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Immunotherapy for NSCLC
Why do we need a Methodology speech?
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Immunotherapy for NSCLC
‘Comments’ upon Methodology
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Immunotherapy for NSCLC

‘Comments’ upon Methodology
e ——————

Hazard Ratio (HR)

— Which model for survival analysis?
— HR: Principles, Assumptions and Limitations

e Curves’ Models
— Median survivals and Late rates
— ‘Adjusted’ Data

* ‘Visual’ Maturity

* “Tricks’ to enlarge HRs........

* Correlation & Surrogates

* Implications for clinical trials’ design
 The ‘Two-Fingers’ Rule i.e. the ‘quantity’ or ......




Hazard Ratio (HR)

« When HR is adopted, it is
assumed that:

— Difference between groups
was proportional;

— Graphically the K-M survival
curves displayed a constant
distance apart.

« HR BECOMES
MEANINGLESS WHEN
THIS ASSUMPTION OF o |
PROPORTIONALITY IS 0 < 6 12

100

50

survival rate (%)

Median survival (months)

[Ref. Brody, T. (2011). Clinical Trials: Study Design, Endpoints and Biomarkers, Drug
Safety, and FDA and ICH Guidelines]



1.0

0.8+

0.6

0.4+

0.2+

0.0

Overall population

Curves’ Crossing

Hazard ratio, 0.74 (95% Cl, 0.65-0.85)
P<0.001

Events: gefitinib, 453 (74.49%); carboplatin
plus paclitaxel, 497 (81.7%)

Carboplatin
plus Gefitinib
paclitaxel
| | |
0 4 & 12 16 20 24

Source: Mok et al, NEJM 2009



Curves’ Crossing... anymore

1.0

0.8-

0.6-

Hazard ratio, 0.48 (95% Cl, 0.36-0.64)

P<0.001
Events: gefitinib, 97 (73.59); carboplatin
plus paclitaxel, 111 (86.0%)

0.4
Carboplatin
0.2- plus
paclitaxel
0.0 | |
0 4 8 12 16 20 24

EGFR'MUtant Source: Mok et al, NEJM 2009
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Immunotherapy for NSCLC
‘Comments’ upon Methodology: CURVES

Typical survival curves (Kaplan-Meier (x) difference in median survival;
model) observed in clinical trials (y) 12-month difference in survival rate.
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EGFR TKIs versus chemotherapy
as 1st-line therapy for EGFR mutant

Gefitinib

100— Median (95% Cl) progression-free survival
— Gefitinib (n=86)  9-2 months (8-0-13-0)
—— Cisplatinand (n-86) 63 months (5-8-7-8)
docetael
© 80—
Mitsudomi, Lancet Oncol 2011
' 60—
40—
20—
I
0 H_jL_TI“‘“

p<0.0001

100
a0
80 Maemondo, NEJM 2010
70
60
50
40
307 Gefitinib
20 Standard (N=114)
chemotherapy
104 P=0.001 (N=110)
0 T T T T T T — T
0 3 6 9 12 15 13 21 24

Erlotinib

1004 — Erlotinib (N=82)
—— Gemcitabine plus carboplatin (N=72)
HR 0-16 (95% 1 0-10-0-26)
8o~ Log-rank p=0-0001
Zhou, Lancet Oncol 2011
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40 |

20 !

0 m T T |
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Time (months)

1.0 — Erdotinib (n=8&)
— Chemotherapy (n=87)
0.8 -
HR=0.37 (0.25-0.54)
Log-rank p<0.0001
0.6 -
Rosell, Lancet Oncol 2012
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The NEW ENGLAND JOURNAL of MEDICINE

Crizotinib versus Chemotherapy in Advanced
ALK-Positive Lung Cancer

Crizotinib (n=173")
B Chemotherapy (n=174")

65.3

100 Hazard ratio for progression or death
in the crizotinib group,
0.49 (95% Cl, 0.37-0.64)

P<0.001

Crizotinib
40
Treatment
20+ Chemotherapy Statistical Design
° Prir_nary endpoint: PFS per independent radiology
review
D I I I | — Sample size: 217 events (PD or death) needed to
'D 5 10 1 5 detect HR of 0.64 (or increase in median PFS from 4.5

to 7 months) at one-sided 2.5% significance level with

90% power

[Clear and strong signal of actlwty] _

- Objective response is tripled

— PFSis improved by 4,7 months (HR of 0,49)  ghaw A et al [PROFILE 007] NEJM 2012
= Improvement of PFS in almost all subgroups

- Improvement of lung cancer-related symptoms and global QOL



HR or Medians? Curves’ Shapes

s that a modern issue?

