Efficacy Claims and Subset Analyses in Phase lllI:
Some thoughts and examples
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Why do we do them?

* Fundamentally, because we can, and we feel compelled to do so.

* Yet, we have no agreed framework for the conduct and
interpretation of such analyses, nor for their potential
implications on product labelling and drug approval.

e Of interest to consider the use and utility of subgroup analyses in
confirmatory Phase lll trials where such analyses are intended:

1. To provide an assessment of internal ‘consistency’ in an trial with
an overall positive outcome.

2. By design to formally assess a hypothesis of efficacy in a
predefined subset.

3. To salvage a negative trial.



The persuasiveness of subset analyses in confirmatory trials
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1. Pre-planned, descriptive subgroup analyses to
assess internal ‘consistency’ in a positive PIIl trial

* What do we mean by this? What is ‘consistency’? How is
this assessed statistically? Consistency within subset clusters
or overall? What is the role of interaction tests?

* Genuine attempt to check that no group is ‘disadvantaged’?
Or to look for the group that ‘benefits most’?

* Inevitable that extremes will be observed in subgroup
analyses even when the treatment effect is truly consistent.

* Assumption that treatment effects truly different in
different groups has fundamental implications for design
and analysis.



“Effect Reversals”, where the treatment effect is positive overall
but numerically negative in some subgroups are to be expected
in Phase lll subgroup analyses
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2. Post-hoc subgroup analyses in a positive Plll trial

* Why would this ever be needed?

* At request of regulatory to narrow down what otherwise
might be considered to be too broad an approval?

* By the Sponsor to improve the prospects of reimbursement?

* By the Sponsor in the face of a negative regulatory opinion
despite meeting the primary endpoint of the trial?



3. Subgroup findings in a negative PIll trial

* Hypothesis generating. Extremely unlikely to support a claim
of efficacy.

* Possible circumstances where a claim might be supported:
a) Strong, a-priori biologic plausibility linked to MOA.
b) Statistical replication.

c) External, independent randomised evidence of an effect in subgroup
from drugs of similar class.

d) Rare / serious disease with high morbidity / mortality, high unmet
need with no therapeutic options.

 |f a)-d) are all met, is there some possibility for conditional
approval with requirement for prospective confirmatory
trial?



4. Confirmatory trials designed to prospectively
evaluate a subgroup

* When and why might you consider such a pre-
specification strategy?

* Some examples of pre-specified subgroup
approaches vs post-hoc defined subsets



When and why might you consider a subgroup
pre-specification strategy?

When the biology tells you too — e.g herceptin

2. When you have seen encouraging ‘signals’ in Pll suggesting
a subgroup may benefit to a greater extent.

3. When you have seen external evidence from a similar class
of agents suggesting an enhanced benefit in a clinical or
biologically defined subgroup.

 1isclearly most secure.
2 might be pursued as a ‘no lose’ strategy with the overall
population as co-primary.

3 may encourage toward a greater risk-taking strategy to
accelerate development.
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Considerations very closely linked to Personalised
Medicine strategies

The right treatment at the right

o
[
” ﬂ dose for the right person at the

right time for the right outcome

Expectations raised for:

Safer, ‘More Effective’ Drugs
No more ‘one-size-fits-all’ drugs. New drugs will be safe and
effective for specific populations defined by —omic characteristics.

Faster Developments at Less Cost and Less risk
Speedier clinical trials based on high ‘responder’ populations,
higher R&D success rates and lower overall development costs.

Cost-Effective Healthcare
Reduced costs, due to avoidance of futile treatments in large
populations who do not benefit, reimbursement challenges reduced




But it is not that simple

How sure are we the defined subgroup will benefit to a greater
extent?

How have we defined the subgroup and do we know that non-
subgroup patients will not benefit?

If biologically defined, is the profile of the subgroup reproducible?

Do we have a reliable test with acceptable specificity and
sensitivity to identity the subgroup? A poor test can seriously
impact the value of a pre-specified subgroup approach.

How sure are we the characteristic(s) defining the subgroup is
predictive for an enhanced treatment effect as opposed to merely
being prognostic marker of disease?

