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Focus of this talk

*Statistical principles apply more broadly, and illustrative examples
used in this talk are not restricted to cfDNA assays



VALIDATION OF A BIOMARKER TEST

. - Establish that the performance characteristics
of the locked down test (i.e., completely specified) are acceptable in
terms of sensitivity, specificity, accuracy, precision, as applicable

» Technical performance
 Says nothing about clinical correlations
» Poor analytical validation may impede clinical validation

. — Demonstrate that the test result is associated

with a clinical outcome of interest
 Establish clinical associations
* Many statistically significant p-values in published literature
* Not guaranteed to be useful

. — Demonstrate that use of the test results in a
favorable benefit to risk ratio for the patient

 Better clinical outcome, safer, cheaper, easier, less invasive, etc.
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PROGNOSTIC BIOMARKER

 Associated with clinical outcome in absence of therapy (natural
course) or with standard therapy all patients are likely to receive

Clinically useful: Good Possibly (?) helpful in drug
prognosis group (M-) may development, probably not
forego additional therapy that useful clinically

Hazard ratio = .18 =

+= M-, Std Trt
- = M+, Std Trt

(M = biomarker)



CHALLENGES IN EVALUATION OF
PROGNOSTIC BIOMARKERS

e Cutpoint optimization on biomarker can lead to
biased effect estimates (e.g., HR=hazard ratio)

« Composition of patient cohort matters

 Absolute risk (e.g., cumulative survival or
difference in cumulative survival) may be as
iImportant or more than “relative” risk (e.g.,
hazard ratio) for clinical purposes



CHALLENGES IN EVALUATION OF
PROGNOSTIC BIOMARKERS

 Cutpoint optimization on biomarker can lead to biased effect estimates
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CHALLENGES IN EVALUATION OF
PROGNOSTIC BIOMARKERS

Variable Discovery cohort  Validation cohort \ .
n (%) n (%)
Age . .
P Y T © Composition of patient cohort matters
> 65 129 (56.6) 125 (49.6) .

Figo stage (2009)*
11 190 (83.3) 205 (81.7)
=V 38 (16.7) 46 (18.3)
Grade

Grade 1 117 (51.3) 56 (22.2)
Grade 2 62 (27.2) 137 (54.4) Discovery cohort Validation cohort

| Grade3 | 36(158)  |36(143) | i [ e N L
Non-endometrioid® 13 (5.7) 23(9.1) =188 (7}

ey

MIe 7, TR ogd i n=155 (22)

< 50% 159 (69.7) 128 (59.8)
< 50% 69 (30.3) 86 (40.2)
LVI
No 198 (86.8)
Yes 30(13.2)
Tumor size

P T — 1
n=T3 (18} b
I'-!i-1--1--1---1--|-_|___
L T ——————
n=a7 {349]

All cases
Cumulativa survival

=1 Haph anagreesson i 7|

79 (34.6) d. i <ol PN ftoris
149 (65.4)

aData missing from 1 validation cohort case.
b8 and 8 serous carcinomas; 3 and 15 clear cell carcinomas; 2 and 0 mixed type carcinomas in the
discovery and validation cohorts, respectively.
®Data missing from 38 validation cohort cases.




CHALLENGES IN EVALUATION OF
PROGNOSTIC BIOMARKERS

 Absolute risk (e.g., cumulative survival or difference in cumulative
survival) may be as important or more than “relative” risk (e.g., hazard
ratio) for clinical purposes
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EBV EARLY RESPONSE/PROGNOSTIC
BIOMARKER: A LESSON IN ASSAY
STANDARDIZATION & REPRODUCIBILITY
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Overall survival and relapse-free survival, respectively, according to the plasma EBV
DNA “detectable” status one week after the completion of radiotherapy for patients with
advanced nasopharyngeal carcinoma (stage Ill-1V, MO) who received 10 weeks of
chemotherapy followed by radiotherapy

Wang et al, Cancer 2013;119:963-70 10




PLANNING FOR A CLINICAL TRIAL:
IMPORTANCE OF ASSAY STANDARDIZATION
AND REPRODUCIBILITY

NRG-HNO001 protocol study schema

Pre-RT Post-RT
— - e— | Arm 1: Control arm.