e ————

DTIC+rIFN (9mU) vs. DTIC+rIFN
(3mU) vs. DTIC+rIFN

[ IL-2 + IFN-a vs. [L-2 } [
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Sparano JA et al, JCO 1993 Baietta E et al, JCO 1994



Ipilimumab plus Dacarbazine for Previously
Untreated Metastatic Melanoma
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Censored
= Censored

T |pilimumab—dacarbazine ' ' ‘
30 Tl

Placebo—dacarbazine ~~~—-------- .
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 Late ‘rates’ better than HRs

 Absolute differences at
specific time-points
e NNT

The NEW ENGLAND JOURNAL of MEDICINE
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Events on the

‘right’ side

Robert et al NEJM 2011




CheckMate 017: Updated OS Data
[ASLC & 16T+ WORLD CONFERENCE ON LUNG CANCER

INTERNATIONAL ASSOCIATION FOR THE STUDY OF LUNG CANCER

Updated Overall Survival

100 s, Nivolumab Docetaxel
90 - n=135 n=137
80 mOS$S, mos 9.2 6.0
(95% ClI) (7.33, 12.62) (5.29, 7.39)
[ #events 103 122
- 60 7 HR=0.62 (0.48, 0.81); P=0.0004
o 90 7 12-month OS rate=42%
O 4o """ T ey .
50 « 18-month OS rate=28%
s~ L T ¥V Nivolumab
20 ) =249/ ! e manth OS ratac ] 30 e =
10 _._______j_z_tn_qi_]!h _Qs_@_t?_ _2_4_/9_: ____________ :180" ODocetaxe|
1
| I
0 T T T ] T : T T T T 1
0 3 6 9 12 15 18 21 24 27 30 33
Number of Patients at Risk Time (mos)
Nivolumab 135 113 86 69 57 51 37 25 14 6 0 0
Docetaxel 137 104 69 46 33 22 17 11 7 3 1 0
Minimum follow-up for survival: 18 months
Based on August 2015 DBL. 8

Symbols refer to censored observations.

Reckamp K et al, WCLC 2015



CheckMate 057: Updated OS Data

12-month OS2

18-month OSt

Nivo (n=292) Doc (n=290) Nivo (n=292) Doc (n=290)
mOS, months 12.2 9.4 12.2 9.4
100 1-year OS rate, % 51 39 51 39
90 - 18-month OS rate, % 39 23
80 :::t'i;’;f:‘;?:f’mta' no. 190/292 2231290 206/292 236/290
70 4 HR (95% CI) 0.73 (0.59-0.89)  HR (95% Cl) 0.72 (0.60-0.88)
p =.0015 Post-hoc p=.0009¢
60 - .
1-year OS rate = 51%
50 1-
40 - 18-month OS rate = 39%
30 A e
"
20- i W
10 4 18-month OS rate 23% DD
0 T T 1 T T T T T T 1
0 3 6 9 12 15 18 21 24 27 30
No. atrisk (12-month O§)®
Nivolumab 292 232 194 169 146 123 62 32 9 0 0
Docetaxel 290 244 194 150 111 88 34 10 5 0 0
No. at risk (18-month O§)b
Nivolumab 292 233 195 171 148 128 107 55 27 4 0
Docetaxel 290 244 194 150 111 89 61 23 6 4 0

Minimum F.U. for 12-month OS rate, 13.2
months: for 18-month OS rate, 17.1 months

Horn L, et al, ECC 2015



CheckMate 017: Updated PFS Data
IASLC & R O Ol CaNe:

INTERNATIONAL ASSOCIATION FOR THE STUDY OF LUNG CANCER

Updated Progression-free Survival

100 4 Nivolumab Docetaxel
- n=135 n=137
90
80 — mPFS, mos 3.5 2.8
(95% Cl) (2.14, 5.08) (2.14, 3.52)
70 7 #ovents 105 122
= 60 _ ]
= 50 12-month PFS rate=21% ‘ HR=0.63 (0.48, 0.83); P=0.0008
)
o 40 - 12-month PFS rate=6.4%
30 £
_______________________________ 18-month PFS rate=17%
12 O e 0 s S Y V- NN NV & dattietd Nivolumab
10 T 18-month PFS rate=2.7%
________________________________ T o o Docetaxel
0 T T T 1 T T T T T 1
0 3 6 9 12 15 18 21 24 27 30
Number of Patients at Risk Time (mos)
Nivolumab 135 68 48 33 24 20 16 12 8 2 0
Docetaxel 137 62 27 10 8 3 1 1 0 0 0

Minimum follow-up for survival: 18 months

Based on August 2015 DBL.

Symbols refer to censored observations.

