CI:0.78-1.18)

Gem vs. GS : Superiority

HR=0.88 (97.5% CI:0.71-1.08)
p=0.15

] ] I 1
18 21 24 27 30 33




Primary objectives of the QOL

analysis

To assess differences between the treatment groups
» EQ-5D utility index

» QALY (Quality Adjusted Life Years)
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EQ-5D

» Standardized measure of health status developed by the EuroQol Group

» The EQ-5D descriptive system comprises the following 5 dimensions,
and each dimension has 3 levels

Dimension Level
Mobility
Self-Care 1: no problems
Usual activities 2. some problems
Pain / Discomfort 3: severe problems

Anxiety / Depression

» EQ-5D health status converted to a single summary index score (EQ-
5D utility index) using the Japan value-set, ranging from O (death) to 1

(perfect health)
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EQ-5D

[SIEHE] UTFTOZAZADOEEDIDIZHNESHT. HH-EBENSHOREREEELL(ELT
WBEmERL TS0,

BRIDIEE B/ TR
1. Al SEE SO IFIREIEAL 1. FAISEAH O HRBEITAL
2. FlFHEEZDITLKSA DB BB 2. FhIEPREEDHEH OTRELHS
3. FAEAYR () ICB=EY THS 3. FAFVEVEH LT RBEHHD

SonEYnEHE TR/ SSERAH
1. A HDEYDOEEICHE LG 1. FAEFT R THAESERATELEL
2. AFEEPEBAZBESTTI HDIC 2. FAIHREIZFZHAHNISSTFRATLS
Lo EIENH S 3. IV ELFZRHDNIEASESFRAATIS

3. MIXEPEZAZBE N TTELEN

STEADES) 5 tE. Bk, Rik-KEEE)
1. FAISTFEADBRZITODIZRRE L
2. FNISFFADFEHZEITOIDIZLSIEIELH S
3. FE S ADFEBETICENTELL
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A part of EQ-5D value set

Mobility  Self.Care M[E;ﬁﬂ Dﬁiﬁfm . D‘tﬁzﬁn utility index
2 2 1 1 1 0.720
2 2 1 1 2 0.657
2 2 1 1 3 0.608
2 2 1 2 1 0.640
2 2 1 2 2 0.57T
2 2 1 2 3 0,527
2 2 1 3 1 0.526
2 2 1 3 2 0.463
2 2 1 3 3 0.414
2 2 2 1 1 0.676
2 2 2 1 2 0.613
2 2 2 1 3 0.564
2 2 2 2 1 0.596
2 2 2 2 2 0.533
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E# E& t QALY (Quality Adjusted Life Years)

[EFFHMICKDHHLE]
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S ¥
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EQ-5D utility index

* Death : Not included

1.0
__ 0.9-
7p]
S S 08
©
c O
; E 0.7+
— O
:f, § 0.6
5
A g 0.5
o
L, n 0.4+
o < 0 Gem === (repeated-measures ANOVA)
0o S-1 Gemvs. S-1 P=0.69
' GS e Gemvs. GS P=0.35
0.1
0.0 1 1 T ] 1
No. of patients 6W 12W 24W 48W 72W
Gem 244 218 149 105 40 15
S-1 245 210 145 88 28 13
GS 247 220 166 135 58 31
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EQ-5D utility index

EQ-5D utility index
(least square means)

1.0
0.9
0.8
0.7
0.6-
0.5
0.4
0.3
0.2
0.1

* Death : Treated as index O

BEER - EHEOREREM Germn ==

METH S-1
GS ——

(repeated-measures ANOVA)

Gemyvs. S-1 P=0.61
Gemyvs. GS P=0.003

0.0

No. of patients
Gem 244

S-1
GS

245
247

1 1 1 1 1
6w 12W 24W 48W 12W

237 235 239 232 226
234 232 226 220 217
236 232 233 236 223
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* Death : Treated as index O

%
n ALY paluet
median
Gem 244 0.424 GEM vs. S-1
P=0.56
S-1 245 0.410 GEM vs. GS
GS 247 0.536 P=0.0008

* adjusted for baseline EQ-5D utility index

T generalized Wilcoxon test
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Relationship between QALY and PS

* Death : Treated as index O

PSO PS1
QALY * QA;LY
: _ T - T
n media P-value n media P-value
n n
Gem 156 0.484 Gemuvs. S-1 38 0.265 Gemyvs. S-1
0. 486 P=0.64 5 0317 P=0.90
S-1 148 ' Gem vs. GS 0 ' Gem vs. GS
GS 154 0.566 P=0.16 92 0.492 P<0.0001