The real danger is we too often think we know the answer before
we have the data...
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Which is the best approach in Phase IllI?

A

All subjects

Unselected Design

All subjects

Select +ve pts only; labelling in subgroup

All tested

Control

Control

Select +ve and —ve pts;
Further assess the
predictive
value of the subgroup

labelling in either the overall
population or in subgroup
patients only




Some Examples
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Confirmatory trials designed to prospectively evaluate
a specific subgroup
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Vandetanib in advanced NSCLC

» Suggestion based on subgroup analysis in Pll that females may achieve better
effect — similar observations seen with other EGRF TKls

Progression—free survival

Phase Il Primary end-point = Progression-Free Survival (PFS)

Co-primary analysis population — Females
= critical significance level for ‘overall’ and ‘females’ = 0.025
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Iressa vs BSC in refractory NSCLC: ISEL Study

e Early Pll data suggested variability in response to Iressa with females, never
smokers and Asian ethnicity having higher response rates

 Stratified log rank test primary, Cox regression supportive
® Primary endpoint overall survival
e Overall and Adenocarinoma populations co-primary

* At least 900 deaths for 90% power

* Hochberg procedure to control Type | error

e Several pre-planned subgroup analyses defined by clinical and biologic factors

Overall Population: Survival Adenocarcinoma Population: Survival

IRESSA® Placebo d IRESSA® Placebo
Median (months) 5.6 5.1 b Median (months) 6.3 54
1yr survival 27% 22%
HR =0.89 (0.78, 1.03), P = .11
N = 1692, deaths = 969
Cox analysis, P =.042

—— IRESSA® . —— IRESSA®

placebo . placebo
Month: 0 2 4 6 8 10 12 14 Month: 0 2 4 6 8
Atrisk: 1692 1348 876 484 252 103 31 Atrisk: 813 670 447 262 145

1yr survival 31% 17%
HR =0.83 (0.67, 1.02), P = .07
N = 813, deaths = 449
Cox analysis, P =.030

Percent surviving
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ISEL subgroups by smoking status and histology

Treatment by smoking interaction test p=0.047

= Never smoked (n=375) Ever smoked (n=1317)
'S 1.0 HR0.67; 95% CI 0.49,0.92; 7] HR0.92: 95% Cl
2 0.8- p=0.012 { N\ 0.79,1.06:p=0242 |~ IRESSA
5 — Placebo
“ 0.6 - ~
c
2 0.4- .
§ 0.2 - -
E OO 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
O 2 4 6 8 1012 1416 O 2 4 6 8 10 12 14 16
Treatment by race interaction test p=0.043
=2 10 Asian origin (n=342) Non-Asian origin (n=1350)
= HR 0.66; 95% CI HR 0.92; 95% CI 0.80, 1.07;
% 0.8 - 0.48,0.91: p=0.010 0=0.294
» 0.6 .
c
2 0.4- ~
9 0.24 -
D% OO 1 1 | 1 1 1 1 1 1 1 1 1

1 1 1 1
O 2 4 6 8 1012 1416 0 2 4 6 8 10 12 14 16
Time (months)
Thatcher 2005, Chang 2006



IPASS: Phase Ill study of IRESSA versus doublet
chemotherapy in first [ine NSCLC

/Patients \

«Adenocarcinoma
histology

«Never smokers or
light ex-smokers*

-PS 0-2

L

1:1 randomization

-Provision of tumour e Y
sample for . \ Carboplatin AUC 5
b;omarlker EEIElE or 6 and Paclitaxe| [mp
strongly 5
encouraged \ZOOmg/m 3 Wkly)

/Endpoints \

" /

« 1217 patients from East Asian countries

*EGFR gene copy number
\ *EGFR protein expresy

Primary
* Progression free survival
(non-inferiority)

Secondary

* Objective response rate

* Quality of life

* Disease related symptoms
* Overall survival

» Safety and tolerability

Exploratory
* Biomarkers
*EGFR mutation

*Never smokers:<100 cigarettes in lifetime; light ex-smokers: stopped >15 years ago

and smoked < 10 pack yrs

Carboplatin/paclitaxel was offered to IRESSA patients upon progression

PS, performance status; EGFR, epidermal growth factor receptor

Mok 2009
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IPASS: Primary Endpoint of PFS exceeded — Superior not
just non-inferior