Reckamp K et al, WCLC 2015
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CheckMate 057: PFS Data

Median 1-Yr
100 No. of Progression- Progression-
Events/ free free Survival
90+ Total No. Survival Rate
20— of Patients (95% Cl) (95% Cl)
mo Yo
70+ Nivolumab 234292 2.3 (2.2-3.3) 19 (14-23)
€0 Docetaxel 245/290 4.2 (3.5-4.9) 8 (5-12)
Hazard ratio for disease progression or death,
50 ‘ 0.92 (95% Cl, 0.77-1.11); P=0.39
40-
304
20— Nivolumab
10
0 g— | Doc
[ I [ I [ I [ I |
0 3 6 9 12 15 18 21 24 27
Months
292 128 82 58 46 35 17 7 2 0
290 156 87 38 18 6 2 1 1 0

Borgheai H et al, NEJM 2015



neckMate 057: OS According to PD-L1

100 21% PD-L1 expression level 100 25% PD-L1 expression level 100 7 210% PD-L1 expression level
ey m0S (mo) 0 _K\ m0S (mo) a0 m0S (mo)
ol Hivo 17.2 ol : Hivo 18.2 Sl \1\ Hivo 19.4
70 70 70 A
8.1 8.0
£ 60 \\-\ e = 60 60 L\_\
@ 50 50 50
o
a0 4 ANivo \ 40 \-\\ v 40 L‘\\
3g 4 Q©Doc \“%L” 30 e, 30 \‘\—%,.
20 Bhe—e—ee0 20 e " 20 Hﬁ‘wﬁ—w et 5
107 HR (95% CI) =0.59 (0.43,0.82) 107 HR (95% CI) =0.43 (0.30, 0.63) 129 HR (95% Cl) =0.40 (0.26, 0.59)
0 T T T T T T T T 7 O T T T T T T T T . T T T T T T T T
u] 3 5} 9 12 15 18 21 24 27 u] 3 =] 9 12 15 18 21 24 27 u} 3 5] 9 12 15 18 21 24
Time (months) Time (months) Time (months)
100 -4 100 -4 100
%0 - <1% PD-L1 expression level a0 4 \»_ | <5% PD-L1 expression level a0 4 \~_| <10% PD-L1 expression level
280 - 80 — 20 - ™
m0S (mo) m0S (mo) moS (mo)
70 i 70 e = 70 \ -
gso & Hivo 10.4 &0 - g 1‘;'1 60 - ? :I\IO 1!:).93
850 -1 10.1 50 — 50 ocC =
40 4 ANive 40 Lo 40
30 4 ODoc 30 30 -
20 - - 20 o 20 -
10 71 HR (95% Cl) = 0.90 (0.66, 1.24) L% 10 4 HR(95% CI) = 1.01 (0.77, 1.34) 10 1 HR (95% CI) = 1.00 (0.76, 1.31)
0 T T T T T T T T Ep T T T T T T T T 7 O T T T T T T T T
i} 3 5 9 12 15 18 21 24 27 0 2 [ a 12 15 18 21 24 27 0 3 [ a 12 15 18 21 24

Time [months)

HR 0.90

Time (months)

HR 1.01

Time (months)

HR 1.00

Paz-Ares L et al, ASCO 2015
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Cancer Survival Analysis

* Thus, patients should be considered.:

— Uncensored:

« Subjects who are observed until they reach the
endpoint of interest (i.e. recurrence or death).

— Censored :

* Those patients who survived beyond the end of the
follow-up or who are lost to follow-up at some
point.

— Censoring: the loss of subjects from a study before

7 the events of interest has occurred.

Source: AJCC Cancer Staging Manual, 7th Edition 2010;
Everitt BS, Medical Statistics from A to Z, Ed. 2003




Immunotherapy for NSCLC
‘Comments’ upon Methodology: MATURITY

[ Data Cut-Off: Dec 2010 ] [ Data Cut-Off: Feb 2012 ]
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No. of patients in follow-up

I Vemurafenib (N = 336)
Est 6-month survival 84%

Vemurafenib 336 320 266 210 162 111 80 35 14

HR 0.37

Majority of Censored WITHIN
6 months (Left Side)
Majority of Censored in the

Experimental Arm

J

Overall survival (%)

No. at risk

I Vemurafenib (n=337)
Median f/u 12.5 months

Dacarbazinl(n=338 i
Median f/u 9.5 months

| Time (months)

Dacarbazine 338 255 211 173 136 81
Vemurafenib 337 326 280 231 178 109

(+ HRO.76
« Majority of Censored AFTER
12 months (Right Side)
 Majority of Censored in the
\_ Experimental Arm

J




Data Maturity: CRUCIAL FOR:
AGENCIES’ APPROVAL

« Designed for HR 0.75 (for PFS and OS), power 80%

« First Analysis: p=0.028 (PFS) and p=0.03 (OS) BUT power 75%
— Nevertheless, FDA Fast Track APPROVAL (2004)