* adjusted for baseline EQ-5D utility index

T generalized Wilcoxon test
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o 2RABRUBRICEMTAENEEZEIT NI
¢ SPP(survival post progression) B EER T 1 [&
PFSDOSIZx T 5K EM (TEFE S \F—FIEHERND)

¢ PFSOBEEKRESEENIIETH DD HEH
o RELPFSOHELBNT=risk/benefit profileZid (I
BENICHRTEDLD)PFSICEDREBIXUARHYSS

PFS so what?
QOL (Patinet Reported Outcome)&#& 7 54 D s E 4
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Improving Drug Safety: From Toxicity Assessment to Post-marketing Surveillance PRO
Education Session Chair(s): David Cella, PhD

ASC(@} Other ASCO Meetings Browse Tracks Browse Sessions

2011 ASCO Annual Meeting > Health Services Research Track > Improving Drug Safety: From Toxicity Assessment to Post-marketing Surveillance

CellalZFACTOBIR &

Improving Drug Safety: From
Toxicity Assessment to Post-
marketing Surveillance

David Cella, PhD
Richard Pazdur, MD
Julia Bohlius, MD, MScPH
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Improving Drug Safety: From Toxicity Assessment to Post-marketing Surveillance PRO
Education Session Chair(s): David Cella, PhD

ASC@ Other ASCO Meetings Browse Tracks Browse Sessions

—NETHOPROT—E2DFh

2011 ASCO Annual Meeting > Health Services Research Track > Improving Drug Safety: From Toxicity Assessment to Post-marketing Surveillance

low Is adverse symptom information collected currently in trials?
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Improving Drug Safety: From Toxicity Assessment to Post-marketing Surveillance PRO

Education Session Chair(s): David Cella, PhD

ASC@ Other ASCO Meetings Browse Tracks Browse Sessions

SEDPROFHET VT4 — L
2011 ASCO Annual Meeting > Health Services Research Track > Improving Drug Safety: From Toxicity Assessment to Post-rilfarks El {3

= e |
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Improving Drug Safety: From Toxicity Assessment to Post-marketing Surveillance PRO
Education Session Chair(s): David Cella, PhD

ASC@) Other ASCO Meetings Browse Tracks Browse Sessions

2011 ASCO Annual Meeting > Health Services Research Track > Improving Drug Safety: From Toxicity Assessment to Post-marketing Surveillance

National Cancer Institute Initiative

Patient-Reported Outcomes version of the
Common Terminology Criteria for Adverse Events

Initiated in 2008

0:13:21 | 0:16:16
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6000 Comparative Effectiveness ResearchlZ#+4PROAA X A

ASC@ Other ASCO Meetings Browse Tracks Browse Sessions

2011 ASCO Annual Meeting > Health Services Research Track > Emerging |ssues in Comparative Effectiveness Research

SLIDE VIEWER Use arrows below to navigate

Effectiveness Guidance Document (EGD)

Developmentof a guidance for including patient-reported
outcomes (PROs) in post-approval clinical trials of oncology
drugs for comparative effectiveness research (CER)

Ethan Basch MD; Amy Abernethy MD;
Daniel Mullins PhD, Merianne Tiglao, Sean Tunis, MD
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Comparative Effectiveness ResearchlZ&+5
Patient Reported Outcome® iBIE
ASCO2011 #6000DHAFSA =
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AS C@ Other ASCO Meetings Browse Tracks Bro

2012 ASCO Annual Meeting > Clinical Trials Track > Endpoints for Cancer Trials in 2012: Statistical, Regulatory, and Clinical Perspectives (eQ&A)

Primary use
Most useful for

Best captures

Valid
Reliable
Data capture method

Time of data capture

2012ASCO Educational Session ‘Endpoints’ (D.Bruner)

wse Sessions

Toxicity reporting

Objective assessment
(e.g. Diagnostic test,
imaging, overt sign like
bleeding)

Severity, need for
clinician intervention

Not tested
NO

Through layers of
interpretation

As it occurs/as clinician
picks itup

Health status reporting

Subjective assessment
(e.g. Cannot be seen, felt,
heard, observed or
clinically tested by
clinician)

Severity, Function, Impact
on QOL and Treatment
Adherence

Yes*
Yes*
Directly from the patient

At designated timepoints

*Legacy instruments psychometrically tested to varying degrees; for
current FDA use must conform to stringent guidelines
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2012ASCO Educational Session ‘Endpoints’ (D.Bruner)

