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SULSJECI’: Comparative Safety of Cclccoxib, Diclofcnac and Ibuprofen 

PURPOSEOF CONSULT 
The Division of Ophthalmic and Anti-lnflmrory Drug Products (HFDJSO) requested a review of 

the adverse eventll reported in the Cclecoxib Long-Term Ardtriris Safety Study (CLASS). Specifically, the 
Division “wouid Like to rcqucst m cveluation of the effccr of Cefebrex on adverse events and on its effects on 
the acid-base status. including assessment of changes in serum bicarbonate.” 

MATERIAU USEDFORCONSULT 
I. NDA 20-998/ S-009 (cclccoxib): CLASS Trial database clcctronic vasion. 
2. NDA 20-998 (celecoxib): my previous consultation for celecoxib, dated 12.10.98. 
3. NDA 21-042 (rofecoxib): renal consultation by Juan Carlos Pelayo, M.D., dated 4.30.99. 
4. Published materials (see bibliography at end of consults&on). 
5. Materials submitted by tho sponsor at tho request of medical reviewers. 
6. Draft Primary Medical Review of NDA 20-9981 S-009 by James Witter, M.D., Ph.D. 

The Celecoxib Long-Term Arthritis Safety Study (CLASS) compared the chronic effects of three anti- 
inflammatory drugs in n population of psticnts with osteoarthritis and rheumatoid arthritis: cclecoxib, 
diclofenac, and ibuprofen. Patients were folIowed for clinical events and underwent routine serum chemisn-ies. 
Low-dose aspirin (ASA} was used by approximately 20% of the study population. Three aspects of the renal 
and car-disc effects of celecoxib require comment in this consultation, based on the CLASS safety dstabasc. The 
fhst is the specific issue of the effect of celecoxib on acid-base balance. which derives from an absence of such 
data in the initial NDA submission. The xcond issue relntes IO the renal and cardiac safety of cclccoxib whrn 
compared with diclofennc and ibuprofen. A final aspect of the CLASS trial to be considered in this consultation 
is the effect of concomir&nt use of ASA on the cardiac and rensl outcomes. 
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0.0 RkWMk 
Effm of Cclecorib on Acid4asc Bnlnnce 
1n the original ND,4 darabse, the effect of celecoxib on serum bicarbcmatc (HCO 3) waS not a.~s~cd. 

There wa some evjdence ofm association between celecoxib use and an increase in serum chloride, which GUI 
be interpreted as related to fall in serum HCO ,. To address this issue, the sponsor measured changes in serum 
HCO, in CLASS and collected adverse events related to changes in systemic acid-base balance. In the analysis 
(detailed below) between 1 and 2% of the subjects in all three rreawenr groups had a measured serufn HCO J 
~0 meq/d[ during the study after sraning with a normal baseline X25 mg/dl. The rate for cclccoxib, however, 
WBJ less man hat of&e nvo yompamtor agents. In addition, there was no increasr: in reported clinical adverse 
events rclatcd to changes in acid-base balance in the celecoxib group: such adverse evems were quite rare in 
the datsbase for all t&e drugs. Overall, then, celecoxlb, diclofenac and ibuprofen USE hsve been associated 
with changes in renal acid-base handling, perhaps related to inhibition of COX-I and COX-2 in the kidney. The 
CLASS database conrains no evidence for an adverse cffccl of celecoxib on acid-base balance relative CO either 
diclofcnac or ibuprofen. 

c omDsrntive Jncidence OfPgggLhdycrre Effects for Celecoxib, Die-c and Jbuprofen 
fie rates of reported clinical renal adverse events were low in the database, and there was no 

consisrent CliniwlIy-sigoificanr adverse effect of celecoxib in the reported parameters of renal safety when 
compared wirh either diclofenac or ibuprofen. In parricular, the reported rates of uremia. nephrotic syndrome 
and severe hyperklemia m CLASS were all less Than 1 per 1000 patient-years of exposure for all Three drugs. 
In the CLASS database the renal advcrsc cvcnr profile for celecoxib was not clearly different from TJMT of 
NSAIDs (as represented by diclofenac and ibuprofen). This includes adverse events reported by investigators 
(e g., worsened hypertension or edema, uremia) and dlose detected through routine laboratory or bl ood pressure 
measurements (e.g., increased BUN/ crt or systolic blood pressure). 

Comparatlvc lncldence of Cardinwf&c fcrr Celecoxib. Dlclofcnac and Ibuprofen 
While there were some differences in the races ofreported clinical cardiac adverse cvcnta between the 

three tieatment groups, there was no consistent clinically-significant adverse effect of celecoxib in the reported 
pammeresrs of cardiac safety when compared with either diclofenac or ibuprofen. Pticular concern has been 
raised regarding a possible pro-rhrombotic effect of sclcctivc inhibition of COX-2 (for example, by celecoxib). 
In CLASS, the incidence of adverse events related to cardiac ischemia was higher in the cclccoxib group when 
compared with tic two comparators. This difference wns most pronounced in the group of patients not taking 
ASA. However, tht differences observed in the rates of advke even& were small and relied on relatively few 
evens. Importandy, the rate for serious advcrsc cvcnts r&cd to cardiac &hcmia and for cardiovacular 
mort;zlif~ were nor increased in the celecoxib group, although the rate of a combined group ofadvcne evens 
reflecting angina1 episodes was highest in the celecoxib group. In the patient population studied ~JI CUSS, 
These findings exclude a large adverse effect of celecoxib on cardiovascular mortality compared with two non- 
selective COX inhibitors/ NSAfDs. These findings do not exclude a Iess significanr effect of ce[ecoxl& on 
blood flow lending to less serious clinical ourcomes and manifesr by differences in the rates for less serious 
adverse evmt3. In the CUSS database the overall cardiac adverse event profile for celecoxib was not cl&y 
different loom that of NSAIDs (as represented by diclofenac and ibuprofen). 