« Finally, FDA requires only OS (HR 0.75), censoring rate <30% (<158
censored)

Trial Armn Events Median a5% Cl

1.0 mm 5T 182 18.6 16.6 to 20.7
0 T 195 158  14.4t0 174

] HR = 0.82 {95% CI: 0.67 to 1.00)
0.6 [P: 0489 ] -
0.4 | 377 events

' 0.32 I 0.22
‘Formally’ Negative 0.22  o9g | Gemcitabine
0 6 12 18 24 30 36 for Advanced
Overall Survival Time (months) Breast Cancer

Albain K et al, JCO 2008



Percentage of Patients who Received a Taxane

Data Maturity: CRUCIAL FOR:
DRUGS’ MARKETING

AVFDA B Cy FDA D)y NIH E)
Metastatic Study Primary Consensus Study
Indication Presented Indication Conference Published

1954 1895 1996 1997 I 1958 1959 2000 2001 2002 Imna

- Study Cohort - I
45% 1 ASCO I
0% | /98) .
35% =

I l - [
30% 1 .
[ | = .
o I Negative OS
20% 1 L
15% - . I.-_..' "
10% - . "
. (L | . . I .

e Adjuvant
0% -E.—.—.—.—.—v..—.—vll.—.—vl—-n

GA BN BA BN GA BN DG A '.\i'uli;'s; ABNN MG A BN
1994 1995 1996 1997 1998 1999
Date of First Chemotherapy ('.I:lill

Paclitaxel for
Breast Cancer

Positive OS Giordano S et al, JNCI 2006




1.0 -
034 3
0.8 -
0.7 1
0.5+
0.5
0.4
0.3
0.2 -
0.1
0.0

Data Maturity: CRUCIAL FOR:

DEFINITION OF STANDARDS &
CONTROL ARMS

Median Survival Arm A 274 days
Median Survival Arm B 233 days
p = 0.086

« ASCO 1996

— 2 mo. OS in favor of
Carbo-Taxol

« 9yrs later
— No differences!!

==
.......

200

Arm A:
Cisplatin: 75 mg,-"mz_ Day 1
Etoposide: 100 mg-"mz_ Days 1-3

Repeat cycle every 21 days

Arm B:
\‘ Carboplatin: AUC=6 mg/ml- mum_ Dayl

Paclitaxel: 225 mg/m’. Day 1

Randomization

Repeat cycle every 21 days

400 600 800 1000 1200 1400
Time (in days; Carbo-Taxol for NSCLC

SIRATA:  —— Cis/Etop Carbe/Pac

Belani C et al, Ann Oncol 2006
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Vo You WHPNE ADEQUATE
STATISTICAL MALPRACTICE
INZURANCE ?
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‘Seeking’ for a Larger benefit
Subgroup Analysis

™ 12 months,

" 24 months,
t_gﬁ'p-"llt' l:'l} {95'«'-‘_'.-'&. |:_|}| ENROLMENT RANDOMISATION
0.565 Carboplatin/paclitaxel
(0.508, 0.621) Patients with metastatic o /?"y (n=444)
! or recurrent (’_ :J \
0271 non—squ?r:n :;S{gf" NS \w"’-'\ Carboplatin/paclitaxel +
{D-E'l'ﬁ- 'D'.E-E'E-}I bevacizumab
' (n =434)

Treatment Outcomes by Tumor Histology in Eastern
Cooperative Group Study E4599 of Bevacizumab
with Paclitaxel/Carboplatin for Advanced
Non-small Cell Lung Cancer

0.433
(0.376, 0.490)

— PC (n=302)

~ 0.168
PCB (n=300) (0.121, 0.216) |

E‘I EI -ﬂlf é é 1|{'I1|21-|4 1IB1IEE:Z'IEIEEI-42«IBE1IE E‘:UEIEBI-#H:‘E Elﬂdlﬂdl.?d:i-ﬂjﬁdlﬂﬁ:fl
Duration of Survival (months)
Larger HR......but no significant interaction
according to Histology!

Sandler A et al, JTO 2010
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Immunotherapy for NSCLC
‘Comments’ upon Methodology: CORRELATION

What if this model?

ﬁ H
Large PFS Possible OS

ﬁ ImpaCt
Crossover between treatment
groups allowed!
Experimental treatment = Progression
mm Standard treatment m Death

m= Other treatment for relapse MODIFIED - Booth CM, et al, JCO 2011



Gefitinib as first-line treatment for patients with advanced non-small-cell lung
cancer with activating epidermal growth factor receptor mutation:
Review of the evidence

PD

Second-line
chemotherapy

First-line
chemotherapy

OS (2010)

::_\.\_ Mutation +

\ .

