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InrPhase [IFfand it clinical trials; sarety. s
traditionally’analyzed by’ descriptive methods:

AE tables (overall, by severity, by causality)

Laboratory/ECG/vital signs shift tables and counts of
clinically significant abnormalities by timepoint

Descriptive statistics on continueus
laboeratory/ECG/Vitallsigns parameters
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Phase llFandlliFtrials are ordinarily designed
Withr efficacy as the primary target

Sample sizes are designed to be sufficient for
detecting a difference between active and
placebo with respect tos efficacy endpoints
PUt net necessarily: for detecting al safety.
Signal
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Traditionally, the definitive nvestigation of
the safiety off al new drug is performed at the
end of the development program in
integrated analyses combining safety data

from all Phase Il and |l trials in the ISS

The same analyses as those performed on
safety datalinindividual studies are repeated
o thelintegratedisaliety database at the ISS
SaPe
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This traditional approachlis “obsenrvationalin
nature rather than “experimental™:

— The idea is to cast a wide net and identify safety.
signals

— But this approach does not involve a pre-defined
ypPOLthEesIS about SpPECITic safety endpoints
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Increasingly, in' Fecent Vears, it 1S BeECOMINg
evident that this approachiis not sufficient for
most drugs

Studies designed specifically to test
hypotheses about safety are becoming a
fequirement fior almost every new: chemical
SRy,
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This trenad s nerdoubt a consequence of well
publicized safiety issues in a few widely usead
drugs in the past ten years:

— Black box labels
— Withdrawals from market of popular drugs

— [ aWsuits
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[hErerore, there IS a clear reEnewWed eEmpnasis
on drug satety in today’ s regulatory

environment with impact on study design and
statistical analyses:

— Specialized studies designed to test hypotheses
about safety

— New requirements for additional analyses
IAvolving inferential statisticalimethods applied to

Individiuiaifstiidiesiand satiety dataldaSes o Enile
g EeVvelopmENTPROeLamS
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There are many: such “SpeciallSatety,
Concerns” resulting in additional/extra

requirements for investigation of safety
related hypotheses

Usually'based on
— the drug class

— the target patient population— age, SEX; liaCe,
dISEBSE SEVENIDY
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We will'address thiree examples of specialized
safety studies/specialized safety analyses

— Heart Archythmias — Q1/QTc interval prolongation
— Hepatotoxicity- Liver function test elevations

— Suicidality/Suicidall ideation

Examples have beeniselected vased onthell

ielevancertermany driegsinidifferent
classesyindicatiens/pPetiEnt popllaticns
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Examples off more specialized population-
specificiand/or drug-class-specific safety
studies include specialized studies to
investigate the safety of corticosteroids:
— HPA axis suppression studies

— Pediatric growth suppression stUdies
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Arrhythmigs: @iy/Qic Interval Proleongation

In the past decade, the single most common
cause of the withdrawal or restriction of the
use of marketed drugs

A significant prolongation of the QI interval s
a biomarker o pro-arrhythmic risk including a
poentialiyiiatal condition: torsad erd e PoINTES




QI Interval—ECG tracings:
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QI interval prolongation’induced! by the
Uusage ofi a given drug is detected from ECG

tracings as shown in the 2004 NEJIVI article by
Roden
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Figure 1. Rhythm Recordings from a 7&6-Year-Old Woman with Renal Dy sfunction Who Was Treated with Sotalcl for Atrial
Fibrillatiomn.

Panel & was recorded after spontansecus conversion to sinus rhythm. There is a premature atrial beat (star) followed by
a pause, and the subsequent sinus beat shows marked QT prolongation and deformity (arrow). Panesl B was recorded
several minutes later and shows a typical episode of torsade de pointes: there is a four-beat run of polymorphic ventric-
ulartachycardia, a pause, and a sinus beat with a long and deformed QT interval (arrow), interrupted by ancother episaode
of polymeorphic ventricular tachycardia (torsade de pointes). This pattern of onset — a short cycle followed by along one
followed by a short one — is typical of drug-associated torsade de pointes. Risk factors in this case included fermale sex,
the administration of sotalal in a patient with renal failure (causing increased drug lewvels), and recent conversion from

atrial fibrillatiomn.

