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Safety in Lifecycle of a Drug/Biologic
product

Discovery

(2-10 years)

Preclinical Testing

(lab and animal festing)

Fhase |

{A0-30 heathy wilumeers psed o check for salety and dosage)

Phase |l

(100-300 patient volunteers used to check for efficacy and side effacts)

Fhase Il

{1,000-3,000 patient volunteers used to montor reachons o lang-term drug use)

FDA Review & Approval

Postmarking Testing

0 2 4 b 8 10 12
Year




Drug Safety

Pre-Approval:

 High quality data (but small)

 No "data mining"

Post-Approval:
 Low quality data (but lots of it)

 Extensive use of "data mining"
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Problems with Spontaneous
Reports

Under-reporting
Duplicate reports

No temporal information
No denominator

But, at least a suspicion of causation



Monitoring Spontaneous Drug Safety Reports

 Most reports contain several drugs and
several AEs

e FDA, vendors, PhRMA, focus on 2X2
contingency table projections

AE j = AE j =
Yes No
Drug i = Yes a=20 b=100

Drugi=No ¢=100 d=980
Total 120 1080

- 15,000 drugs * 16,000 AEs = 240 million
tables



Think about this...

Nausea No Nausea

Rosinex Ganclex 81 9
Rosinex No Ganclex |9 1
No Rosinex Ganclex 1 9

No Rosinex | No Ganclex |90 810




Both RR’ s are big! \
CNausen_

Nausea  No Nausea Nausea No Nausea
Rosinex 90 10 Ganclex 82 18
No Rosinex | 91 819 No Ganclex 99 811

RR = (90/100)/(181/1010)  RR = (82/100)/(181,/1010)
= 5.0 = 4.6

Nausea No Nausea

Rosinex Ganclex 81 9
Rosinex No Ganclex |9 1
No Rosinex | Ganclex 1 9

No Rosinex | No Ganclex | 90 810




Need a conditional analysis \
Rosinex usets... Rosinex non-usets...
Nausea  No Nausea Naunsea No Nausea
Ganclex 81 9 Ganclex 1 9
No Ganclex |9 . 1 No Ganclex . 90 . 810
RR = (81/90)/(90,/100) RR = (1/10)/(91/910)
=1.0 =1.0

“Holding Rosinex constant, the RR for Ganclex and Nausea is 1"

Nausea No Nausea

Rosinex Ganclex 81 9
Rosinex No Ganclex |9 1
No Rosinex | Ganclex 1 9

No Rosinex | No Ganclex | 90 810




Another perspective

"bad drug" dose



Another perspective

"bad drug" dose

more drug...less chance of MI. Bad drug 1s good???



Another perspective

Lspirin

"bad drug" dose

bad for aspirin users, bad for non-users!
Need a conditional analysis



Logistic Regression

 log [P(1-P)] = intercept + B (each drug effect)
— P=Pr(report with these drugs will have the AE)

 Maximum likelihood logistic regression unstable
— 10,000+ predictors (drugs)

 Bayesian/Regularized Logistic Regression
— Put a prior on coefficients (G ..., 8,), and shrink
their estimates towards zero
e Stabilize the estimation when there are many predictors

» Efficient coordinate-wise algorithms for finding posterior modes
* Interactions?



Benefits of Regression: Confounding

Cyclophosphamide - i o Al LLR (1)) and IC (°) results for
'mg?mgﬁ: G i hemorrhagic cystitis paired
Vingrelgine - it with anticancer drugs and

Bus_ulfan 7 i - mesha
Paclitaxel lA-@
Thiotepa 1 4 - «Agreement only for top drugs
Methotrexate A -® .
Cytarabine - A —o *Suspect confounding for
Fludarabine A -0 the rest
Mesna A —o
Vincristine - Ao Consider mesna:
Etoposide1 41 —e L .
Epirubicin|1 4 | —® *Only used with ifosfamide
Doxorubicin 14— 1~ and cyclophosphamides

2 0 2 4 &6 to prevent this AE
Interestingness (p or IC")

Noren et al., 2010



Benefits of Regression: Masking

Pr(AE|Drug)
Pr(AE)

Typical 2 X 2 measures based on:

Masking means that the is
distorted (too high) due to massive reporting on AE
with one drug or drug group

Example: Rhabdomyolysis and cerivastatin
-Background rate distorted because of media
attention



Other Benefits of Regression: Masking

Nefazodone A —e A -
Venlafaxine -
Citalopram -
Amitriptyline -
Mirtazapine
Clomipramine - —®
Doxepin T
Fluvoxamine —®
Escitalopram - —

Mianserin ———®

E—

_.