Effect of Aspirin J,lre on Adverse Events in CL.ASS 
Comparing the effects of The three drugs used in CLASS was complicated by the use of aspirin (ASA) 

in 3 Sub-gr6Up of patients. As the trial randomizarion was nor shatified for ASA use and the amounT of ASA 
us& by the patients who took it is not !UIOWTI. comparisons of the ASA- and non-ASA-users have limited 
power, and can detect only large differences between these two groups. In general, celccoxib, diclofenac and 
ibuprofen had similar rates of Adverse events, regardless of whether the patient also used MA. Patiau who 
used ASA in ail rhree trtilIlleor groups had a higher incidence of worsened hptx-tension, hper&&mia and 
incrctlses in BUN than patients who did not USC ASA. 

Cslscowib Rsnall Csrdlnc 
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2.ld Cnrdisc and Renal Adverse Events Cnuslne DJsc 

1.0 BACKGROUND AlvD MEI’UODS 
This mnsulration is focused on the renal and cardiac cffccts of eelecoxib, based on data from a 

recently complticd outcome trial in pnrients with rheumatoid- and OSCCO-duitis: the Celecoxib Long--term 
Arthritis Safety Study (CLASS). Interest in the effects of celecoxib in on the kidneys and rhe cardiovascular 
system comes frsr from concerns about the comparative safery of selective inhibitors of cycle-oxygcnase type 2 
(COX-2) such as celccoxib and rofecoxib, and non-selective COX inhibitors ( e.g.. ibuprofen, diclofenac). In 
addition conccrns have been raised about a possible pro-thrombotic effect of the selective COX-2 inhibirors. 
This & bared, in part, on the data in the original NDA databases (see below) and from investigations published 
since cclrcoxib’s approval (references appear at the end of this review). Thcsc investigators have raised a 
concern about the cffcct of unopposed inhibition of COX-2 enzyme, leading to decreased production of 
prosracyclin (a vasodilstor), without the combined inhibition of COX-I (which would prevenr phelers from 
being activared). Two large active-control trials have been puformcd that are relevant 10 this issue: CLASS 
(ceiecoxib) and VfGOR (rofecoxib). This consultation is restricted to an analysis of CLASS. 

Cardiac Effects of Celecoxib 
In my original consult on celecoxib performed as part of the initial NDA submission, I cxamincd the 

cardiac laboratory data and adverse events and reached the following conclusions: 
‘The administration of celecoxib cannot be linked to any rare or unusual cnrdinc roxiciries based on 

the available data. For some adverse events, including arrhythmias and overall cardiovascular mortality, tic 
data arc inadequate to either exclude or confirm an adverse effect of crlccoxib. 

With regard TO cardiovnsculnr adverse events, there is an association between celecoxib 
administration sod worsened hypertension in susceptible individuals. This effect ofcelecoxib resembles that 
of other non-steroid4 anti-inflammatory drugs (N!XDs). There W+S also an association between celecoxib 
administration and the development of clinically significant edema, again similar to other MAIDS” (I 2.10.98). 

Renal Eff’s of Celecaxib 
In my original consult on celecoxib performed as Parr of the initial NDA submission, I examined the 

renal laboratory data and adverse events and renched the following conclusions: 
“There wag suff~cimr evidence to conclude that cclccoxib has significant rennl effects, as reflected in 

the pattern of lab abnormalities associated with celecoxib administration. This pattern includes a nominaQ. 
significant association between celecoxib and an incre‘ued incidence of several lab abnormalities: 
hyperchloremia, bypophosphatcmia, and dcvated BUN in association with proteinuria These surrogates 
for renal toxic@ SU~~CS~, bui do not confii a link between celecoxib use and clinically relevant 
nephroroxiciry. Eurthcr, the incidence of the lab abnormalities occurred to a similar extent in both the celecoxib 
and the active conuol groups, suggesting thar both cclecoxib and the other NSAIDs have similar renal effects, 

Within the limitations of the database, there is no evidence to suggest that celecoxib has unique renal 
toxiciries not shxl with other NSAIDs, or evidence of a renal toxicity cnused by other NSAIDS that oars at 
a sisnificfmtly higher incidence rate with celecoxib. In the absence of bicarbonate data, an adverse effect of 
celccoxib on acid-base balance cannot bc excluded, particularly in the context of the observed increase in 
JvperchJorcmk The pancm of adverse evens reported in both the controlled and the long-rerm mials is similx 
ro that expected for NSAID~. 

Cclccosii Rmoii Cardiac 
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1.0 BACK~~~O~DANDMETHOD~ (coat) 
Rcngd Eayt of Celecoxib (cc.31 
While thcrc wcn no clear cases of celecoxib-induced renrtl failure requiring dialysis in rhe connolled 

danbase, there were several individuals caking celccoxib who were withdrawn from tbc long-term open-label 
trial because of renal adverse events, including acute renal failure (a~ well as edema and worsening 
hgcrtension). It rem&s to bc dctcrmintd whether severe renal injuxy will occur foIlowing celecoxib at the 
same rata that is xcn with other NSAIlk. 