Roelan DV Drg=lgieltesel Prolorigzition g drie CFF lpridevell NELYE 20020250 0151027
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Drugs that have been withdrawn from the
market because they cause torsade de pointes
had a population mean increase in the QT
interval estimated to be as smalllas 5 to 10 ms
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Therels aninverse relationship between Qi
interval and heart rate. Therefore, it is
necessary to correct QT for the heart rate and
calculate a corrected QT or QT c.

It IS not clear whether arrhythmia
development Isimoere closely related toeran
INCrEasE N theakselute @QiFinteral or @IiG.
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Vietheds o @I correction:

— Fridericia’s correction: QlcF = Ql/RR %=
— Bazett’s correction: QTcB = QT/RR °

— Pooled correction: Linear Regression

— |ndividuallcorrection: Linear Regression
— Note: RR=60/HR
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Corrections based on linear regression
technigues (pooled and individual)

Linear regression of QT on RR
Estimate the slope; in the equation
QI = a + b(1-RR)

Use brfioradjusting the Qi to a normalized
HEartiraite ol 60/ and deRVing the @iic
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ICHI=Ed4— @ctoper 2005: Clinical Evaluation of
@i/ @i Interval Prolongation and! Pro-arrhythmic
Potential for Non-Anti-arrhythmic Drugs

“This guidance provides recommendations to

SpPONSors concerning the design, conduct, analysis,
andlinterpretation of clinical studies te assess the
potential off a drug to delay cardiac repolarization.
Ihis assessment should include testing the erfects of
nEW agentsion the @iy/@iic interval asiwell asithe
collectionioircandioVascllar adVERSEIEVERLS:
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GUidance: thoroughiinvestigation off potential
fior QI/Qlic prolengation| is recommended for

— All systemically bio-available new: drugs

— Excludes topically active medications and anti-
arrhythmic medications

— |ncludes approved drugs investigated for new
foutes of administration or higher doSages, NEW.
patient pepulations/indications

—ESspeciallyiimportantierdirlsgs wWithin a =SUSspect
driuig Classy
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Individualized approachi based on:

— Pharmacodynamics/Pharmacokinetics
— Safety characteristics

— Proposed indication
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Determine Whether the diftg has a threshold
pharmacolegic effect on cardiac repolarization

“a negative ‘thorough QI/QTc study’ is ene in which
the upper bound of the 95% one-sided confidence
intervall for the largest time-matched mean effect of
the drug on the Qlc interval excludes 10 ms."

This study:Is preterably conducted early inithe
development planiandiis used te determine the
Intensity ot ECGE datalcollEctiontdUng late stage
StUdiES REIUIREthEpIVetals:




Adeguate andwell-controlled
Randomized
Placebo-controlled

Active-controlled for assay sensitivity
Double-blind

Preferable; to inclide a supratherapeutic dose

Viostiefteniconductediin healthy velunteess (orin
PAtIENtSTOIRCOMPOURCSIWHEENVOIUALEERSTUGCIES e
O PESSIWIEEre CYILOXIC ONEOOEYACOMPLURGS)




Crossoever trials

— 1 is usually areund 50ifor a crossever study (depending on
the number of treatments compared)

— An appropriate treatment, period, and carryover balanced

crossover design should be used — Latin square design
— An adequate washout between periods is necessary.

— For many drugs, crossever trials are preferred due to the
small'sample;size and anility tercorrect Qi on an
Individualized vasis




Parallel group trials

— n IS usually around 60 per arm for a parallel group
study.