'_,,"7, . Adjuvant Cisplatin-5FU every 28 days for 3
/,/’ ‘ cycles

Stage II-IVB NPC

; [ strati 7
. iz and Zubro e
Detectable ; N
plasma EBV s \“\.\‘
DNA = N
T ive: 7

0 receive:
Weekly cisplatin V1 l
40mg/m2 and /1} Adjuvant Cisplatin-5FU every 28 days for 3

Arm 1: Control arm.

cycles

-
o
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EBV ASSAY STANDARDIZATION (cont.)

BEFORE HARMONIZATION
(40 samples)

NTU vs STF
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EBV DETECTION RATES: NTU 58%, CG 93%, HK 93%

Le et al, Clin Cancer Res 2013:19:2208-2215 >



EBV ASSAY STANDARDIZATION (cont.)

Intraclass correlation (ICC) for each site when compared to index site (STF)
before and after the harmonization of PCR master mixes and calibrators

ICC =
proportion of
total variation
explained by
between-
subject
variation;
0<ICC<1 with
1 indicating
perfect
reproducibility

Site Pre- Post
harmonization harmonization
ICC (95% ClI) ICC (95% ClI)
N =40 N=10

NTU vs. STF 0.62 (0.39-0.78) 0.83 (0.50-0.95)

CG vs. STF 0.70 (0.50-0.83) 0.95 (0.83-0.99)
HK vs. STF 0.59 (0.35-0.76) 0.96 (0.86-0.99)

Le et al, Clin Cancer Res 2013:19:2208-2215
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PREDICTIVE BIOMARKER

 Associated with benefit or lack of benefit (potentially even
harm) from a particular therapy relative to other available
therapy

» 3 sub-classes:
 Treatment-selection biomarker
 Enrichment-predictive biomarker
» Response-predictive biomarker

14



PREDICTIVE BIOMARKER SUBCLASSES

Effect of a particular treatment relative to some other treatment (which
may be no treatment) varies depending on the value of the biomarker

Sometimes called treatment-effect modifier, treatment-guiding

Used to enrich or select the patient population for clinical trials,
particularly for targeted anti-cancer agents

Prior evidence suggests biomarker negative cases not likely to benefit
Sometimes called selection or efficacy biomarker

Used to predict tumor response (or possibly prolonged progression-free
survival or stable disease), mostly in early phase trials

Indicator of likelihood of drug activity (e.g., single arm phase Il trial)
Improved response not always associated with prolonged survival

15



PROGNOSTIC VS. PREDICTIVE:
IMPORTANCE OF CONTROL GROUPS

— M-, New Trt
=— M+, New Trt

— M-, New Trt
=— M+, New Trt

No survival
benefit from
(e new
N treatment

, New Trt
,Std Trt
. New Trt
,Std Trt

(M=
biomarker)

New treatment for
all or for M+ only

, New Trt
,Std Trt
. New Trt
,Std Trt
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CLINICALLY USEFUL PREDICTIVE
BIOMARKER

BIOMARKER NEGATIVE

BIOMARKER PQOS:

NEW TRT > STD TRT

BIOMARKER NEG:
NEW TRT < STD TRT

Polley et al, J Natl Cancer Inst 2013;105:1677-1683
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HOW NOT TO PARSE EVIDENCE FOR A
CANDIDATE PREDICTIVE BIOMARKER

NEW TREATMENT STANDARD TREATMENT

NEW TREATMENT: STANDARD TREATMENT:
BIOMARKER POS > BIOMARKER NEG BIOMARKER POS = BIOMARKER NEG
(NOT PROGNOSTIC)