l__l_i_i_i_

-»—

Trazodone -
Sertraline

Paroxetine1 —e®
Fluoxetine 1 —®

"
ot--—P ey

-2 -1 1
Interestingness (B or IC")

Noren et al

., 2010

Lasso logistic regression
(7) and IC (¢)results for
rhabdomyolysis paired
with antidepressants

Clear masking effect
visible



Vioxx, Baycol, etc.
6 IOM @
2007 FDAAA @

Sentinel, OMOP, EU-ADR




Longitudinal Observational Databases

] i
g QUETIAPINE
CELECOXIB

) y w%xx VIOXX
24 3] .
s | ] ]

Qu E%APINE DLADTEAPI NE

VIOXX VIOXX

. % M % M
M78 g1 u

= 4

OLANZAPINE




Self Controlled Case Series

CVRISK=0 CV RISK =1
~ T~ N
MI VI$X
1 \l/ X 1 1 i |
] 1 1 1 ]
365 472 493 547 730

« assume diagnoses arise according to a non-
homogeneous Poisson process

e¢‘ baseline incidence for subject i

en relative incidence associated with CV risk group 1

eﬁl relative incidence associated with Vioxx risk level 1

ﬂl = 1O7e¢1 Poisson rate for subject 1, period 1



overall Poisson rate for subject 1:

A = 107e?t + 21e®1ePt 4 54t 4 183e%1e™

cohort study contribution to the likelihood:

(}\16_’}“1) X e M xe M xe M= Are”

conditional likelihood:

)'\1&_‘1 - A1
Ae=d A
1071
T 107e?1 + 21e?1eP1 + hldett 4+ 183e61e01
107

107 4 21 4 54 4 1831



Self-Controlled Case Series Method

Farrington et al.

equivalent multinomial likelihood:

107 ! 1% 0
E[:ﬂ]. 3 31} — b r ) X 1 i ) *
107 + 21eft 4 54 + 183e1 107 + 21eF1 4- 54 4- 183e°1

R4 ) 18362 0
107 + 21eBt + 54 + 183ea1 )~ \ 107 + 21ePt + 54 + 183

regularization => Bayesian approach

scale to full database?



Vioxx: A Case Study



COX-2: The Promise

« COX-2 inhibitors were designed to
minimize Gl complications of traditional

NSAIDs — adverse effects attributed to
suppression of COX-1

« COX-2 inhibitors include rofecoxib (Vioxx),
celecoxib (Celebrex), and etoricoxib
(Arcoxia)



ioxx Key Events

1991 1999 2004

Discovery Approval Withdrawal

——

—

N0 XE 25 my Important Information For Patients Taking VIOXX®E (rofecoxia)

‘nulnm b Tablets

“We are taking this action bacause we believe it
best serves the interest of patients.”
Raymond %, Gilmartin

Chainnan, President & Chicl Executive Cificer

Withdraws VIC XX

Septemle i, 2004
Merck Voluntarify

[ear VENK Paves

dussbary wialreaal of WK

ek & Co, I, ancumsiad 1 S
\ / i duta Paorms & three-year CRAICY sy L this =y,
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C17H14045



Time to Event in Days

withdrawn by Merck in Sept. 2004 because of this graph

$2.5billion in annual sales (> 10% of 2004 revenues)



Serious Consequences

» 88,000-139,000 excess myocardial
infarctions in US

e 27,000-55,000 excess deaths

David Graham, FDA



CVT potential suggested early on

December 1997, International Consensus Meeting on the
Mode of Action of COX-2 Inhibition

“although gastric intolerance was the most obvious
[adverse event], renal and cardiac toxicity were
iImportant and a probable link between these two
phenomena had been established. It is therefore
important to monitor cardiac side effects with selective
COX-2 inhibitors.”



MERCK

Research Laboratories
MEMORANDUM
DATE: November 21, 1996
TO: B. Friedman, A. Nies, R. Spector
CcC B. Gertz, ]. Bolognese, B. Daniels, E. Ehrich, H. Guess, D. Khanna, J. Mclntyre,

B. Morrison, R. Silverman, S. Simpson, T. Simon, D. Watson
FROM: T. Musliner

SUBJECT:  Anticipated consequences of NSAID antiplatelet effects on cardiovascular
events and effects of excluding low-dose aspirin use in the Cox-2 GI
Outcomes Megatrial