— Parallel trials are preferred for

o drugs with/long elimination half lives and potential of
calryover effects

o situations where multiple deses off the drug are tested
IR the thoreugh @i trial
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tiple, centrally read ECGS

tiple timepoints for measurement of ECGS
ith matched baseline timepoints
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liming or the ECG measurements must take
iInto consideration the PK/PDiprofile of the
drug including most importantly the Cmax

ICH E14: “duration of dosing or dosing
regimen shouldl be sufficient to characterize
the effiects of the drug andlits active
MEtaBliteS at rElEVant concentrations.
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The matching baseline Value for each post=dese
opserved ECGIis the value at a timepoint oni baseline
day corresponding to the post-dose timepoint.

The change from  baseline is calculated for each
patient at each observed post-dose timepoint.

The maximum) off these changes firom baseline is
calculated for each subject (or for eachisubject in
eachiperiod o crossover stldies).

Featment armsiarelcompared ased GRrthls
maximumichengeromieselinEN Aol e
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The 95% ene-sided' confidence intervallof the
difference of the means is constructed pPased on
appropriate models depending on the crossover or:
parallel study design.

Assay: sensitivity is established via the placebo-
positive control comparison based on a threshold of
10rms.

The study drlg s effect on the Qi intenrval
prelongation s asSESSEd Wased on the placeho
VErsUS stUey driie CompPaRISGnruSingG the'Same
uheshelcieirlONns:
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A positive study dees net necessarily meanithat the
drug Is pro-arraythmic, rather it is a signal for more

rigorous evaluation off ECG datal in later stages of the
development program.
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Inraddition terthe analyses ol mEeans) categorical
analyses are also recommendediin ICH E14 based on
the number and percentage of patients meeting or
exceeding some pre-defined threshold or upper limit

— Absolute QTc interval prolongation:
Qllc interval > 450
Qllic interval > 480
Qllic intenval > 500

— Chiangeriromibaselinein @icintervalk
@icintervallincreases fioninaseline >30

@iichntervalNncreasestirom vaseline> 60
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Change in QTe interval (mseac)
Mote: Increase <30 msac "Momal’, 20-60 msec "Concarn’, =80 m=aac "High'

Figure 1. Empirical distributon function for maximum change in QTc.

Amit O, Heiberger RM, Lane PW. Graphical Approaches to the Analysis of
Safety Data from Clinical Trials. Pharmaceut. Statist. 2008; 7:20-35.
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Mumber of subjecis at visil
Drug A 209208 200 %2 184 177 160

Drug B 405384 g2 a7 218 311 289
Mote: increase <30 msec 'Normal’, 30-60 msec 'Concern’, >60 msec "High'

Figure 2. Boxplot of change from baseline in QTc¢ by time and treatment.

Amit O, Heiberger RM, Lane PW. Graphical Approaches to the Analysis of Safety Data from
Clinical Trials. Pharmaceut. Statist. 2008; 7:20-35.
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& Drug A & Drug B

Mumber of subjects at wisit

Crrug A 218 210 20& 199 191 184 = 169 164
Crrug B 43231 423 384 362 EFT M5 311 299 2932

Mota: Wartical lines reprasant 25%c confidenca imnarnals; LOOF is last obsarvation carried forsard
Figure 3. Mean (95% CI) change from baseline in QTc by time and treatment.

Amit O, Heiberger RM, Lane PW. Graphical Approaches to the Analysis of Safety Data
from Clinical Trials. Pharmaceut. Statist. 2008; 7:20-35.
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DILI s the other major diilg satety issue affecting a
wide spectrum; off drugs from various classes and fior

many: indications

Viost common cause of marketing withdrawals in
the past 50 years

Severe DILI can leaditolliver failure, need for liver
transplantation) andiin Some cases death

EDA it GlIdEnCE toN RSt/ = OCIoRERZ00Y,




DIl s typically ar rare side effect; Rence, one may not
ObServe any cases in a drug development program
consisting of several thousand subjects, even if the
drug does cause severe liver injury

While actual severe DILI may not be observed inia
program, a drug's potential for severe DILI can be
revealed throughiclinical laborateny/ data— LiVer
EURCHIGANIESTS
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The type of liVer injury that canilead te rare cases of:
severe DILIis called Hepatocellular Injury.