First-line Rapid
D [chemotherapy worsening; Death

Probability of survival

Mutation - %

0 4 8 121620 24 28 32 36 4044 48 52

Th Eﬂl‘EtI ca I S ur\fi va I Time from randomisation (months)
Lung Cancer 71 (2011) 249-257



‘Combining’ LUX-Lung 3 + 6: Overall Survival
[Common EGFR mutation population]

1004 -
i » EGFR mutation
Del19 355 —e— 0-59 (0-45-0-77)
20 Leu858Arg 276 1.25 (0-92-1-71)
Afatinib Chemotherapy
= (n=419) (n=212)
"_; 60 Median, months (95% CI)  27-3(24-2-31.0) 243 (20-6-27-0)
2 HR (95% CI) 0-81 (0-66-0-99)
% p value 0-037
g 4"
20+ L
— Afatinib
—— Chemotherapy
0 T

0 3 6 9 1!? 1}5 1|3 3’-|1 El-‘-l El?' 3|U' 3|3 3|5 3|9 4|2 4|5 4|3 5|1
Time (months)
Number at risk

Afatinib 419 411 390 371 343 320 284 251 225 201181 141 77 58 33 9 1 0
Chemotherapy 212 199 185 173 162 141 124 110 101 83 70 52 34 23 10 5 1 0

Yanj J et al, Lancet Oncol 2015



[Prospective RCTs with EGFR-TKIs]
Cross-Over Rates

T ————
GEFITINIB ERLOTINIB AFATINIB
98% ‘
75%
62%
I
NEJ002 WTOG45 EURTAC OPTIMAL LUX-Lung3 LUX-Lung6 Pooled LUX

N =115 N =86 N =87 N =82 N =230 N =241 N =419

Modified from West J, ASCO 2014



OS-HR

Impact of cross-over

on correlation between PFS and OS
Trials of targeted agents in advanced NSCLC

©
—
=
-

™
—

O

() prohibited
[] not prohibited

Hotta K et al, Lung Cancer 2010



Immunotherapy for NSCLC
‘Comments’ upon Methodology: CORRELATION

What if this model?

| . .[ Same PFS ][ OS Impact J

Crossover between treatment
groups not allowed!

Experimental treatment = Progression
mm Standard treatment m Death

m= Other treatment for relapse MODIFIED - Booth CM, et al, JCO 2011



Same disease [RCC], same OS benefit, same NEJM issue!

100~ Cabozantinib 187 7.4 (5.6-9.1) 121
90 Everolimus 188 3.8 (3.7-5.4) 126
& 30 Hazard ratio for progression or death,
T; 0.58 (95% Cl, 0.45-0.75)
S 709 P<0.001
3 60
g 50
s HR 0.58
5 40+
§ 304 Cabozantinib
‘é” 204
8 104 Everolimus
0 | | | ! | !
0 3 6 9 12 15 18
100
90+ o
%0 Cabozantinib
: ¥ HR 0.67
2 607
2 Everolimus M +
5 504
E L
3 40
2 301
0O
201 Hazard ratio for death, 0.67 (95% Cl, 0.51-0.89)
10 P=0.005
0 | T T T T | T 1
0 3 6 9 12 15 18 21

Choueiri T et al, NEJM 2015

24

1.0-4,
094 mo
' ] Nivolumab 410 4.6 (3.7-5.4) 318
0.8+ '; Everolimus 411 4.4 (3.7-5.5) 322
074 4
Hazard ratio, 0.88 (95% Cl, 0.75-1.03)
0.6
P=0.11
0.5 .
0.3
0.2 Nivolumab
0.15 Everolimus
0.0 I I I I I I I I I I 1
0 3 6 9 12 15 18 21 24 27 30 33
mo
Nivolumab 410  25.0 (21.8-NE) 183
1.0-peg, Everolimus 411 196 (17.6-23.1) 215
0.9
Hazard ratio, 0.73 (98.5% Cl, 0.57-0.93)
0.8+ P—0.002
0.7
0.6_ H R O [ 73
0.5 Nivolumab
0.4
037 Everolimus
0.2
0.1+
0.0 1 ] ] 1 ] ] 1 ] ] 1 1
0 3 6 9 12 15 18 21 24 27 30 33

Motzer R et al, NEJM 2015
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How much PFS gain do we need to
iImpact upon OS?