18



HOW TO CORRECTLY PARSE EVIDENCE FOR
A CANDIDATE PREDICTIVE BIOMARKER

BIOMARKER AND TREATMENT

BIOMARKER POS: BIOMARKER NEG:

NEW TRT > STD TRT

NEW TRT > STD TRT

19



STATISTICAL LANGUAGE FOR PREDICTIVE
BIOMARKERS: "TREATMENT-BY-BIOMARKER
INTERACTION"

* Treatment effect (e.g., hazard ratio) varies by
biomarker status

° Interaction: Treatment benefits all
patients but by different amounts

. Interaction: Patients “positive” for the
biomarker benefit from the treatment but others
receive no benefit or possibly even harm

Generally strive for qualitative interactions

20



PLASMA IL-6 AS PREDICTIVE BIOMARKER
FOR PAZOPANIB VS. PLACEBO?

Results of randomized placebo-controlled phase Il trial in metastatic renal-
cell cancer (Tran et al, Lancet Oncol 2012;13:827-837)

PFS (weeks) HR (95% Cl) p value

Pazopanib  Placebo Pazopanib Placebo  Interaction

Interlevkin 6
240 0-55 (0-38-0-81) 0-445 =0.0001 0.009
99 0-31(0-21-0-44) ‘

High IL-6
moopual o o Dees e
| benefit all?
e |s the biomarker
cutpoint wrong?

Time (weeaks) Time (Weeks)
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EGFR MUTATION PREDICTIVE FOR PFS
BENEFIT WITH GEFITINIB IN NSCLC

_ , 1o ﬁ';é-goAlT'ngg y (Mok et al, N Engl J Med
.E %g;i mﬂttzttlgg | 95% CI1=0.65-0.85 2009;361:947-57)
* Positive prognostic Ifs:tﬁxl_SS: (Fj’hase I(Ijl
factor ine advance
* Positive predictive adeno NSCLC
factor for gefitinib o
gefitinib

benefit (
VS.

carboplatin+paclitaxel

. p<0.001)

C EGFR-Mutation-Negative

B -Mutation—Positive —
EGFR-M ttl.{l Posit EGFR I\]/_lUJR_POf 1o EGFR MUT-NEG
9;3'()3—’0 36-(?-6 f' oo\ P<0.001, HR=2.85
0 LI=U.50-U. . 95% CI=2.05-3.98

ion-free

Surviva
Sumvival

I‘I
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Probability of Progress
Probability of Progression-free

\ 1 paclitae
1,
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IPASS TRIAL: EVALUATION OF EGFR
MUTATION AS A PREDICTIVE MARKER (OS

Assessed for eligibility
N =1,320)

Fukuoka et al 2011, J |
Clin Oncol 29:2866-2874 S Failed screening

(m=1121"

Randomly allocated
in=1217]

Marker Availability : _
I H C 30% H::ad g:tinlihm Allocation pl:zmaml o (T e =608

Treatment not started Received carboplatin‘paclitaxel in = 589)

FISH  33% =T
MUT  36% | | | |

os' PES! - os' - pr
Discontinued study In=512)  Discontinued study  {n =247} D'“[";i’:;'"”"‘d B m - :3;3 D'E:,;'“"'Ed CEip m :i;g;

Died {n =484} Died In=223) Withdrew consent n=48 Withdrew consent  (n =46
Withdrew consent {n=18} Withdrew consent  (n=13) Lost to follow-up ! n= 53 Lost to follow-up ! n= 23

Lost to follow-up {n=3} Lostto followup  (n=35) Did not meet eligibility Did not meet eligibility
criteria in=1) criteria in=1)

Still in study at 05 DCO {n =87} Remained in study {n=362)

On treatment {n =20} On treatment In=149) Still in study at 05 DCO (n=54 Remained in stud n =332
Off treatment n=77} Off trestment n=213) on traa:'vnant ! ! On treatment vl n= Dg