Probability 1.0

of PFS IRESSA
N 609 608
0.8 Events 453 (74.4%) 497 (81.7%)
HR (95% CI) = 0.741 (0.651, 0.845) p<0.0001
0.6
0.4 - e |RESSA
' Carboplatin / paclitaxel
0.27
0.0 I I I I | |
At risk - 0 4 8 12 16 20 24 Months
IRESSA 609 363 212 76 24 5 0
Carboplatin / 608 412 118 22 3 1 0
paclitaxel

Objective response rate 43% vs 32% p=0.0001 Mok 2009
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IPASS: Superior PFS and response rate for IRESSA In
EGFR mutation positive patients

= |RESSA EGFR M+ (n=132)

Probability 1.0 : : _
of PES —\\ Carboplatin / paclitaxel EGFR M+ (n=129)
0.8 EGEFR M+
HR=0.48, 95% CI 0.36, 0.64
p<0.0001
0.6
Objective response rate
0.4 71.2% vs 47.3%
p=0.0001
0.2

0.0 | | | | | ]
0 4 8 12 16 20 24

Time from randomisation (months)
Mok 2009

M+, mutation positive
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IPASS: Superior PFS and response rate for
chemotherapy in EGFR mutation negative patients

------ IRESSA EGFR M- (n=91)
Probability 1.0
of PFS : Carboplatin / paclitaxel EGFR M- (n=85)
08 * EGFR M-
: HR=2.85, 95% CI 2.05, 3.98
06 p<0.0001
% Objective response rate
0.4 '*-= 1.1% vs 23.5%
p=0.0013
0.2
0.0 : : o FEETTPPRIETPRITTTEATY : |
0 4 8 12 16 20 24

Time from randomisation (months)
Mok 2009

M-, mutation negative
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IPASS: EGFR mutation is a strong predictor for differential
PFS benefit between IRESSA and doublet chemotherapy

Probability 1.0
of PFS
0.8
Treatment
by
subgroup 0.6
Interaction
test, 0.4
p<0.0001
0.2
0.0

m—= |RESSA EGFR M+ (n=132)
------ IRESSA EGFR M- (n=91)

= Carboplatin / paclitaxel EGFR M+ (n=129)
-\\ Carboplatin / paclitaxel EGFR M- (n=85)
:: EGFR M+
: HR=0.48, 95% CI 0.36, 0.64
E p<0.0001
. EGFR M_ ---------
HR=2.85, 95% CI 2.05, 3.98
: p<0.0001

4 8 12

Time from randomisation (months)
Mok 2009

M+, mutation positive; M-, mutation negative
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European Indication — approved June 2009

IRESSA is indicated for the
treatment of adult patients with
locally advanced or metastatic

non-small cell lung cancer

(NSCLC) with activating mutations
of EGFR-TK.



Post-hoc subgroup analyses in a positive PIll trial
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Panitumumab in metastatic colorectal cancer

Open label Plll trial vs best supportive care in n=463 patients

PFS primary endpoint, HR= 0.54 95% CI(0.44 — 0.66). However, difference
in median PFS times only around 1 week and p=0.60 for survival.

EPAR:

In conclusion, the risk/benefit of panitumumab ...is not considered
favourable due to the following grounds:

- Only a very small effect on progression-free survival and no favourable effect has
been shown in terms of overall survival or other clinical benefit endpoint.

- The clinical efficacy observed is too small to constitute a clinical benefit and does
not outweigh the risks associated to treatment with panitumumab.

CHMP Recommendation:

Risk-benefit balance unfavourable and therefore did not recommend the
granting of the marketing authorisation.
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Re-examination by the CHMP

* The Applicant has identified a biomarker (KRAS) which allows selecting
patients who will not benefit from panitumumab treatment.