107 Lungcancer o The « surrogate threshold effect » is the minimum
- PFS (HR) effect that statistically predicts for a
E significant OS effect
E j "
o 2
g : . i = 1
g = ix:-:.___ b PR - _ - - -
r i o B By
= M T e H W
g 0 —
b - x "

STE=HR=0.70 05-0-189+0-616TTP
- | | | | | |
0 1 2 3 4 3 6

Time to progression difference (months)
Hence, in future trials, a reduction of at least 30%
in the risk of progression (or death) would predict @ Lancet Oncol 2006:7:741-46

significant effect on survival Burzykowski and Buyse, Pharmaceutical Statist 2006; 5: 173



Immunotherapy for NSCLC
‘Comments’ upon Methodology:
PERSPECTIVES for Clinical Trial Design

Emerging Issues

Not reliable correlation between
OS and traditional surrogate or
intermediate end-points
(such as PFS)

Atypical ‘'shape’ of Kaplan-Meier
curves (delayed survival effect)

Immune biomarkers with analytical
and reproducibility limitations

Implications

Overall survival remains the main
end-point for randomized clinical
trial with immunotherapeutic
drugs

Usual standards for targeting the
benefit (i.e. medians, HR) may not
work appropriately

Practical difficulties in interpreting
trials’ results according to
biomarker stratification

Proposed Solutions

Future development and
prospective validation of specific
end-points for immunotherapy
(IrRC, IrPFS)

Employment of an appropriate
integration of statistical models
(proportional and non-
proportional/alternative)
to provide a reliable outcome

biologically relevant and reliable

immune biomarkers (reproducible
and harmonized assay
procedures)

Pilotto S et al, TLCR 2015



Immunotherapy for NSCLC

‘Comments’ upon Methodology
e —————

 Hazard Ratio (HR)

— Which model for survival analysis?
— HR: Principles, Assumptions and Limitations

e Curves’ Models
— Median survivals and Late rates
— ‘Adjusted’ Data

* ‘Visual’ Maturity

* “Tricks’ to enlarge HRs........

* Correlation & Surrogates
Implications for clinical trials’ design
The ‘Two-Fingers’ Rule i.e. the ‘quantity’ or ...... ]




The NEW ENGLAND JOURNAL of MEDICINE

The ‘Two-Fingers’ Rule

 Clinically Meaningful Data if ‘at least’ two
fingers separates curves!

— Ipi plus gpl00  ---- Ipi ---- gpl00

—— Erlotinib (N=82)
e e 8 Censored xxx Censored nee Censored

—— Gemcitabine plus carboplatin (N=72)

HR 0-16 (95% Cl 0-10-0-26)
Log-rank p<0-0001

T T T T T T T 1 i Yoo
8 12 16 20 24 28 32 36 40 : o [ 4° .Hh_‘“ Rkl .

Time (months)

Hodi et al, NEJM 2010 Zhou et al [OPTIMAL], Lancet Oncol 2011



HR or Median? Curves’ Shapes

What if statistically significant but........

Owverall survival (%)

[y
=
1

FEY
=
|

20

100 Necitumumab Gemcitabine and
plus gemcitabine cisplatin (n=548)
W and cisplatin (n=545)

Patients censored, n (%) 127 (23%) 106 (19%)
Median overall survival, months (95% CI) 11.5(10-4-12-6) 9.9 (8-9-11.1)
Stratified p value (log-rank) 001

Stratified HR (95% CI) 0-84 (0-74-0-96)

Gem-Cis + Neci q3w (N = 545) [FRANIN Neci q3w
> 2 Necitumumab (800 mg D1, D8) SD (800mg D1, D8)
Mecraerinal Gemcitabine (1250 mg/m?, D1, D8)
Cisplatin (75 mg/m?, D1)

Maximum of 6 cycles

b- '- o Gem-Cis q3w (N = 548)
TTea, ~ Gemcitabine (1250 mg/m?, D1, D8)

Cisplatin (75 mg/m?, D1)

— Necitumumab plus gemcitabine and csplatin 1t My I.I.L‘ 1T T
Censored patients R | g My wmi g

. . . LS G L 111 IR
---Gematabine and cisplatin My 1
Censored patients

0

2 4 b 8 0 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

Thatcher N et al, Lancet Oncol 2015



Anti-angiogenic agents

in 2" line?

PFS - Docetaxel
+/- nindetanib (VEGFR TKI)

100 — Docetaxel plus pintedanib
e Drcetael plus placebo
5 804 D+N - Med PFS 3.4 m [95% CI 2.9-3.9]
= D - Med PFS 2.7 m [2.6-2.8]
iy HR = 0.79 [95% CI 0.68—0.92],
] p=0.0019
I a0 \
]
'
B 20 = LH
; HR 079, 95% 01 068=0.02, p=d-0019 —
0 2 i .'a B 10 2 14 16
aim bt at risk
Mintedanib 565 Fi 155 T 19 4 3 i o
Plhcebo 5069 250 116 43 il 2 1 L] [u}

OS benefit in adenocarcinoma
PFS benefit in refractory pts
(HR= 0.67 (0.43-1.04,p=0.0725).