Off treatment Off treatment {n=332)

Intent-to-treat population* {n = 609) Intent-to-treat population® {n = 608}

VECIRTENES _ _

Evalusble-for-safety populationt in = 607] Evaluable-for-safaty population {n = 589}

aC I n g O r Ewvaluable-for-quality-of-life population? (n = 590) Evaluable-for-quality-of-life population® in =561}
Ewvalusble for EGFA mutation® in=223) Evaluable for EGFR mutation® in =214}

Ewvalusble for EGFR gene copy number® {n = 205) Evaluable for EGFR gene copy numbar® {n =201}

m a y Cases Ewvalusble for EGFR protein expression® {n =185) Evaluable for EGFR protein expression® {n =180}

Fig 1. CONSORT diagram. (*} Among the 112 patients who failed screening, the main reasons for exclusion were abnormal serum creatinine (> 1.5 = upper limit
of reference rangelfcreatinine clearance (= 60 mL/min) levels; untreated CNS metastases; or low neutrophil (< 2.0 x 10°/L), platelet {< 100 x 105/L), or hemoglobin
(< 10 gidL) counts. (1) Cutoff dates: June 14, 2010, for overall survival (OS] and April 14, 2008, for progression-free survival [PFS]. () All patients who were randomily
assigned to a study group were included in the intent-to-treat (ITT) analysis. (8) Patients who did not deviate substantially from the inclusion and exclusion criteria at
antry or from the protocol were included in the per-protocol analysis. (||} All patients who received at least one dose of study treatment were included in the safety
analysis. (1) All patients with 2 baseline and at least one postbaseline guality-of-life assessment that could be evaluated were included in the quality-ofdife analysis.
(#] Al patiants in the ITT population with an evaluable tumer sample. Of 683 patients (56%) who provided samples, 118 were cytology samples, and 128 were histologic
samples of insufficient quality and were therefore not included in the main analysis. DCO, data cutoff; EGFR, epidermal growth factor receptor.




IPASS TRIAL: EVALUATION OF EGFR
MUTATION AS A PREDICTIVE

Fukuoka et al 2011,
J Clin Oncol
29:2866-2874

Marker Positivity

11 = 0.90 {0.79 to 1.02}
Gefitinib (m = 609}

Carboplatinpaclitaxel (n = 608)
P=100

P=0.109

Intent-

Prabability of Survival
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of patients at risk:
ib 32 103 88 70 58 & 38 B 30

maonths

Gefitinib ( a6}
Carboplatin/paclitaxsl (n = 304)

Probahility of Survival

4 8 121620 2428 32 36 40 44 485

) ) Time Since Random Assignment {months)
patients at rizkc

status [0-1,
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High rates of crossover; other EGFR-inhibitors showed
benefit in unselected patients in second line setting 24



RANDOMIZED PHASE Il BIOMARKER-DRIVEN TRIAL
DESIGNS WITH TIME-TO-EVENT ENDPOINT

Note: Assume for purposes of this
° part of the discussion that the

e Biomarker-Enrichment biomarker is binary, assay is
analytically validated, and there are

* Biomarker-Strategy 2 treatment arms

» Biomarker-Stratified

e Overall survival (OS)
» Disease-free survival (DFS)
* Relapse-free survival (RFS)

Sargent D et al. J Clin Oncol 2005;23:2020-2027
Freidlin B et al. J Natl Cancer Inst 2010:102:152-160

25



BIOMARKER-ENRICHMENT DESIGN

_m :
_ Control therapy
All patients Marker assay

(R = randomization) @

Based in knowledge of biology (New agent— Molecular target)
Control therapy arm controls for marker prognostic effect
Variation: Standard therapy + new agent

Limitations:
— Off-target effects of new agent not fully evaluated
— Regulatory indication limited to marker+ group
— Marker refinement within trial (form of marker or assay) limited to marker+ group