While a through comparison of the renal effects of celecoxib and other NSAIDS has not been 
paformed, rhe available data suggest that celccoxib resembles other NSAIDs in the majority of the renal 
dfccts cxemined in the NDA. Further, the available data suggest that the renal effects of celecoxib are clearly 
distinguished f?om placebo” (12.10.98). 

CLASS 
CLASS compared the cffccts of high doses of celecoxib (400 mg BID) with those of ibuprofen (800 

TID) and diclofennc (75 mg BID) in patients with osteoanhritis and rheumatoid. Patients could be rreated with 
aspirin (ASA) if indicated for other medical conditions. Any patient who received ASA during the first 6 
months of thr study was counted as taking ASA, as opposed IO counting only those patients taking ASA on a 
chronic basis. For details of the trial design the reader is referred to the Medical Review of the trial by James 
Wintr, M.D., Ph.D. The current review will focus on the renal and cardiac safety data, and compare the 
incidence of laboratory changes and advasc cvcntg for celecoxib, ibuprofen and diclofenac. 

The data for the cardiac and rcnsl advcrsc events will be broken into a section on clinical advcrsc 
events, dereaed through spontineous reporting and a section on changes detected in laboratory measurements, 
performed routinely throughout rhe trial period. Given the potential relevant interaction of celecoxib wirh ASA, 
special atrention will be paid to an analysir, based on the concomitant use of ASA. 

LOto2.2 REVIEWOFCLINIC,~L DATABASEFROM CLASS 

2.0 DEMOGRAPHICS AND METHODS 
For details regarding rhe CLASS protocol and methods the reader is referred to the review by James 

Wincr, M.D., Ph.D. 

2.Oa Extent of Exposure and Demographics 
Total exposure to the three treatmenu in the study is summarized in the table below. 

a. Da@ fmm CLASS electronic submission. NDA 20-990. 

This exposure included around e third of the patients in each group who received study drug for S3 
months, as well as about half of each patient group who rcccivcd the study drug for bchvccn 9 and 15 months. 
The study conrains around 3300 parienrs treated with cclacoxib, I 100 h&cd with diclofcnac, and 1000 treated 
with ibuprofen for 26 months. 

fable E.Oa.2 Eroos 

9-12 months 1442 (36%) T 913 (46%) __ -._. 
12-I 5 months 585 /I 53 6) 1 64 (3%) I 477 (24%) 
>I 5 months 0 (0%) 1 O(I)%\ 1 2 (<I%) 1 

3. D&I from CLASS t+i~tro~lic submission, NDA 20-998 table 10.3, 

Cclaoxib Renal/ Cardrac 
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2.0b Co)lcction of Advcrsc Events and Lnboratory Measures in the Trial 
Collection of Clinical Adverse Events_ 
Clinical adverse events were collcctcd and rcportcd by the investigators to the sponsor tbrougbout the 

period of the niol. Adverse events were not centralIy-adjudicated. 

wtlon af Adverse Events Relnted to Labnratorv Measurements 
Lnbs were to be collected at baseline and again a: weeks 4, 13,26,39,52,65 and week 78 (‘Final’). 

The number of patients with collected lab values varied between visits, as summarized below for selected renal 
parameters. Urinalyses were not collected routinely during the trial. 

2.0b Collection of Adverse Events and Laboratory Measures in the Trial (Cent) 

a Dnu from CLASS electronic submkion, tables 2.10.X I, 2. IO.4 I, and TM. I, 

2.1 RENAL AND CAJIDLUZ QFETY DATA FROM CLASS 
This section will cxtine four layers of porential adverse Eifects, beginning with the most serious 

(Torn1 and Cardiovascular Mortality) and proceeding to Serious Adverse Events (SAEs), Adverse Events (AEs) 
including laboratory changes md blood pressure mtasurements, and then 10 Adverse Events leading to 
discontinuation. 

2.1 a Total Mortality and Cardiovascular Mortality 
In the original NDA too few deaths occurred during the placebo-controlled period of the hials to be 

interpretable. In the long-term, open-label trial, cardiovascular mortality in deaths per patient-year was 
examined, ananged by highest dose of celecoxib used. The small numbers of patients obviously mnke 
interpretation of such calculsred rates difficult, but there is an ssociation between dose of celccoxib and the 
crude mortality rate due to cardiovascular causes. 

Table 2.1~~1 Cardiovagculnr Mortality Rates According to Hightst Dose of 

1200 mp; 
300 rnE 12 I 340 RI? 
400 mg 13 1 465 1% 

a Data from original NDA Integned Sekry Summsry. inc _____ _ _ _. ,548 and I -- -- - ldir 4 3. --.. ..-. 
b. Mortsliry (Far boll1 coral hnd audiovascular dearhr) in dc.mlhz/pr-p (x100). 

In similar fashion, the deaths in CLASS are summarized below, expressed in terms of deaths per 
person years of exposure IO study drug. fhe majority of tie results are based on rnattials submitted by the 
sponsor. The reader is referred to the Primzuy Medical Review by James Wittcr, M.D., Ph.D. for additional 
analysts based on individual case report review. Bnscd on relatively few deaths, no excess morrnlity (total or 
cardi~cj associated with celecoxib use is evident in any sna1ysi.c. 