— Hepatocellular injury results in the release off ALT and/or
AST from injured liver cells into the blood

— Many: drugs cause mild hepatocellular injury as evidenced
by liver enzyme (ALT or AST) elevations, but may: not cause
DILI unless:

INjURYSEVErE eneughiterinterfere with the liver sianility
ve)clear pilirtibin

ARSI thENmBrErsSERSItIVENIVERENAMENTOIRC ETECHIGN
g ng gaieptizliior DL
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Elevation ofi liver enzymes ALT and AST

pbeyond 3x Upper Limit of Normall (>3xULN)
— High sensitivity but not high specificity for predicting DILI

— |ncidence of >3xULN shouldl be analyzed inicomparison to
placebo or other drugs proven to have no hepatotoxicity:

— Conventional to leok at the following thresholds:
>S)ULENESEXULENSBXULEN>AISXUEN - ane >20xUIEN

= UstgliVAperiormed on theNntESa e dataloasE Ol Pl aCEN D
contrellEdrstlidiEs d UE o aENESS OIttHESE EVENTS

— Conflozlfe eletjg arsis olzlcage — Fisndrs Bicler fasi
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Incidences o >10xULNfandithe higher
thresholds aboeve should be looked at for all
studies using the entire integrated database,
Including uncontrolled trials, since such high

elevations are a clearer signal
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Elevations of other'liver enzymes: GG, LDH, ALK
PHQOS should be descriptively analyzed using the
same cut points as used for the ALT and AST analyses

Total Bilirubin (TBILI) is analyzed using a different set
of threshold values:
— SAXULN: S1.SXULEN: S2%U LN >SxULN
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ATsensitiverand SpeCiiic method oiridentiying dries
that: may cause’severe DILI:

— The drug causes hepatocellularinjury: shown by a higher
incidence off ALT or AST elevations (>3xULN)iin the drug
versus placebo (or a non-hepatotoxic control agent)

— Some subjects with extreme ALT or AST values also show
elevation of serum TBILI >2xULN, without initial findings of
cholestasis [serum alkaline phosphatase (ALK PHOS)
>2xULN]

— N other reason can ke found te explain the combination
oifincreased ALIForrASIFand B, stuch as Vikal hepatitisiA;
BHORE, pre-existine o cUtENIVERGISEESE) Ol anotherdrie
CaPBIEIOIRCAUSINEtHE CISERVECN AU
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The incidence of severe liverinjury(severe DIL) iarthe
population is estimated to be one; tenth off the rate of Hy:'s
[law’ cases (DILI)

Rule of 3/ (based on binomial distribution): There will'be at
least a 95 percent chance of obSserving one or MOore Cases of
DILI'in 3n study subjects if its true incidence is 1 in n subjects

Example: inia typicall NDA database of 3,000 subjects, if no
Hy s Llaw! cases are observed, it can be concluded with 95
pPercent confidence that the true rate of SUCh OCCUKFENCES) IS
not more than'd per 1,000. Therefore, the expected rave ofi
severeliverinjuriis s 1 per 10,000 eExpesed pPatients

NIDAERABIFASSUmISsionsishouldNnclUdE aNIStnE G pPeSSIb]E
BV EEWACASES e nE a e tiVesUmmai o ESCHICASE




Eurther analyses of pattern of liver injuky: viaiexamination of
combinations of elevated liver enzymes

Survival analysis methods applied to the analysis of time to

onset of ALT elevation >3xULN

Analyses of time to resolution off ALT elevation (both on-drug
and off-drug resolution)

Analyses ofiincidence; off AL and AST elevations by sex, age)
and race

IncidEence o AES associaved Withrhepavetoxicityidentired
Using thenepaticIVIEADRANSIVI@)
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oDrugA ADrgB

Number of subjects al visil
Dryg A 215209210 180 105 163
DrugB 427404375 365 844 325 27

Figure 4. Distribution of ASAT by time and treatment.