1. Background — prophylactic use of low-dose aspirin and risk of cardiovascular events

The largest clinical trial testing aspirin for cardiovascular (CV) primary prevention was the
U.S. Physician's Health Study, in which 22,071 men 40 to 84 years of age were randomized
10 325 my aspitin g.0.d, vs. placebo’. The aspirin arm was tenminated prematuely aller =3
years of follow-up, upon recommendation of the Data Monitoring Board. There was a 44%
reduction in the risk of first myocardial infarction (MI) (RR=0.56, 95% CI 0.43-0.70;
p<D.00001). A slightly increased risk of stroke in the aspirin group did not achieve statistical
significance, although for hemorrhagic stroke alone the RR was 2.14 (95% C1 0.96-4.77,
p=0.06). There was no significant difference in total CV montality (RR=0.96, 95% CI 0.60-
1.54; p=0.87). A reduction in risk for fatal MI (10 vs. 28, RR=0.31, 95% CI 0.14-0.68,
p=0.004) was balanced by trends toward increased risk of sudden death (22 vs. 12, RR=1.96,
95% CI 0.91-4.22, p=0.09), stroke and other CV death. Fifty nine percent of the participants
were >50 years of age at baseline and reduction in risk for MI in association with aspirin use
was only apparent in patients above this age cut-off (p value in trend in RR with increasing
age = 0.02; RR for participants <50 was 1.12). :

The only other large randomized trial of aspirin in primary prevention of CV disease was the
6-year British Doctor’s Trial in 5139 men 50 to 79 years of age’. The dose of aspirin was 500
mg/day. No significant reductions in total mortality, Mls or strokes were observed, however,
the confidence intervals were wide. There was a trend towards greater numbers of disabling
strokes in the aspirin-treated petients. There were significantly fewer TTAs in the aspirin-
treated group. A meta-ana'ysic of the U.S. and British studies” enncluded thata 33%
redoction in the risk of a first nonfatal Ml (p<0,0002) coald be anticipated with low-doss
aspirin prophylaxis. ‘The role of aspirin in primary prevention of stroke and death from
vascular canses was considered inconclusive. There are no pond chinical trizl data on the usz
of still luwer doses of aspinin for primary prevention, which might bave a more favoiable risk-

In November 1996...

...Merck scientists feared that
because selective COX-2 inhibitors
like Vioxx did not inhibit COX-1, as
did NSAIDs such as aspirin, if
patients on COX-2 inhibitors [e.g.,
Vioxx] in clinical studies were not

permitted to take aspirin...

“...there is a substantial chance that
significantly higher rates of CV AE
events (Mls, angina, strokes, TIAs,
etc.) will be observed in” them.




Against this backdrop...

Vioxx received a 6-month priority review
because the drug potentially provided a
significant therapeutic advantage over
existing approved drugs due to fewer
gastrointestinal side effects

Approved May 1999
Evidence based on many short-term RCTs
Large RCT of RA patients was on-going



In 2000 Vioxx was the
drug with the largest
direct-to-consumer
advertising campaign
in the U.S. at ~$160m.

More than Budweiser

viGXx ($146m)
B e Or Pepsi ($125m).

Available only by prescription.

For more information on VIOXX
from Merck, call 1-888-VIOXX-11.
VIOXX.CO m

)

o

Nature 436, 910-911 (18 August 2005)



What do the clinical trials show?



Vioxx Timeline

1994 1995 1996 1997 1998 i999 2000 2001 2002 | 2003 2004
[ I I | . I I I
RA/placebo s 097 (n=1058)
068 (n=658) » 098/103 (n=660)
017 (n=137) + 096 (n=909)
. 078 (n=1457)
E 126 (n=758)
* 091 (n=692) Alzheimer’s
044 (n=742) :
010 (n=219) 045 (n=775) s 116 (n=1082) OAiplacebo
040 (n=809) 085 (n=1032) 112 (n=1521) 219 (n=395)
033 (n=736) 083 (n=305) 9 (n=39
029 (n=523) 058 (n=341) 090 (n=978) 136 (n=1615) 220 (n=413)
. APPROVe (n=2612)
naproxen VICTOR (n=2433)
035 (n=784) ADVANTAGE (n=5712) VIP (n=4402)
034 (n=693) VIGGR (n=8076)
| | | | . | |
| | | | R I I
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
118 (n=160)
: 120 (n=380) Other/placebo
: 121 (n=310)
. 125 (n=172)
129 (n=17)




Time

CVT+Mortality Cumulative Risk Ratio, Vioxx versus Placebo

«favors vioxx favors placebo»

19908 —
1999 - .
2000 .
E
2001 _'
2002 P —
-
2003
.
2004
.
2005
2006
e
I [ [
0 1 2 3

Risk Ratio




Posterior Probability (1) — block effect model

probability

1.0

0.8

08

04

02

0.0

Pr(s>1.1)

cautious posterior
reference posterior
skeptical posterior
outrageous1 posterior ’
outrageous10 posteridr