AS C@ Other ASCO Meetings Browse Tracks Browse Sessions

2012 ASCO Annual Meeting = Clinical Trials Track > Endpoints for Cancer Trials in 2012: Statistical, Regulatory, and Clinical Perspecti

Japanese study evaluated the reliabilityof CTC v 2.0
S experienced CRAs independently reviewed med. records
from 17 pts and graded toxicities

Agreementamong raters:
nausea; 0.47 (0.23-0.71)
diarrhea; 0.59 (95%CI 0.35-0.82
stomatitis/pharyngitis; 0.59 (0.35-0.82)
sensory neuropathy; | (0.42-0.87)
vomiting; 0.71 (0.48-
infection; 0.82 (0.64-1)
febrile neutropenia; 0.88 (0.73-1
Kaba et al 31(8):1187-82:2004

Canadian NCIC-CTG expanded toxicity scale

7 experienced data managers rated scripted patient simulations
Lab-based toxicities (range.0.50-1.00
Clinically (symptom based toxicities) (range, -0.04-0.82)
17/49 (35%) Grade 4 toxicities correctly scored

ErTO i

15/70 (21%) Grade 3 toxicities scored as Grade 4

Brundage et al;85(14):1138
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2012ASCO Educational Session ‘Endpoints’ (D.Bruner)
Gan To Kagaku Ryoho. 2004 Aug;31(8):1187-92.

[Reliability at the National Cancer Institute-Common Toxicity Criteria version 2.0].
[Article in Japanese]

Kaba H, Fukuda H, Yamamoto S, Ohashi Y.

Statistics and Cancer Control Division, Research Center for Cancer Prevention and
Screening, National Cancer Center Research Institute.

We evaluated the reliability of CTC v 2.0 based on source documents and also
studied the degree of inconsistency in toxicity grading. Five clinical research
coordinators from the National Cancer Center Hospital independently reviewed

environment, variability exists in the toxicity assessment and grading. Good
training and education on toxicity assessment using common criteria and
development of translated manual, including the interpretation of criteria
assessment, may help reduce variability.
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We give VOICE to the PATIENT:
More comprehensive reporting of prevalence of symptoms
Improved accuracy in reporting of levels of severity

Increased prognostic specificity

Greater understanding of patient adherence

Better information for patient and clinical decision making
Additional targets for labeling claims

Significant information for comparative effectiveness
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Basch et al. JINCI 2011; 24: 1808-10.

Use of Patient-Reported Outcomes to Improve the Predictive
Accuracy of Clinician-Reported Adverse Events

Ethan Basch, Antonia Bennett, M. Catherine Pietanza

Correspondence to: Ethan Basch, MD, MSc, Department of Medicine, Health Outcomes Research Group, and Center for Health Policy and Outcomes,
Memarial Sloan-Kettering Cancer Center, 307 East 63 St, New York, NY 10065 (e-mail: ebasch@mskcc.org).

Abundant research has now demonstrated that patent and clinician
reports of symproms—and particularly symptomatic toxicities (ie,
adverse events) during cancer treatment—provide discrepant vet
complementary data (1-3).

How can this be? Can’t only the patient o the clinician be “right™?
The more patient-centered among us might state that the patient
is always right by definition because nobody (not even the most
sensitive clinician) can truly know another person’s subjective
experience. But the more traditonal among us mighe assert that
clinicians should be considered right because they have an “objec-
tive” perspective based on experience and training, which prevents
them from exaggerating or understating what they observe.

In fact, it appears that both the patent and clinician provide
information of value, which when combined provides a more accu-
rate understanding of the patient’s symptoms. This finding is good
news for those of us who are interested in improving the measure-

mont nf comntame in clinieal triale and nractice Thse andimicte

NCI intergroup trial N9741 (7), in which an abundance of life-
threatening gastrointestinal serious adverse events was uldmately
detected (8). Therefore, availability of PRO data not only
enhances the accuracy of clinician CTCAE reports but also may
improve safety.

So, operadonally how might this work? There are three potential
approaches:

1) “Independent reporting,” in which patient and clinician toxicity
darta are collected, analyzed, and reported completely separately
from each other;

2) “Merged reporting,” in which patdent and clinician data are
collected separately and then merged analytically into a single
metric; and

3) “Collaborauve reporung,” in which patents directly report
symptomatic toxicity information, which is then provided
to clinicians to inform their CTCAE reporting.

PRO

BL2DOEHENERERERETODITHKEBETHAIDITEE. ChEEBOBAK
Mo 5DIZHRELED IXER, & XM -, BFRIDCTCAEVSIE
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