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‘ Study Motivation

= Merck & Co.’s voluntary worldwide withdrawal of rofecoxib
(Vioxx®, COX-2 inhibitor) on 2004/9/30
=> COX-2 inhibitor

= New nonsteroidal anti-inflammatory drugs (NSAIDs)

Selective NSAIDs (vs. nonselective NSAIDs)
m  Clinical use

O Relief of pain/inflammation
0 Counter GI complications in nonselective NSAIDs (15%)
2>Updated drug safety information (information shock)
= APPROVe trial (rofecoxib vs. placebo)
O after 18 months of rofecoxib use
3-fold risk (RR 2.80; 95%CI 1.44-5.45) of cardiovascular events
->Huge market impact due to information shock?
= Annual sales : > 2.5 billion US dollars
= Over 80 million users

| Background

Impact of information on pharmaceutical market
= Information

o Information 2>demand for pharmaceutical > pharmaceutical market
= Information and drug use
0O Patients

Direct-to-consumer advertising (Spence et al, 2005)
0O Physicians (Perceived efficacy and safety of drugs)
= Scientific journal papers (Azoulay, 2002)
= Preference/royalty to specific products (Schneeweiss et al, 2005)
= Colleagues/peets (Coumon et al, 2006)
m Information shock (drug safety signals)?

> Raise uncertainty on demand for pharmaceutical
> How patients and physicians respond to the uncertainty?
> The market impact of information shock?




‘ Objective

= To investigate how information shock affect
the demand for pharmaceutical?
a Event study: the withdrawal of rofecoxib (2004/09/30)

> Changes of COX-2 inhibitor use in RA or OA patients
after rofecoxib was withdrawn from the market

= We specifically estimated the market impact from changes:
0 in behavior of the patient

0 in behavior (prescribing pattern) of the physician

| Study Design

m Outcome

2 Volume of COX-2 inhibitor in 1% post-withdrawal
RA/OA visit for each patient

- Two stage modeling strategies
M
0 Model 1 (patient); (Continuity,)=a + ffx+¢&
0 Model 2 (physician); (PerceivedRiskpy) =a+fx+¢

2)
0 Model 3; (patient-physician pair)

(Vol.,., ,.) =5 %(Continuitypt )+ 5, %(PerceivedRiskpy) +Gx+¢




| Assumptions

m Post-withdrawal COX-2 inhibitor utilization
patterns
a Stop use of COX-2 inhibitor

o Shift to COX-2 inhibitor which is still available on the
market
m Celecoxib (Taiwan’s NHI)

‘ Data Source

m Our data were consisted of two parts:
a Patient
= 2002-2004 NHI outpatient and inpatient visit records
= 2002-2004 NHI registry for beneficiaries
0 Physician
= 2003-2004 NHI outpatient and inpatient visit records
= 2003-2004 NHI hospital contract database




Two-Stage Modeling Strategy

Stage I model-patient (model 1): study subject

Index Date

‘Withdrawal
First prescription (2004.09.30)
(2004.04.01-2004.09.30)
1-year prior medical history
1. History of CV events
(1) AMI Cohort.1
(2) angina COX-2 inhibitor
(3) stroke Celecoxib (Celebrex®)
(4) TIA QOutcome
2. Concomitant diseases Cohort.2 Measurement

(1) Hypertension

(2) Hyperlipidemia
(3) Diabetes Mellitus
(4) Heart failure

COX-2 inhibitor
Rofecoxib (Vioxx®)

Post-withdrawal
Ist RA/OA visit

(5) Chronic kidney Cohort (control)
discases Conventional NSAIDs
(6) GI perforation, ulcer,
or bleeding
3. Drug use

(1) Celecoxib

(2) Rofecoxib

(3) cNSAIDs

(4) Gastroprotective drugs
(5) Anticoagulants

(6) Corticosteroids

(7) Low-dose aspirin

Inclusion Criteria

1. Patients who had >=3 RA or OA visits

2. Patients who filled at >=3
prescriptions of study drugs

3. Pure exposure to a study drug

4. Last prescription of study drug less

than 90 days to 2004.9.30

Two-Stage Modeling Strategy
Stage I model-patient (model 1)

= Logistic regression:

Viaoa = 1
ST T 4+ B + £

o
log( Viraoa =0
0 Dependent variable (Continuity):
= First post-withdrawal RA/OA ambulatory visit (Y=1, N=0)
0 Covariates (C,,)):
= Patient's characteristics
0 Demogtraphics (gender and age) at the index date
0O 1-year prior medical history
= CV events, gastrointestinal events and other concomitant diseases

O 1-year prior drug use history




‘ Results
Patients’ characteristics at index date (model 1)

Table 4.1: Patient characteristics at index date {model 1)

celecoxib rofecoxib cHSAIDs P-value
n (%) i) n (%)