Crlccoxib Renal/ Cordisc 
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2.13 Total Mortality and Cardlovasculnr Mortality (cant) 

Table 2.1~2 Mortality Rates Per Person Years of Exposure From CLASS ‘. 
I Celecoxib Diclofcnac Ibuprofen 

N=39&7/ 2320’ N-1996/ lo80d N~193511122’ 
! 

Derths @Ii-Cause1 

O. Data from clcctronic dnla submiss :ion, ttpp-mdix 2.9.1 and pit&~ 2918-3920 of vol. 24. 
b. Dcati ascribed IO ischcmic cardiic causes (uxcluding 2 csscs of CHF). 
c. Excludes pJtient$ otrofmdy drug for>26 days per the sponsor. 
d. Numbcz of patients mmllcd/ prtimt-ycfirs ofcxparurc. 
o. EXC~J&S pltimts off of study drug for ~28 day per the Ptitnary MUJICSI RCV&CT (Jsmcz Wincr, M.D., Ph.D.). 

Given the concerns about the potential interaction of celecoxib and A$A (which inhibits COX-I), it is 
relevant to look at the mortality rates according to the use of ASA. Again. there is no signal for M increased 
morttiity rate in the celecoxib group when compared with the ~VO MAIDS. 

Tab1 

a. Data from OICCIMIGC data submiuion. uppcndix 2.9.1 and pa@ 2918-3920 of vol. 24 and sponsor 
submizzions to mvimucr. Data relates to all rrponed deaths. incsprctivc of temporal relztionrhip to last use of drug. 

b. Death ascribed to ischemic tardi;lc causes per the zponzor (excluding 2 casti ofCHF). 
c. Number of patienls mrollrd/ patient-ycarz of nponuro. 
d. Exclud& patients off of study drug for >20 doyz per the sponger. 
e. Exclude patients off of study drug for >28 day9 per the James Wittcr, M.D.. Ph.D. 

t.lb Strious Renal and Cardiac Adverse Events 

. 

The next table summarizes the occurrence of selected serious adverse events (SAEs) relevant IO renal 
and cardiac safety. There were no reported SAEs for acidosis or reduced serum bicarbonate reported. Thtrc 
were also very few rcpoflcci renal SAEs. Cardiac SAEs were also rrncommon, but the rare of reported serious 
“Combined Atria1 SAEs” was higher in the celecoxib group than in the comparator groups. There was a higher 
rz~te of Myocardial infarctions (but not Angina1 Disorders) in the celecoxib and ibuprofen groups when 
compared with diclofenac. 

Table 2.Ib, .1 6 

o. DSIR from cktronic &U submirsion. table T-ij. 

CLASS ‘. 

b. These SABs were nor report& by inv&igatorz. 

Cclccoxib RmaY Cardiac 
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2.1 b Scrlous Renal and Cardinc Adverse Events (cant) 

T 

surrlma 

n 

:i 

lb/e 2.1 b-1 Cnrdlnc Serious Adverse Events (SAEs) per 100 Pt-Yrwted During CLAS 
Cardisc SAEs Celctarib DicloCcn~c Jbuprofm 

400 mg BID 75 mg BID 800 mg TID 
a=3987 N=1996 N=1985 
2320 Pt-Yrs 1080 Pr-Yrc 1122 PC-Yrg 

Atrial Arrhythmies 

Arrhythmia Atrid 
Bradycrrdia 

Unstable AnCine 

Thrombophlebilis Combined’ a (0.34%) 6 (0.56%) I (0.09%) 
a. Da from electronic da&~ submission, table T43 and from sponsor 31 tht rquesr of the r~iewcr. 
b. Sum of trial arrhythmia. ouiinl fibrillsrion, bradycardir and tach~rardia 
c. fncludn unsrnhle angirq angins waris sad coronary bnery disorder. 
d, JncJuda Ai% rcponal unda the following terms: phlebitir. rhrombophlcbita, thmmbophhbiris arm, 
rhrombophlebitis d-p. rhrombqhlebifis leg. duombophkbitis kg docp. tbrombophlebitis leg rupaiiciol. 

For the renal SAEs, too few wcrc reported to analyze according to the USC of ASA. The table 
zes rhe incidence of relevant cardiac SAEs according ro the use of ASA. 

Andna 
UnstnbJc Aneina 

r- 

Non-ASA 1. Jrcq 

mwaon. Aoacndir 2.9.4 and 2.93. 

23 

be 

b. Sum ofatrirl xrhphmia, atria1 fibrillai~, bmdycordia and uchywdia. 
c. Iacludcr unstobk n@M. angina peaotis and coronary oncry dlSor&r. 

Cdccoxib Renal/ Cnrdlac 
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2.1~ Rcnnl nnd Cnrdiac Adverse Events 
CJj&sl Rensl Adverse Events 
The first table below surnmartzes the incidence of renal adverse events of interest reported by the 

investigators. These adverse events were reported in less than 2% of the patients, and occurred more or less 
equally in the three treatment groups. Related to the question of an effkct of cehcoxib on acid-base balance, no 
acidosis or low serum bicarbonate as clinical adverse even= were reported. Similarly, in conditions of chronic 
acidosis, bony demineralization and fractures can occur. In CLASS. the rates of bony fractures were similar in 
the three matmcnt groups. 