MADRID ongress
2014

OS - Docetaxel
+/- ramucirumab (VEGFR2 Ab)

100 -

RAM+DOC 1005 (9.5-112) 31.8%
PL+DOC 9.1 (8.4-10.0) 27.0%

:

RAMHDOC vs PL+DOC:

g HR (95% CI) = 0.857 (0.751-0.979
E log-rank P = .0235
D a0
E
&
201 — ram+pocC
— PL+DC

Censored

L] 3 & ] 12 15 18 2 24 T b o T 11
Survival Time (months)
Numiber at risk

RANMHDOG28 527 415 329 23 1% 103 70 45 23 11 2 1]
PL+HDOCE25 501 386 306 197 129 86 S5 236 2 23

0S benefit in SCC and non SCC

Courtesy of Besse B, ESMO 2014



Targeted Therapy Performance in the ‘Real World’

Outcomes of patients with metastatic renal cell
carcinoma that do not meet eligibility criteria for

clinical trials

Effectiveness of Bevacizumab With First-Line Combination
Chemotherapy for Medicare Patients With Stage IV
Colorectal Cancer

Trials’ Ineligible Pts vs. Eligible
(all receiving targeted agents)

Addition of Bevacizumab to
FOLFOX, ‘Registry’ Context

Median OS 12.5 vs. 28.4 months
(p<0.0001)

\

02 iy,

s TP
Trial ineligible **“#H«[
—_————t

0.8+

0.6

Trial eligible

Overall survival
(=]
i,
|

+ Censored

HHHH H+

0.0+
1440 671 229 50 7
767 199 58 16 0
T T T T
20 40 60 80

Time from first-line taraeted therapy

Deng DY et al, Ann Oncol 2014

1.0- -=-===- FOLFOX only: median survival, 19.2 months;
) ‘*-K 95% CI, 17.6 to 20.2 months
«.\ FOLFOX-BEV: median survival, 19.2 months;
"-.\ 95% Cl, 17.9to0 21.0 months
0.8 1 A
4
b
"‘h'n
0.6 l\"‘-\
\1 P=.62
s
0.4 S
0.2 - Tt
I 1 1 1 I 1
0 10 20 30 40 50 60

Time After First Dose of Chemotherapy (months)

Meyerhardt T et al, JCO 2012



Key-Concepts for Clinical Trials
What do we assess In clinical trials?

« Activity:
— ability of the treatment to induce modifications of the

disease thanks to which it is assumed that the patient
may have a benefit [Phase I]

/Efficacy: \

— abllity of the treatment to induce a clinical benefit in
patients who are administered in an experimental
context [Phase Ill]

o Effectiveness:

— ability of a treatment to be effective in a non-
experimental, concrete and coincident with the
\ clinical practice [are Phase IV, ‘Real World’ Data]/




Key Elements of Quality Health
Care Delivery

Safety . Readily measured,
ascertainable from high-

Effectiveness quality medical evidence,
and central to the mission

Cost of the clinical oncologist.

Patient centeredness : Not as easily measured

and are only rarely

Timeliness reported as outcomes of
.. clinical trials.

Efficiency

Equity

ASCO [Value in Cancer Care Task Force] JCO 2015



American Society of Clinical Oncology Perspective:

Raising the Bar for Clinical Trials by Defining Clinically
Meaningful Outcomes

Recommended Targets for
Meaningful Clinical Trial Goals

Primary End Point Secondary End Point
Improvement Over Current OS Improvement in Improvement
Current Baseline That Would Be Clinically 1-Year Survival in PFS
Cancer Type Patient Population Median OS (months) Meaningful (months) Target HRs Rate (%)* (months)
Pancreatic cancer FOLFIRINOX-eligible patients 10to 11" 4tob 0.67 10 0.69 48 — 63 4t05
Pancreatic cancer Gemecitabine or gemcitabine/nab-paclitaxel— 8 to 92021 3to4 0.6100.75 36 —=50 3to4d
eligible patients
Lung cancer Nonsquamous cell carcinoma 62 3.25t0 4 0.7610 0.8 53 — 61 4
Lung cancer Squamous cell carcinoma 1022 25t03 0.77100.8 44 — b3 3
Breast cancer Metastatic triple negative, previously 1824.25 45t06 0.75100.8 63 — 71 4
untreated for metastatic disease
Colon cancer Disease progression with all prior therapies 4 to 62° 3tob 0.67 10 0.67 25 —3b 3tob

(or not a candidate for standard second-
or third-line options)

On the basis of HR and
Medians, and correlation
between PFS and OSI!!!!

Ellis LM et al, JCO 2014



Raising the bar for antineoplastic agents: how to choose
threshold values for superiority trials in advanced solid tumors

Alberto F Sobrero, Alessandro Pastorino, Daniel J. Sargent, et al.