13101(1003 BT63(100) 46340 (1000
Age (mean [SD1) S7.41 [13.15] 8a.61[12. 28] 64.02[14.00] | <O, 000144
Women (n (%30 B949(68.51) B9BA(68.28) 2TEI0(60.19) | <0.00014%%
Treatment duration (mean[8D]) 122.86[64. 18] 118.20[51.98] || 94.97[62.04] | <0.0001k%+
Diagnoses in preceding year (n(¥%))
Rheumateoid arthritis 3TTE(28.82) 1804(20.659) 5206(11.23) <0, 000 1hwx
Ostecarthritis T288(EE.63) E441(62.09) 23321 (E0.48) | <0.00014%%
Any cardiovascular events 24165(18.43) 1811(20.67) TaT9(16.92) | <0.0001%%*
Myocardial infarction 173(1.32) 1231(1.49) 820(1.34) 0.489
Angina 212a8(16.24) 1672(17.94) 8439(13.90) <0, 000 1hwx
Stroks 111(0.85) TTL0.88) 287 (0.62) 0.003%%
Transient ischemic attack 227(1.73) 18E(2.11) 688(1.48) <0 00014
GI avents 3116(23.78) 22BT(25.76) 8T42(18.68) <0.0001%%%
Hypertension 5112(46.66) 4286(48.91) 20439(44.11) | <0. 00014
Heart failure 5332(4.07) 374(4.27) 1431(2.08) <O 000NNk
Diabetes mellitus 2263(17.27) 1E6E(17.88) TE2T(16.48) <0, 000 1wk
Chronic kidnay diseass EB6(4.47) 429(4.90) 1469(3.17) <0. 00014k
Drug use in preceding year (n(%))
Celacoxib S389(64.03) 2161(24.686) 48932(10.E8) <0.0001%%%
Rofecoxib 2180(16.64) E421(61.86) 3EB0O(T.04) <0.0001%%%
Conventional NSAIDs 12397 (94 .63) TEEE(2T.36) 4008486 .50) | <0.0001%%%
Gastroprotective drugs 3938(30.08) 2868(32.73) 11776(26.41) | <0.00014%%
Anticoagulants 182(1.28) 122(1.47) 248(0.75) 0L 0001%%
Corticosteroids E131(39.18) 3006(34.30) 11301(24.38) | <0, 000144
Low-dose aspirin 282E5(21.56) 1911¢21.81) TE2T(16.89) | <0.0001+%%
% p=0.05 %% poDOL **% 5o0.001

‘ Results
Model 1 (logistic regression)

= Study population
o 13,101 celecoxib and 8,763 rofecoxib /(control: 46,340 cNSAID)

= Probability of patients’ continuity to his/her RA or OA

visits
o Celecoxib cohort (ref: ctNSAID): OR 1.15[1.09-1.22]
o Rofecoxib cohort (ref: cNSAID): OR 1.11[1.04-1.18]
o Experience in use of study drugs

= High use (ref: low use): OR 2.76[2.62-2.91]

®  Treatment duration: OR 1.01[1.01- 1.01]
0 Patient characteristics (all significant)

= Age; Women

®  Prior medical history

0  RA; OA; GI event; hypertension

m  Prior drug use
0 Celecoxib; rofecoxib; corticosteroids




Two-Stage Modeling Strategy
Stage I model-physician (model 2) : study subject

= Study subjects

0 Physicians who ever have prescribed COX-2 inhibitors
for RA or OA in their outpatient services in the
preceding month of rofecoxib's withdrawal

0 Main practicing hospital: >=50% of a physician's patient
visits were allocated

m Data collected

0 EBach physician’s monthly prescriptions during
September (t=1) to December (t=4), 2004

Two-Stage Modeling Strategy
Stage I model-physician (model 2)

= GLM (generalized liner model) regression; AR(1)
(PerceivedCVrisk),; = a4 Preox2, g+ 32V cor2p g+ BsPmizy, g + 84 Py+0: Time+e

o Dependent variable
m  Physician’s perceived CV risk of COX-2 inhibitor (t1-4)

i} Pt.., COX2inhibitor
(PerceivedCVrisk)ps =1 — ( Pt S )

o Covariates
B Preoy,: Preference of COX-2 inhibitor, t1(baseline)
5 Vioxo Volume of COX-2 inhibitor, t1(baseline)
= Pmix: Pt mix, t1(baseline)
m  P: Physician characteristics

= Time




Results
Model 2 (generalized liner regression model ; AR(1))