Tab I) ‘. 

b. Nor rcportcd by invcsdgaron for ray patient. 

Cclccoxib Renal/ Cardiac 
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2.1~ Reported Rc~~nal and Cardiac Adverse Events (font) 
The next table summarizes selected adverse events nccording to the use of ASA. The rate of abnormal 

BUN wag higher in all three treatment groups among patients who received ASA in combinntion with the 
NSAID/COX-2 Inhibitor. Other adverse cvmts where the reported ratr: was >o. 1% and >2X higher in tht 
celecoxib group are shaded in the table below. Hyperkalemia as an AE was highest in the celecoxib group, 
regardless of the use of ASA. 

Table 2.1~2 Selected Renal Adverse Events Reporled During! CLASS Accordiap: to ASA Use ‘. 
’ Adverse Event Celecoxib ’ Dldofenrc Ibuprofen 

400 mp: BID 75 mg BID 800mp:TID . 
N-882 N=U!i N-41 2 , 

J Uremia 1 <0.10/p 0 0% 1 O(O%) I 
a. Dntn from electronic submission. NDA 20-99M zupplemenr S-009, TnbleTJI.2 and T41.3. 

Cckorib Renal/ Cardiac 
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2.1~ Reponed Renal and Cardiac Adverse Events (cent) 
The next table I ummarizes the rcportcd rates of cmrdinc events of interest. None of the adverse cvcnrs 

occurred at rates clearly higher in tie celecoxib group when compnred with the orher two active treatments, 

although the rate of combined “Combined Angina1 AEs” was highest in the celecoxib group. Edema was more 
commonly rcponed as an AE in the ibuprofen group, while the rates for ctkcoxib and diclofenac were similar. 

a. DSUI from dcc6onic submission, NDA 20.998 ~upplcmcnf S-009, Tnble T4 I. I, 
b. Includa c&ma, cdcma generalized, and edema peripheral. 
c. Includes unttable angina, nngine pccturia and coronmy III~Y disorder. 
d. Includes AEs reported under Ihe fo~lowiog tmns: phlebitis, rhrombophlcbiris, 

hrombaphlebiIit urn, rhrombophlubitls deep. thrombophkbitis kg. rhrombophlcbitia kg deep, thrombophlebitis 
superfki~zl. 

Cclccoxib Renal/ Cardiac 
Consultntion 12.00 
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2.1~ Reported Rear1 and Cardiac Adverse Events (cent) 
The next table summarizes selected cardiac adverse events according to the use of ASA. As expected, 

the patients taking ASA had a higher incidence of cardiac ischemic events in all three groups (they could be 
rrcciving ASA following a cardiac event like s11 MI). The combined rate of angina1 disorders was numerically 
higher in the eelecoxib treatment group for both ASA-using and non-ASA-using parients, compared with 
diclofenac and ibuprofen. In the patients not receiving ASA, the rate of Myocardiel Infarction was also highest 
in the celecoxib group (0.2%) compared with the other two drugs (0.1%). Patients taking celcco~~b but not 
ASA also h;ld n greater than 2X greater incidence of atria1 fibrillation dun patients taking the comparator 
drugs. Of interest, patients who rook ASA did not have an increased rate of hypertension or edema reported. 

Table 2. A USC ‘. 

m. Jiba from ebmanic submissmn, NDA 26-998 supplancnr S-009, Table T4l.1. 
b. Inckda edema. &ma &cnhalind, and Ddaru pcriphc~l. 
C. In~ludcs unstable nngina, onginn pcckxis and corawy srwy d&rdc& 
d. kkkS tiS rqmmd under rhc following W’nw phlcbirir, thr0mbopbkbitis. thrombcphkbiri9 rrm, 

lhromhphlcbids deep, ~hrombophlebitk kg. thrombophlcbi!ir kg deep, rhrombopbl~b;r;s )cg nupcfici.ql, 

Cckcoxib RCODY Cnrdinc 
Corisulbkm 12.00 
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2.ld Cardiac and Renal Adverse Events Causing Discontinuntion 
Selected renal and cardiac adverse events leading to discontinuation are summarized below. 

Discontinuations for these events were rare and occurred equally in the three treatment groups. Of notr, 
discontinuations for rhrombotic cardiac events were not significantly different in the three groups. 

Table 2. XASS I. 

a. Data room elrcttonic submission. NDA20-998 SUDD~OXII~ S-009. Table T42.1. 
b. Mudcr: untrsblc angina. aog&pectoris Md c&&y brrery d&dff. 
c. tnctudes A&S reported unda rhc followi~~g I-: phlebitis. rhrombophlebkib. thrombophlcbitib rum. 
thrombophlcbitts deep, rhrombophlcbitis lq, thrnmbophlcbitia tcg deep, thrombophlebitia log supcrficirl. 

There were no reported withdrawals for acidosis or reduced serum bicarbonate. 

2.le Changer in Laboratory Pnrametcrs and Special Measurements 
The sponsor routinely collected laboratory and blood pressure data during the trial, as summarized in 

section Z,Ob above. The first section below relates to the changes in laboratory measures during rhe trial. These 
changes can bc analyzed in several different ways, falling into two general groups: zxdysis of mean changes 
and analysis of extreme individual changes. The first part will be concerned with the mean changes. 

poan C-es from Baseline 
1. Cbnnges in blood Unza Nitrogen (BUN) and Serum Crednine (SCrt} 
No clinically relevant differences between the three treatment groups were seen at any time point for 

the changes in mean BUN or SCIT. The reported differences, some of Which achieved nominal statistical 
significance, were quite small and not clinically-relevant. For example, at 26 weeks rhhe increase in mean SCrr 
was 2.1 for celecoxib and 4.2 U/L, (~60.001 per sponsor). This difference or 2.1 UL is rhe same as a differcncc 
of 0.02 m&U (see Table 44.1 in electronic submission for details). 