Amit O, Heiberger RM, Lane PW. Graphical Approaches to the Analysis of
Safety Data from Clinical Trials. Pharmaceut. Statist. 2008; 7:20-35.




ASAT
o Dinug A (R=209) a Drug B (M=405)

For ALAT, ASAT and ALK PH, the Clinical Concarn Lavel is 2 LILM;
For BILTOT, the &CLIs 1.5 LILM; wheara LILM is the Uppar Leval of Mommal Rangs

Figure 5. Distribution of maximum liver function test values by treatment.

Amit O, Heiberger RM, Lane PW. Graphical Approaches to the Analysis of Safety
Data from Clinical Trials. Pharmaceut. Statist. 2008; 7:20-35.




Patiznt: 5152 Whits Male Age: 48; Drug: A Patient: 416 White Male Age: 64; Drug: A

TE 100 125 180 17s 200 =0 TE 4100 125 150

Patiznt: &850 Whits Male Age: 51; Drug: A Patiznt: 5269 Whits Femalk Age: 48; Drug: B

-25 ]

& ALAT 0 asaT A ALKPH ¥ BILTOT

For ALAT, ASAT and ALKPH, the Clinical Concern Level is 2 LILN:
For BILTOT, the CCL is 1.5 ULM; where LULN is the Upper Leveal of Mormal Rangs

Figure 8. LFT patient profiles.
Amit O, Heiberger RM, Lane PW. Graphical Approaches to the Analysis of Safety
Data from Clinical Trials. Pharmaceut. Statist. 2008; 7:20-35.
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Arrelatively recent drug safety, concern that started
Withranti=depressants and s now investigated fior
other classes of drugs including anti-epileptic drugs
(AEDs), and others used! in teenage subjects

No guidance document

Historically, concerns regarding the suicidality
potential have arose from post-marketing reports

Resulting in requests fromi regulatory bodies to
SPENSOrS Tor FetrospectiVve analySes of the entire
clinicalldataase oiiseme approved diftigs
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OnJuly 10 2008, ajoint meeting Was heldfvetwWeen the
Peripheral and Centrall Nervous System Drugs AdVisory,
Committee (PENS) and the Psychopharmacologic Drugs
Advisory Committee (PDAC)

The joint meeting reviewed the results off a meta analysis

conducted by the EDA staff combining data across 11
different AEDs

The search methods and statistical technigues used for these
analyses appear to represent the current prererences of the
Agency. for investigation of suicidality potential off drugs

ThEese methodsiare detailedin alune; 12, 2008 brieling by the
Pivision et Neurelogyireleased infadvance off the joini
CVISORVAMEEINE
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Include all double-blind, randomized, placebo-
controlled, parallel-group, multiple-dose clinical
trials conducted withi the specific drug with at least
201 patients or subjects per treatment arm

Include all multiple-dose, placebo-controlled
crossover trials but use the fist period data only.

OniViinclude; eventsithat occurr durng the double:
PIING PHASE Ol tEatMERT, IR Within i day el stepping
iancemized treatmentinttheserunials
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PSRAES are identified through a searchi ol Specitied
text-strings in the adverse event data casting a wide
net

— Examples of search terms: “accident, “attempt”, “burn®,

' 1)

cut”, “drown”, “self damage™

All deaths and other serious adverse events (SAES)
areincluded amoeng the PSRAES

Al CVENSEIEVENTS Coted asi accideEntalNnjiiZ are
IRCIUC e amMGREtHENPSRAES
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Any terms incorrectly identified by this searcn
Pecause the text string was a substring of an
unrelated word'is not considered as PSRAEs (false
positive)