26



BIOMARKER-STRATEGY DESIGN

All patients
Control therap
(R = randomization)

« Marker-guided treatment sounds attractive

Marker+ New agent

measured

Control therapy

Non-guided

R

»
»

Control therapy

« Might be only realistic option for complex multi-marker guided strategies, but can’t
separate biomarker and drug effects

» Must measure marker in non-guided control arm to distinguish prognostic effect

« Non-guided randomization allows assessment of new agent effect in marker—

 Statistical inefficiency

Marker— patients receive same therapy on both arms in standard strategy design
If randomize non-guided group,

27



BIOMARKER-STRATIFIED DESIGN

S i SR

S Control therapy
All patients Marker assay
-
(R = randomization) —M

: R
S . Control therapy

 Allows maximum information
— Controls for prognostic effect of marker
— Directly compares new agent to control therapy in all patients

o Allows retrospective evaluation of different markers or assays

 Variation: Standard therapy = new agent

» Completely randomized design with retrospective marker evaluation is an option, but
assay results might not be available for 100% of patients

« Different approaches to testing in biomarker subgroups (Freidlin & Korn, Nat Rev Clin
Oncol 2014;11: 81-90)

28



NEW ONCOLOGY TRIAL DESIGNS (PHASE Il & II)

* Basket/bucket trials — variety of cancer types; Single drug
targeting a single mutation

« Umbrella trials — multiple biomarker-based cohorts, each
matched to a drug; single or multiple histology/cancer types
(NCI-MATCH, BATTLE trials, Lung-MAP, ALCHEMIST)

o Platform trials - standing trial structure, multiple agents enter

and exit, single cancer type, possibly biomarker-driven (I-SPY?2
trial, FOCUS trials)

e Combinations of the above

o Abramsetal.,, ASCO Educ Book 2014, pp. 71-76 (NCI-MATCH, Lung-MAP, ALCHEMIST)
o Barker et al., Clin Pharm & Ther 2009;86:97-100 (I-SPY2)

« Kaplan et al., J Clin Oncol 2013;31:4562-4568 (FOCUS)

» Kim et al., Cancer Discovery 2011;1:44-53 (BATTLE)

o Kummar et al., J Natl Cancer Inst 2015;107(4):djv003 (review of molecular profiling trials)

A



CAN A cfDNA ASSAY REPLACE A STANDARD
TUMOR TISSUE-BASED PREDICTIVE ASSAY?

cfDNA NEG (D-) cfDNA POS (D+)
TUMOR NEG (T-) RR(T-,D-); p(T-,D-) RR(T-,D+); p(

T-,D+)
TUMOR POS (T+) RR(T+,D-); p(T+,D-) RR(T+,D+); p(T+,D+)

RR(x,y) = response rate and p(x,y) = prevalence of subgroup (x,y)

Historically, we know p(T+,.) = p(T+,D —) + p(T+, D+) and
p(T+,D =)xRR(T+,D-) p(T+,D +)xRR(T+,D+)
p(T+,D =) +p(T+,D +) " p(T+,D =) +p(T+,D +)
To justify replacement, ideally we would like to establish that

p(.,D+) = p(T+,.)and RR(.,D+) = RR(T+,.)

In reality there could be a tradeoff between p(., D+) and RR(.,D+), I.e.,
we might dilute RR(.,D +) if RR(T—, D +) is not high

RR(T+,.) =

30



DOES A cfDNA ASSAY HAVE UTILITY WHEN
USED IN SEQUENCE WITH A STANDARD
TUMOR TISSUE-BASED PREDICTIVE ASSAY?

cfDNA NEG (D-) cfDNA POS (D+
TUMOR NEG (T-) RR(T-,D-); p(T-,D-) RR(T-,D+); p(T-,

N

TUMOR POS (T+) RR(T+,D-); p(T+,D-) RR(T+,D+); p

N

RR(X,y) = response rate and p(x,y) = prevalence of subgroup (x,y

Sequential testing

1. Test cfDNA, treat with targeted agent if positive.

2. If cfDNA Is negative, test tumor and treat with targeted agent if tumor is
positive

Overall response rate with treatment according to this sequential scheme is

RR(seq) =

p(T+,D +) X RR(T+,D +) + p(T—,D +) X RR(T—, D +) + p(T+,D—) X RR(T+, D—)

31



MONITORING BIOMARKER

Considerations for clinical utility evaluation:

Can the biomarker be measured less invasively, less expensively,
or more conveniently than currently available clinical indicators?