This conclusion was not alrered when the populations that rook ASA or not were examined separstely 
(data not shown). 

2. Changes in potassium, phosphate. bicarbonate, chloride 
Similar to the changes observed for BUN end Crt, while thcrr: were numerical differences that 

achieved nominal sratistical significance, none of there were of clinical significance (see rslblc ~44.1 for 
derails). 

This conclusion W;IS not &ercd when the populations thar rook ASA or not were examined separately. 
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2.le Changes in Laboratory Paramctcrs and Spetinl Mensurements (cod 
Extreme Chances from Bmsellnc 
The table below summarizes the incidence of extreme laboratory values at any time during thr course 

ofthe study after the baseline values for rhe three study groups. These analyses are derived from patients with a 
normal lab values at baseline. While there arc diffcrcnccs between the study groups for individual 
measurements. overall the lab extremes occurred at more or less similar rates in the three trearmenrs groups. 
Examples of this variability include: 

I. Increases in serum K’ occurred more frequently in patients uking celecoxib. This finding 
reinforces the observed increased rate of clinical adverse events associated with celecoxib use (see table 2.1~1 
above). 

2. Decreased serum HCO , occurred more frequently in patients taking ibuprofen. 
3. increased serum creatininc (to Il.5 mk/dl) occurred more fiequendy in both ibuprofen and 

diclofenac, when compared with celecoxib. Additional analyses r&ted to changes in SM creatinine appear 
below. 

I DatJ from clrcuunic submission Iable T45, I and DI rqum of rwicwr. 
b. . ~aluce differ from cclecoxib D( ~~0.05 per sponsor. 
C. Cousins IO a Jerum cratioine of I.J end 3.0 m&Id1 respectively. 
d. Cotwpandt fo LI BUN of 20 and 40 mgldl respecthdy. 

These anrtlyscs were done according to the use of ASA and, for the most part, mirror the combined 
analysis. Mintcrest, the incidence of hypakalemia (~5.0 meq/dl) and the incidence of elevated BUN (>20 and 
>40 mg/dl) were higher in all three groups when concornitont ASA was used. Hypokalemia was more common 
in the group who did not receive ASA. 
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2.1~ Changes in Laboratory Parameters and Special Measurements (cant) 

from sny time during Ml relative to balinr. 
b. l valuet &f&r from celecokib at p<O.OS p-x 6pon6or. 
c. Correspoads IO a seturn crastlniae cf 1.5 nnd 3.0 mddl respectively. 
d. Comrpond$ U, a BUN of 20 and 40 mg/dl respcctivcly. 

Because of the importanr interacrion between changes in BUN and serum creatinine (SCn) the 
incidence of the development of combined abnormalities of these two lab measurements in patients with normal 
BUN and creacinine ac btieline w;19 examined (shown below). In this analysis, celecoxib use was not associated 
with an incrcascd rate ofrenal injury. 

a. Dsta From clccmxnc datwc~ table T48 ond nt rcqucsr of reviewer from itansof. hticn~s 
with normal renal function JI b;lrclinc. 

b. SCn = set-urn crsatioine. 
c. Conesponds to P BUN/CR of40/3.0 mgidl. 
d. Concspan& co 3 BIJwCr! 0r2ok5 mgdl. 
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2.1~ Changes in Laboratory Parameters and Special Mcasurcmcntr (cant) 
These sune dun, group4 according to ASA use. appear below. For mild increases in BUN and SClr, 

he rare were lowest in tbe celecoxib group overall, regardless of the use of ASA. 

T 
b 

BUN 214.3 mmoifl 

IS. Dala II requssC ofmviwrer from sporr9or. Boscd on pabertf~ with normat renal function 81 bsxlinc 
b. SCrt - swum m&nine. 
c. Corresponds to I BUNlCn of 4013.0 mg/dl. 
d CorrcspondP IO P BUN/M of2Oll .J mg/dl. 

2.1 f C hangcs in Blood Pressure 
In the original NDA submission database, celecoxib use was associated with incrcascd hypertension 

when compared wirh placebo (as commonly seen for NSAIDs). The sponsor analyzed the changes in blood 
pressure (BP) recorded for those subjects in CLASS with both baseline and at least one follow-up BP reading. 
The changes in the mean BP for the three treatment groups hovered around 0 for the trial and were of Me 

clinical significance. The incidence of abnormal elevations in BP is sunmarized below. No clinically- 
significant differcncu between the trearrrlent groups were apparent. Similar fmdings were seen when the 
patients were grouped according to ASA use (not shown). 