Eor each PSRAE (excluding false positives), a
narrative is prepared




Based on blinded versions off the narratives, the
PSRAES are classified as

1 = Completed suicide

2 = Suicide attempt

3 = Preparatory acts toward imminent suicidal behavior
4 = Suicidal ideation

5 = Self=injurious behavior, intent Unknoewn

6= Not eneugh information, fatal

7 =Nt eneughiniormation, nontidital




The primary endpoint'is Suicidal' Behavior or' ldeation

A patient is considered to have suicidall behavior or
ideation if the patient has any: of the following
suicidality events:

— Completed suicide

— Sujcide attempt

— Preparatory acts toward imminent suicidal enavioy

= SuicidalNdeation
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Wo secondarny endpoints are derined as follows:

Suicidality: A patient is considered as exhibiting
Suicidal Behavior if the patient has any of the
following suicidality events:

— Completed suicide

— Suicide attempt

— Preparatory acts towardiimminent suicidal behavior
Suicidalildeation: A patient IS categorized as having

the endpeint Suicidalildeationiirthe patieEnt has eniy,
arSuicidalNdeation event and nersuicidalit/ EVERLS
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e preterred primary analysisimethodis the exact
method for a stratified odds ratio

TThe associated 95% confidence interval should be
calculated

Tiriallis the stratification factor

Note: the exact method for a stratified edds ratio
doees not make use ofi trials with zere events




The Mantel=Haenszel risk differencerand the
associated confidence interval Which includes data

firom| zero-event trials should be used as aisensitivity
analysis

To assess the possible effects of trial heterogeneity on

the primary analysis, the triallweight of the Mantel-
Haenszellodds ratio estimator can be used to
guantitatively identify trials with large influence

[iFonE o moexre thials have large influeNCe 0N the rEsults
Ol the pPRimarRy anaiNsis) argeneralizedinear mixed
MEeEEIMIlINENISECRGIESTIMatErthE oVEralleddsaitio
IRHENPESERCEIORUIIEINMELEOEENEIDY,




RECOmMMmMENdEd ata minimumiTor the primary
endpoint by

— Age Group

— Gender

— Race

— Trial Setting/Location (e.g., US versus EU)

— |ndication




Dirug OR (95% CI) [Sample Sizes]®
Carkam azepine 0.85 (D.OE,4.42) [2/252 2/250)

Divalproex 0.72 (D20, 1.84) [11/1227 0/992]
Felbam aie MD_{MD_ MD.} [DMT00MT0]

Gabapentin 1.57 (0.12,47.88) [2/2903 1/2029]

Lam otrigine z0a (103, 4.40) [2T/2885 11/2070]

Levetiracetam 275 (DE2,1B0.38) [BFf2554 2/1540]

Oxcarbazepine 181 (D15, 5633} [2/1342 1/227)

Pregabalin 1.28 (D41, 13.58) [F/7201 2/3125]

Tiagabine inf (0.20_inf) [2/635 O/&608]

Topiram ate 2.53 [(1.21.5.85) MOT742 B/A9TF1]

Zonisamide 2.52 (026,6T7.94) [BS872 1/233]

1.820 (12«4,2.49} [D4/27383 3I2M6029)

3.2

COdds Ratio

*Treat Events/Treat. n Plac. Events/Placebo n]

Figure 2: Suicidal Behawvior or Ideation Odds Ratio Estimmates, Placebo-Controlled Trials.

Katz, R. FDA Briefing Document for the July 10, 2008 Advisory Committee
Meeting to Discuss Antiepileptic Drugs (AEDs) and Suicidality. June 2008.
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Eor moest new drugs submitted for marketing
approval today, the traditional descriptive sarety
analyses are no/longer suftficient

Sponsors are expected to conduct at least one

special safety study in their development programs
and include complex analyses in their Clinical Study
Reports and Integrated Safety Summaries

There IS clearly an expanded rele for statisticians in
e anea el drug safety evaluation
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