_________________________________ S —rp ]
f
S, e S S S R S M L M S M M N M N M B M S M R M S M G S S BN K S N MR R R Mmoo ’ _; ______ ‘ N S_ P_ .o
- - OtP- > - T o1P
CP=cautious prior
RP=reference prior
¢ SP=skeptical prior
Q1P=outrageous1 prior
. O10P=outragecus10 prior
“ﬁTﬂP ........... ——— "'_.:.‘.__._.__.__._;_.' ____________________ S O 1.0P
| | T | |
1996 1908 2000 2002 2004
time

Jerry Cheng



Posterior Probability (2) — block effect model

probability

1.0

08

08

04

0.2

0.0

Pr(5>1.75)

cautious posterior
reference posterior
— skeptical posterior
outragecus1 posterior
outragecus10 posterior

CP=cautious prior
RP=reference prior
SP=skeptical prior
Q1P=outrageous1 prior
O10P=outrageous10 prior

time

Jerry Cheng

T
2002

T
2004



What about observational data?



Vioxx & MIl: SCCS RRs

13 claims database

Bayesian analysis N(0,10) prior + MCMC

Overall: 1.38 (n=11,581)
Male: 1.41 Female: 1.36
Age >= 80: 1.48

Male + Age >= 80: 1.68



Density

¥

overall (n=11,581)

Posterior Density of Vioxx-MI RR (1000 draws)
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Density

2.0

15

1.0

0.5

0.0

males 80 and over (n=440)

Posterior Density of Vioxx-MI RR (1000 draws)
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Density

0.3

0.6

04

0.0

density.default(x = b)

\
\.

S~

| 1
1 2

I T T
3 4 5

N =100000 Bancwidth =C.03994

June 30, 2000

RR=1.53 Pr(RR>1)=0.92




Density

3.0

2.5

2.0

1.5

1.0

0.5

0.0

density.default(x = b)

1.0 1.2

Dec 31, 2000

1.4 1.6 1.8 2.0
N =10000 Bandwidth =0.01917

RR=1.51 Pr(RR>1)=1.0




What about spontaneous
reports?



rate ratio
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Byetta (exenatide) and Acute
Pancreatitis

» Label was changed in October 2007
 FDA alert issued in August 2008

discontinue V&

Byetta if
pancreatitis
suspected

———— ST




Ehe New YJork Times

Dlabetes Drug Tied to New Deaths

__-\.'-\.' [ 0 S '-\_"--"

B ibsl-=hamad 25 TR
LILAaa] G Ld kg .I' *l P L B L
- E E-malL

The diabetes drug Byetta, marketed by Eli Lilly & Company and i PRINT
Amylin Pharmaceuticals, was linked to four more deaths in patients [ REPRINTS
with pancreatltls, adding to two deaths announced by federal [2 savE
regulators last week. SHARE

_ No definite relationship between ARTICLE ToDLS
Add to Portiolio Byetta and the deaths has been proved, }M”
:]’:;':L"nf:t::““““““m's and the Food and Drug Administration millionaire

was aware of the additional deaths

when it made its announcament last week, Amylin’s chief
executive, Dan Bradbury, said on Tuesday. The company is
talking with the F.D.A. about adding warnings on the drug’s prescribing information.

S0ty yvour Porfolio =

Byetta is Amylin’s leading product.




rate ratio
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Estrogen and M

Initially thought to be cardioprotective...

LIE wol.33 no.3 © Internatonal Eplderntological Assoclatlon 2004; all rights reserved. Iterngtional Jouwrnal of Epidendalagy 2004:33:445-453
Advance Access publicatlon 27 May 2004 DO 101093 /je/dyh125

REPRINTS AND REFLECTIONS

Estrogen replacement therapy and coronary
heart disease: a quantitative assessment of the
epidemiologic evidence™

By Meir J Stampfer, M.D.*™* and Graham A Colditz, M.D.**

Discussion

Although the findings from the epidemiologic studies are not
completely consistent, the preponderance of the evidence strongly
suggests that women taking postmenaopausal estrogen therapy are
al decreased risk for CHD. The consistency of the lindings is more
apparent in the better designed and analyzed studies.



Then the women’s health initiative RCT...

The NEW ENGLAND
JOURNAL of MEDICINE

ESTABLISHED IN 1812 AUGUST 7, 2003 VOL. 340 NO.6
Estrogen plus Progestin and the Risk of Coronary Heart Disease

CONCLUSIONS
Estrogen plus progestin does not confer cardiac protection and may increase the risk of
CHD among generally hezalthy postmenopausal women, especially during the firstyear
after the initiation of hormone use. This treatment should not be prescribed for the

prevention of cardiovascular disease,
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Discussion

Spontaneous reports and observational
studies can differ substantially

A reasonable strategy considers all
possible sources of evidence

Clinical trials (or meta-analyses of
clinical trials) provide the strongest
source

|deally, formally combine all sources in
a Bayesian framework