1 SIrHng Systolic BP 215% Increase 
over baseline at finnl virit 
Al) hh~~ts 
ASA Users 

I 
I315/2925(IO8+x , ) 163/~434(11.4%) 173/1387 (12.5%) 
1 821633 (12.6%) 38/327 (ll.6%) 39/287 (13.6%) 

0 (12.2%) Non-ASA Users 1 233/2272(10.3%) 1 125/1107(11.3%) 1 134/1101 

Sitting Dfnsrollc BP 215% lacrenw 1 I I 
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3.0 SUMMARY 
The Celecoxib Long-Term Arthritis Safety Study (CLASS) compared the effects of three anti- 

inflammjrOfy drugs in n population or patient3 With osteoarthritis: colccoxib, diclofenac, and ibuprofen. The 
majority ofpatients did not receive aspirin (ASA), although around 20D% of the patients received ASA and were 
avaik&4e for separate analysis. The aspects of the safety database from CLASS to be commented on in this 
consultation art focused on the comparative renal and cardiac effect< of celecoxib, diclofenac and ibuprofen. 

3.1 Comparstive Effects of Celecoxib, Diclofenac and Ibuprofen on Acid-Bnse Balance 
In the original celecoxib NDA database, serum bicarbonate (HCO 1) levels were not measured. In the 

NDA there was an association between celecoxib use and an increase in sentm chloride, which can be 
interpreted as related to faI1 in strum HCO 1. To address if celecox~b affected acid-base balance, the sponsor 
measured changes in serum HCO , in CLASS and collected adverse events related to changes in systemic acid- 
base balance, The data above suppon the following conclusions: 

1) Between 1 and 2% of the subjects in all three tt~tmcnt groups had a measured HCO 1 d0 meq’dl 
during the study after starting with a normal baseline a25 mk/dl. The rate for celecoxib, however. ws the same 
as for diclofenac and less than cekoxib (Table 2.1 e. 1). 

2) There was no increase in reported clinical adverse events related to changes in acid-base balance in 
the celec.oxib group: such advasc events were quite rare in the database for all three drugs (Tables 2.1b.l and 
2.lc.l). 

3) Finally, bony fractures, as E marker for chronic metabolic acidosis, occurred at equal rata in the 
three neamlent groups (Tables 2. I c. 1 and 2.1~2). 

Conclusion Rwardid-&se Balance 
Overall, then, celecoxib, diclofenac and ibuprofen use are uncommonly associated with chsrrges in 

acid-bsse balance. Such effects may bc mediated by the inhibition of COX-I and COX-2 known to be 
expressed in the kidney. In CLASS colecoxib, diclofenac and ibuprofen had similar overall effects on acid-base 
balance. 

3.2 Comparative Incidence of Renal Adverse Effects for Cclecoxib, Diclufeaac and Ibuprofen 
The use of NsAIDs has been associated with several severe forms of renal injury including Nephrotic 

Syndrome and acute renal failure leading to uremia. In addition, NSAlD use hrrc been associared with 
asympromntic increases in serum crcatinine and BUN (see references at end of consult for details), There is 
uncertainty about the exact incidence of these changes following long-&m NSAID use. wirh estimates ranging 
&om I: 100 to ~1: 1000. Less severe renal injury ~3s ~SSCSS~~ in two ways in CLASS: clinical events reported 
as adverse events and changes in serum markers of renal injury (BUN/ crearinine) from rourine blood draws 
pcrfonned during the trial. The data from CLASS support the following conclusions regarding the occun-cncc 
of renal adverse events in the population studied: 

Renal Serious Adverse Events 
1) The rate of severe renal injury during thetapy with celecoxib, diclofenac or ibuprofen was very 

low, with no reported cases of Nephrotic Syndrome or life-thre-tening hyperkalemia, and one case of uremia 
(table 2.1 b. I). 

Benal Advese Erent,e 
2) Less severe clinical renal adverse events wcrc reported in a smalJ pcrcemage of Ihe population 

&able 2.1~. I). 
3) H~erlcalemia was more commonly reported as nn adverse event in the patients receiving 

celecoxib, whiIc hypokaIemia was more commonly reported in the patients receiving NSAIDs (table 2.1~. 1). 

2.lc.l). 
4) XJN increase was more commonly reported as an adverse event in the diclofcnac group (table 

5) Edema as an adverse event was reported in 3-5 % of the population, and was reported with equal 
frequency in the cclecoxib and ibuprofen trearment groups (34%). A higher incidence of edema W~C reponcd 
in the ibuprofen group (S-6%) [table 2.lc.3). 
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31 Comparative Incidence of Renal Adverse Eflccts for Celecoxib, Diclofensc and Ibuprofen (cant) 

6) Hyperrensioa as an adverse event was reporred less in the celecoxib group (2.7%) than in the 
diclofenac (3. I %) or ibuprofen (4.6%) &roups (tnble 2.lc.4). Change3 in Blood Pressure (BP) wcrc anslyzed 
for those subjects with more than one reading during the trial (section 2.lf). The incidence of significant 
increases in systolic or diastolic BP above baseline were relarively common (IO-1 j%), but occurred equally in 
nil three rreatment groups (table 2.lf.I). 

7) As urinalyses were not routinely collected no conclusions can be reached about the comparative 
effects of the three drugs on urinary protein. Hemaruria was rcponed uncommonly in all three treatment groups 
(table 2.1 c.1). 

Lnbontow Adverse Eylats. 
8) Small changes in mean chemisnies were reported that are of little clinical significsnce (section 

2.le). 
9) Large individual changes from baseline were uncommon in all three rreatment groups, making it 

difIicul[ to smibute observed diffcrcnccs to individual drug effects (table 2. I c. 1). 
10) Increases in serum potassium to ~5.0 and >6.0 meqfl occurred more frequently in patients 

receiving celecoxib rhan for either diclofenac or ibuprofen. The differancc bctwccn the rate of K + >5.0 for 
celecorib (1 1.1%) and ibuprofen (6.8%) achieved nominal statistical significance (table 2.1 e. 1). 