Patient population with wild-type KRAS
Patient population with mutant-type KRAS

Median g Treatment Group ‘Median
mD%--r'j';'-LL Treatment Group Events /N (%) in Weeks 100% 'u.ctc_‘_ VectbreBSC 1|E1v§;1t1529;r~1{['§?}:} in ':'Iéesks
b = Vectibix+B3C 76/ B4 (90) 8.0 0% 1 - :

4 L -

80% 80%
Hazard ratio = 0.49

i T0%

0% {95% CI- 0.37, 0.65)
| Siratified log-rank test p=0.0001
60%-] Hazard ratio = 1.07 60% |
£or (-
% | (95% CI:0.77, 1.48) 50% :
1
40% 40% :
1
0% 30% 1 :
20%- 20%- 4
10% 10%
______ l|l-..--ln——

E:Ilm-l T T T T T T T T T T T T T T T T T T T T T T T T T T CIIﬁ]_l T T T T T T T T T T T T T T T T T T T I-I--I--I-T T T

0 2 4 6 8 1012141618 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 D 2 4 6 8 101214 1618 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52

risk WBEKS . LT TSN e

* Note, tissue samples to assess KRAS status available in only around % patients
randomised
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CHMP revised recommendation

* Recommendation

Based on the CHMP review of data on quality, safety and efficacy, the
CHMP considered by majority decision that the risk/benefit balance of
Vectibix as monotherapy for the treatment of patients with EGFR
expressing metastatic colorectal carcinoma with non-mutated KRAS after
failure of chemotherapy was favourable and therefore recommended the
granting of the conditional marketing authorisation, subject to the

following specific obligations: to provide results of ongoing studies
20050181 and 20050203.
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Xigris in sepsis FDA review 2001

* Primary endpoint met with 28 day mortality 25% vs 31%, HR=0.81 (0.70, 0.93),
p=0.0054.

The data ‘show some evidence of an interaction between treatment effect,
mortality and APACHE Il quartiles; p=0.09 for the interaction.’

Table 20. 28-day all-cause mortality for all patients and for subgroups defined by
APACHE II as a measure of disease severity

thAPC Placebo Absolute RR | 95% CI
TotalIN N (%) TotalN N (%) Mort diff for RR
(%)
Overall 850 210 (24.7)* 840 | 259 (30.8) -6.1 0.81 0.70,
0.93
Apache II quartile (score)

1t +2n¢ 436 82 (19) 437 83 (19) 0 099 | 0.75,
(3-24) 1.30
3rd 4 4t 414 128 (31) 403 176 (44) -13 0.71 0.59,
(25-53) 0.85

* INDICATIONS AND USAGE

Xigris is indicated for the reduction of mortality in adult patients with severe sepsis
who have a high risk of death (e.g., as determined by APACHE lII).
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...copious amount of subgroup analyses
performed by FDA
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25t October 2011, EMA communicates Xigris to
be withdrawn due to lack of efficacy

e Xigris (drotrecogin alfa (activated)) to be withdrawn due to
lack of efficacy,

* After the annual reassessment in 2007 the CHMP concluded
that the initial efficacy results of the pivotal clinical study
had not been reproduced in further studies.

* The results of the PROWESS-SHOCK study have now become
available and they fail to meet the primary endpoint of a
statistically significant reduction in 28-day all-cause
mortality in patients treated with Xigris compared with
placebo.
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PLATO, NEJM 2009

Hazard Ratios and Rates of Primary End Point in Predefined Subgroups of Study Patient: Hazard Ratios and Rates of Primary End Polnt in Predefined Subgroups of Study Patient