To establish the concept of minimum clinically meaningful outcome (mCMO) of
treatment in advanced solid tumors, to establish its threshold and evaluate how
many superiority trials of new antineoplastic agents pass this threshold.
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1. HR [{Cox model)

By 7

- 2. Gainin median 05 [a == b)
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s 3. Abszolute increase in 05 [ce— d)at 2-3 years
B3 T
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Sobrero A et al, CCR 2014




American Society of Clinical Oncology Statement:
A Conceptual Framework to Assess the Value of Cancer
Treatment Options

THE ASCO VALUE FRAMEWORK: ADVANCED DISEASE

Step 1: Determine the regimen’s CLINICAL BENEFIT

1A Is YES. Assign an OS Score (1 through 5 as shown below) and multiply by 16. Write this number in the box labeled, “OS Score.” Proceed to 1.D. 0s
Qverall OS Score 1 2 3 4 5 Score
Survival (OS) Fipsrovement in median | > 0%-24% 25%-4%% 50%75% 76%-100% At double the median OS of new
reported? OS (% change in median regimen, there is a 50% improvement

03) in the fraction of patients surviving

NO. Proceed to 1.B.
I.B.IfOS 18 YES. Assign a PES Score (1 through 5 as shown below) and multiply by 11. Write this number in the box labeled, “PFS Score.” Proceed to 1.D. PFS
notreported, | PFS Score 1 2 3 4 5 Score
is Improvement in median > 0%-24% 25%-49% 50%-75% 76%-100% At double the median PFS of new
Progression- PFS (% change in median regimen, there is a 50% improvement
Free Survival | PFS) in the fraction of patients without
(PFS) progression or death
reported? NO. Proceed to 1.C.
1.C. If neither | YES. Assign an RR Score (1 through 5 as shown below) and multiply by 8. RR should be calculated by adding the complete response (CR) and partial RR
OS nor PFS response (PR) rates. Write this number in the box labeled, “RR Score.” Proceed to 1.D. Score
is reported, is | RR Score 1 2 3 4 5
Response What was the reported > 0%-20% 21%-40% 41%-60% 61%-80% 81%-100%
Rate (RR) response rate (CR +PR)?
reported?
1.D. Insert the OS, PFS, or RR Score. Note: You should have EITHER an OS Score OR a PFS score OR an RR score, NOT MORE THAN ONE. Write | Clinical
Calculate the | the total in the box labeled “Clinical Benefit Score.” The maximum allowable points are 80. Proceed to Step 2. Benefit
Clinical Score
Benefit
Score

Schnipper LE, et al, JCO 2015




A standardised, generic, validated approach to stratify
the magnitude of clinical benefit that can be anticipated
from anti-cancer therapies: the European Society

for Medical Oncology Magnitude of Clinical Benefit

Table 2. Maximal preliminary scores

Treatments with curative intent (form 1)
>5% improvement of survival at >3-year follow-up
Improvements in DFS alone HR <0.60 (primary end point) in studies
without mature survival data
Treatments with non-curative intent (form 2) ESMO MCBS evaluation
Primary outcome OS (form 2a) Curative Non-curative
Control <12 months
HR <0.65 AND gain >3 months OR
Increase in 2-year survival alone >10%
Control >12 months
HR <0.70 AND gain >5 months OR
Increase in 3-year survival alone >10%

Primary outcome PES (form 2b)
Control <6 months
HR <0.65 AND gain >1.5 months Curative-Evaluation form 1: for new approaches to adjuvant

Control >6 months therapy or new potentially curative therapies

HR <0.65 AND gain >3 months Non-curative-Evaluation forms 2a, b or c: for therapies that are

not likely to be curative

Figure 3. Visualisation of ESMO-MCB scores for curative and non-curative
setting. A & B and 5 and 4 represent the grades with substantial improvement.

Cherny NI, et al, Ann Oncol 2015



Conclusions

Immunotherapy (given the peculiar mechanism) requires a specific
methodology for trial design and data analysis:
— HR and Medians may not entirely capture the benefit of such drugs.
— Converserly, outcome differences as landmark analysis (either as
absolute of relative measurements) seem more appropriate.
The choice of the ‘best’ way to capture outcome differences is of

paramount importance, given the end-point confers ‘quality’ to the
evidence

Health care steps forward require minimal standards to be satisfied

— The QUALITY of the evidence, should be weighted with the
QUANTITY of the benefit

Health care comparative effectiveness research is moving towards
assigning ‘values’, taking into account (at least) as a objective way as
possible, safety and costs as well.



Varmus's Second Act

“There’s an imbalance between the money
available, the work that needs to be done, and
the number of people who would need to be
supported to make the world feel like a more
comfortable place.”

Varmus H, Science 2013