= Study subjects
o 7,186 physicians
m Perceived CV risk of COX-2 inhibitor
o Time (estimate [SD], 0.013280[0.001676], p<0.0001)
0 Baseline
m Perceived CV risk of COX-2 inhibitors
O (estimate [SD], 0.260600 [0.008212], p<0.0001)
m  Peer effect
O (estimate [SD], 0.168400 [0.019120], p<0.0001)
0 Patient mix
. CV events (%): (estimate [SD], -0.002350 [0.000119], p<<0.0001)
m GI events (%): (estimate [SD], -0.000650 [0.000105], p<0.0001)
o Hospital accreditation
= NS

Two-Stage Modeling Strategy
Stage IT model (model 3)

= Linear regression

Voleozapt = o+ conti nu-?'.t-ypf +_L32[Perce-é_'u ed(?_l"-r?'.sk] pHsEcory n+B4Cpite

0 Dependent variable: Vol
= Volume of COX-2 inhibitor in 1% post-withdrawal RA/OA visit

; " Volenw(DDDs)
Vol = T D dags)
o Covariates
m E (Continuity, pt) : estimator (model 1)
m E (PerceivedCV risk, p): estimator (model 2)
m  Hcox2: previous experience of COX-2 inhibitor, t1

m  C,,: Patient characteristics




Results

Proportion of users and utilization (volume; DDDs) of COX-2

inhibitor 3 months before/after rofecoxib withdrawal

| celscoxib — > celecoxib |

Baseline Post-withdrawal period
Category n(%) Daily volume | Total volume n(i) Daily volume | Total volume difference
All 13101(100.0) 1.09 356137 6748(51.5) 1.12 196113 (+2.7%;-44.9%)
Low use w/o CV risk 5966(100.0) 1.07 145055 2011(33.7) 1.10 51272 (+2.8%;-64.7%)
Low use w/ CV risk 1B76(100.0) 1.02 37134 483(30.6) 1.08 11831 (+2.8%;-68.1%)
High use w/o CV risk | 4720(100.0) 1.13 148981 3678(77.9) 1.15 116170 (+1.8%;-22.0%)
High use w/ CV risk 239 (100.0) 1.08 24966 576(68.7) 1.07 16839 (+0.9%;-638.1%)

| rofecoxib —> celecoxib |

Baseline Post-withdrawal period
Category (%) Daily volume | Total volume n (%) Daily volume | Total volume difference
All 8763(100.0) 1.01 223326 2410(27.5) 0.98 60029 (-3.0%;-73.1%)
Low use w/o CV risk 4407(100.0) 1.01 104737 852(19.3) 0.97 19658 (-4.0%;-81.2%)
Low use w/ CV risk 1225(100.0) 1.01 28475 213(47.4) 0.95 4592 (-5.9%;-84.4%)
High use w/o CV risk | 2645(100.0) 1.02 72882 1134(44.5) 0.99 30469 (-2.9%;-58.3%)
High use w/ CV risk 586 (100.0) 0.98 16132 211(36.0) 0.93 5310 (-5.1%;-67.1%)

m A direct impact of information shock on use of COX-2 inhibitors

= |49.5% celecoxib users ,| 72.5% rofecoxib users
0 Patient with a CV history would more likely decrease their utilization

m  The withdrawal gave a clear signal of drug safety to the use of COX-2

inhibitors (Thieband et al, 2006)

Results

Model 3 (liner regression model)

= Study subjects
0 18,276 patients (patient-physician pairs)
= Volume of COX-2 inhibitor in 1% post-withdrawal
RA/OA visit (DDDs/day)
o Adjusted patient's continuity to RA/OA treatment
= NS
o Adjusted physician's perceived CV risk of COX-2 inhibitor
m  (estimate [SD], -0.469000 [0.018640], p<<0.0001)
o Rofecoxib (ref: celecoxib)
m  (estimate [SD], -0.259680 [0.008180], p<<0.0001)
o High use
m  (estimate [SD], 0.221450 [0.044420], p<0.0001)
o Patient characteristics (history of any CV event)
®  (estimate [SD], -0.027860 [0.010160], p=0.0061)




‘ Limitations

m Limited data
0 3 months post-withdrawal period (Oct-Dec, 2004)
= Control group in model 1: any conventional NSAIDs

o All nonselective NSAIDs will be assumed to have equal clinical
effects

= Underestimate rates of previous adverse GI events and CV
events in our study subjects
0 1 year before the index date

= Physician behavior in his/her main practicing settings only

o One physician may practice in many settings and have different
prescribing patterns in different settings.

‘ Discussion and Conclusion

= Physicians respond more than patients to the uncertainty due
to information shock of rofecoxib’s withdrawal.

0 Physician characteristics could be more important than patient
characteristics in determining prescribing COX-2 inhibitors (Solomon et

al, 2003; Schneeweiss et al, 2005)

> Physician would implement scientific information regarding
safety profile of drugs into their daily practice

® The information shock has a diffused impact to other COX-2
inhibitor as well.

o Rofecoxib->celecoxib
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