KM % at KM % at
Hazard Ratio Total  Month 12 Pvalue Hazard Ratio Total Month 12 P value
Characteristic (95% CI) Patients Ti.  CL HR (95% CI)  (Interaction) Characteristic (95% CI) Patients  Ti. cl. HR (95% CI) (Interaction)
Overall Treatment Effect 1 N - N
Primary Endpoint - 18624 98 117  0.84(0.77,0.92) GPIib/lla (IE to End of Index Hosp.) E o4
New ST elevation/LBBB at rand. 068 No -8 13562 97 119 0.82(0.74,0.92)
No - 11074 101 123 0.83(0.74,0.93) Yes —et 5062 100 111 090 (0.76, 1.07)
Yes —n— 7544 94 108 0.87 (0.75, 1.01) Race i 066
First Troponin | 0.29 Caucasian E .2 17077 95 1.2 0.85 (0.77, 0.94)
Positive - 15088 103 123 0.85 (0.77, 0.94) Black _— 229 130 196 0.63 (0.32, 1.23)
Negative 2968 70 70  100(0751.32) Oriental —1— 1096 125 148 0.87 (0.62, 1.21)
Time from Index Event to First IP 017 Other —V—:—— 221 144 214 0.63(0.33, 1.21)
<12 hours — 9556 82 104  D.79(0.69,0.90) Weight by Gender-specific Median 0.04
=12 hours ™ 8884 M4 129 090(0.79.1.01) Males <82 kg/females <71 kg 9001 114 125 093 (0.82,1.05)
Planned Treatment Approach 0.88 Males =82 kg/females =71 kg 9567 82 108 0.76 (0.67, 0.87)
Invasive EE 13408 89 106  0.84(0.75,0.34)
Medically managed — 5216 120 143 0.85 (0.73, 1.00) Waist Circumference Group 0.44
TV Risk Score: UANSTEM! 02 <100 em 9627 96 111 0.88(0.77,1.00)
02 , 70 42 41 141(055231) =100 em 7978 97 121 0.79 (0.69, 0.91)
34 o 5488 82 109 0.77 (0.64,0.92) Unknown 1019 126 134 0.95 (0.66, 1.35)
57 . 4849 144 156 0.92 (0.79, 1.07) BMI Group i 073
TIMI Risk Score: STEMI 032 <30 kg/m? - 13354 101 119 0.86 (0.77, 0.95)
02 * 3889 47 62 076(058.1.01) =30 kg/m? — 5178 89 108 0.83 (0.69, 0.99)
=3 — b 337 134 152 0.86(0.71,1.04) . ) [
Medical History of MI 0.94 Final Diagnosis : 041
No - 14800 86 102 0.85 (0.76, 0.94) Unstable angina — 3112 86 9.1 0.96 (0.75, 1.22)
ves ] 24 146 172 084(071.099) NSTEMI - 7955 114 139 0.83 (0.73, 0.94)
Revascularization History of PCI 3 0.13 STEMI _+_ 7026 8.5 10.1 0.84 (0.72, 0.98)
No - 1312 91 M2 082(074,090) Other —+—1 489 91 147 0.58 (0.34, 1.00)
Yes 44— 2492 141 146  098(079,122) Mod. Isoenzyme 3A (Rand ) ! 093
Revascularization History of CABG ! 076 No - 16717 9.7 116 0.84 (0.77, 0.93)
No J} 17518 92 110 0.84 (0.77, 0.93) Yes —:*—— 1907 104 121 0.85 (0.65, 1.12)
Yes —lff 1106 195 217 0.88 (0.67, 1.15) Heparin Use (IE to end of Index Hosp.) i 0.98
Prewious TIANGA-hemommagic Stroke i 084 No 4 6696 104 126 0.84 (0.73, 0.98)
Na ] 17462 92 111 0.84(0.76,0.93) Yes - 11928 95 111 0.85 (0.75, 0.95)
Yes — 1152 190 208  0.87(0.66,1.13) Lipid-Lowering Drugs (Rand.) 0.04
Age Group i No e 3768 110 112 1.02 (0.83, 1.24)
<65 Years — 10843 T2 85  085(074.097) 088 Yes *' 14856 95 118 0.80 (0.73, 0.89)
65 vears L] 7979 132 160 0.63(0.74,084) )
<75 Years -+ 15744 86 104 082(074,081) 022 Beta Blockers (Rand.) ! 0.40
=75 Years = JETE 6B 183 084 (0.78,1.12) No - 4564 90 116 0.79 (0.65, 0.95)
] . 3
sex i . ) ) ez Yes ] 14060 10.1 117 0.86 (0.78, 0.96)
Male L] 13336 92 1.1 0.85(0.76, 0.95) I
Female — 5288 112 132 0.83 (D.71,0.97) ACE Inhibitors (Rand.) E 027
Weight Group Mo ™ 8102 94 106 0.90(0.78, 1.03)
<60 kg t 1912 131 173 075(060,0989) 036 Yes _dl_ 10522 101 125 0.81(0.72, 0.91)
=60kg - 17256 93 112 086(0.76.094) Angiotensin Il Receptor Blockers (Rand.) H 037
<B0 kg i B06H5 114 128 090 (0.9, 101) oz 1
280 kg - @513 RA 105 0,749 (0,64, 0 90) No n 16981 96 116 0.83(0.76, 0.92)
Medical History of DM 043 Yes e 1643 118 128  096(072, 128)
No L) 13962 84 102 0.83(074.092) Calcium Channel Blockers (Rand ) i 033
m;: + 4662 141 162 0.60(0.76, 1.03) . No .‘ 15888 96 113 0.86 (0.78, 0.95)
Aslaiaustralia + 1714 114 148 080 (061, 1.04) Yes Hiﬁ 2736 108 138 0.76 (061, 0.95)
CentraliSouth America 3 1237 152 179 0.86 (0,65, 1.13) Proton Pump Inhibitors (Rand.) ! 069
EuropeMiddle EasUAica L 13859 88 110 0.80(0.72 0.90) No - 12249 92 110 0.83(0.74,0.93)
Norh Amenca —— 1814 119 96 1.25 (0,93, 1 67) Yes —Ib— 6375 110 129 0.86 (075, 1.00)
Antipiatetet Therapy Prior to Index Event 043 LI e T —
Clopidogrel + ASA - 1397 158 178 0.95(0.73,1.24) 02 0.5 10 20
ASA S 5024 118 140 084 {071, 098} ) A 4)
Norne f 12147 82 100 082073, 0.93) Ticagrelor better Clopidogrel better
ASA on Day of Rand. 0.85
Mo + 927 116 138 087(060,127)
Yes - 17697 97 116 0.84(0.77,093)