Can the biomarker detect the change in disease or toxicity status
prior to other standard clinical indicators?

Are there clinical actions that can be taken on the basis of the
biomarker results?

Does taking clinical action lead to benefit to the patient?

32



MONITORING BIOMARKERS

Example: S0500 clinical trial
IN metastatic breast cancer

» Measure circulating tumor
cells (CTCs) in whole blood
(WB) at baseline and after 21
days of chemotherapy

» Does switching to an
alternative chemotherapy
iImprove outcome for those
patients who have persistently
elevated CTCs (= 5 per 7.5 mL
WB) after 21 days of therapy?

Smerage et al. JCO 2014;32:3483-3489, Figure 1

CONSORT Diagram

Registered for screening
(N = 624)

Excluded
Initial CTC test not completed (n=17)
Ineligible after review (n=12)

Initial CTC evaluation completed
(n = 595)

!_I—\

Initial CTC <5
Arm A (n = 276)
Low risk

Excluded
No day 21 CTC (n=31)

Day 21 CTC evaluation completed
(n = 288)

V—l—\

Day 21 CTC <5 Day 21 CTC=5
Arm B (n = 165) Arm C (n=123)
Moderate risk High risk

I—‘

Randomly assigned
(n=123)

!—I—\

Arm C1 (n = 64) Arm C2 (n = 59)
Maintain therapy Change therapy 33



MONITORING BIOMARKERS

Example (cont.): S0500 clinical trial in metastatic breast cancer

e CTCs confirmed to be prognostic throughout the course of therapy

« Switching to an alternative chemotherapy for those patients who have
persistently elevated CTCs (= 5 per 7.5 mL WB) after 21 days of therapy
DID NOT IMPROVE outcome (OS or PFS)

—n__ Deaths Median
= Arm A 276 155 n__Deaths (months

Arm B 165 115 == Arm C1: Maintain therapy 64 55 10.7
- Arms C1/C2 123 107 i Arm C2: Change therapy 59 52 12.5

B Log-rank P= .98
L0

(probability)

©
2
=
—_
3
0]
‘©
E
@
>
o

Overall Survival
(probabhility)

12 24 36 48 60 6 18 24 30 36 42 48
Time Since Initial Registration (months) Time Since Random Assignment (months)

240 166 87
123 70 38 Arm C1 64 47 30 18 10 5 3 3 1

65 21 7 Arm C2 59 44 31 18 7 7 4 2 1

Smerage et al. JCO 2014;32:3483-3489, Figure 3A (left) and 2A (right)



MONITORING BIOMARKERS

Example (cont.): S0500 clinical trial in metastatic
breast cancer

Possible reasons why might the study have failed to generate
a positive result

e The treatments available were not effective

e CTCs were not measured at the right time or quantified in the right
way

« CTCs were not molecularly characterized

For additional helpful discussion of design issues for tumor biomarker monitoring trials see:
Soletormos et al. Clinical Chemistry 2013;59(1):52-59 35



SUMMARY

Identifying the clinical setting and defining the clinical
guestion is half of the battle

Clinical utility of a biomarker test will usually depend
on the availability of good treatments other medical
Interventions

Analytical validation, clinical validation, and clinical
utility must all be considered in the translational
process

Careful planning will be required to acquire and make
best use of available specimens

JONAL
CER

INSTITUTE
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