PLATO: Ticagrelor Effect Apparently Inconsistent
Across Geographic Regions

= 31 pre-specified subgroup tests conducted for consistency
= No a-level adjustment for multiplicity

= Indication of qualitatively different outcomes by region

= Results in NA appear to be driven by US: HR 1.27 (0.92, 1.75)

KM at Month 12

Interaction

Characteristic Total Patients Tic Clop HR (95% CI) p-values
Geographic Region :

Asia / Australia 1714 114 1438 0.80(0.61,1.04) ) |

Cent / Sth America 1237 15.2 179 0.86 (0.65, 1.13) 0.045 _i.__

p U, |
Euro / Md E / Afr 13859 8.8 11.0 0.80(0.72, 0.90) 0.01 =L
North America 1814 11.9 96 1.25(0.93,1.67) | -
0.5 1.0 2.0
Ticagrelor Clopidogrel

Better Better
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PLATO: No Factor Potentially Accounts for the Regional Interaction with

the Exception of ASA Maintenance Dose During Therapy

80-100% of regional
interaction explained by

ASA maintenance dose
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Safety Core_v3.4

Proprietary and Confidential® AstraZeneca 2009 FOR INTERNAL USE ONLY

Relationship between aspirin dose and efficacy
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Brilinta US label

* INDICATIONS AND USAGE

* BRILINTA has been studied in ACS in combination with aspirin. Maintenance
doses of aspirin above 100 mqg decreased the effectiveness of BRILINTA. Avoid
maintenance doses of aspirin above 100 mg daily.
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Summary

1.

Pre-planned, descriptive subgroup analyses to assess internal
‘consistency’ in a positive PlII trial.

Post-hoc subgroup analyses in a positive Pl trial.
Subgroup analyses in a negative Plll trial.

Plll trials prospectively designed to formally assess efficacy in
a subgroup.

Last provides the most secure route to an efficacy claim a
specific subgroup of interest.

Requirement for a set of statistical principles to guide the
conduct and interpretation of subgroup analyses in

confirmatory trials.

Need for clarity on for the potential implications for product
labelling and drug approval.
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