11) Increases in BUN to ~20 mgldl were more common in the celecoxl~ group (40.8%) than in the 
diclofenac (35.4%) or ibuprofen’(33.3%) groups. However, the rare of increased serum crearinine to >I.5 mddl 
wss higher in the diclofenac group (2.0%) when compared with celccoxib (1 .I%). The larter difference 
achieved nominal statistical significance. 

12) The incidence of combined abnormalities in BUN and creatinine was also analyzed. The rates for 
these combined endpoints, starting from a normal baselin, were lowest in the celecoxib group, regardless of the 
concomiunr use of ASA (cables 2. I e.3 and 2.1 e.4). For example, the percentage of patients with a BUN> 20 
mg/dl and creatiniae PI.5 mddl was lowest in the cclecoxib group (1.4%) when compared with ibuprofen 
(1.8%) or diclofenac (2.3%). 

Given that use of ASA in this poiulation would indicate a higher level of pre-existing cardiovascular 
disease, interpretation of adverse events according 10 the use of ASA is difficult The following differences 
were seen in the CLASS database analysis according to the USC of ASA: 

13) Increases in BUN were reported more commonly (approtitely 3X more common) in the group 
aeared with A.SA and any one of the three NSAIDs (cable 2.Ic.2). 

14) Too few severe clinical renal events (renal failure. uremia. nephrotic syndrome) occurred for 
analysis. Hypertension was more commonly rtporkd as an adverse event in patients taking ASA (table 2.1 c.4). 

15) For adverse events related to lsborarory measurements, decreases in serum phosphare and 
increases in serum potassium, BUN or creatinine were more commonly seen in patients who rook ASA along 
with one of the three NSAIDs (table 2.1e.2). In particular, the increased incidence of serum K c b5.0 sod BUN 
>20 me/d1 in patients taking ASA achieved nominal statistical signficancu. 

16) For adverse even& related to laboratory measumments, decreases in serum potassium occurred 
more commonly in patients nottaking ASA (table 2.1e.2). 

17) The incidence of combined abnormalities in BUN and creatinine was analyzed. The rates for 
these combined endpoinrs were lowest in the cclecoxib group, regardless of the concomitant use of ASA (tables 
2.1e.3 and 2.1e.4). 
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3.2 Compnrntive Incidence of Rennl Adverse Effecrs for Celecoxib, Diclofcnac ond lbuprofea (cant) 
Conclusion Rega&jnP Renal Effects of Cclccoxib, Diclofenac and Ibuwofen 
Serious renal adverse even1 linked to the three NSAIDS used in the study were rare (occurring at less 

than I :I 000 patient-years of exposure. For thr less severe renal adverse cfTects, no clear differences were seen 
between celecoxib and the two NSAIDs, although then were differences hctween celecoxib and one of the 
NSAIDs for some adverse events. In particular, wormed hypenension and worsened edema were not clearly 
less frequent with celecoxii when compared with both diclofenac and ibuprofen. There was a tendency for 
more hyperkalemia in patients treated with celecoxib compared with both NSAIDs, but this C&CC occurred in a 
small fraction of the patients and was not associated with an increased rate of severe hyperknlemia. 
Additionally, worsened hypertension appaed to be more common in patients who rook ASA. There was also a 
trend towards fewer combined increases in serum creatinine and BUN in the celecoxib group, but the clinical 
si@icancr of this difference is not clear. In the CLASS study. the psttcm of renal adverse events for celecoxib 
was not distinguished from that of NSAIDs (as typified by diclofenac rmd ibuprofen). 

3.3 Comparative Incidence of Cardiac Adverse Effects for Celecoxib, Diclofenac and Ibuprofen 
NSAIDs have been reponed to have a variety of cardiovascular cffccrs, including worsening 

hypertension and edema (see above). Recently, particular concern has been raised regarding 3 possible pro- 
thrombotic effect of selective inhibition of COX-2 (for example, by celecoxib). The data firorn the CLASS trial 
support tie following conclusions about the cardiac effects of ccfecoxib, diclofenac and L%uprofcn: 

Cardiac Seriou$AdvCr%? Events nnd Mortality 
1) While the lang-tetm data from the original celtcoxib NDA suggested a dose-dependent effect on 

cnrdiac morality (table 2.19.1), the rates for total and cardiovascular mortality were similar in the CLASS hial 
celecoxib, diclofenac and ibuprofen (rable 2.1a.2). This conclusion was not altacd when the pariems were 
divided according to their use of ASA (table 213.3). 

2) Reported serious adverse events (SAES) Kere infrequent to rare in the CLASS trial (able 2.1 b. I). 
The rate of “Combined Angina1 AEs”, WBS higher in the celecoxib group when compared with diclofcnac or 
ibuprofen. This parrem was independent of the concomitant use of ASA (table 2.1b.2). For myocardial 
infections, rhere were 32 events reported as SAEs in rhe trial population .as a whole, and the raps were 0.8%. 
0.4% and 0.8% for celecoxib, diclofenac and ibuprofen rcspcctivcly. 

3) Reponed SAEs for ‘Combined Attisl Arrhythmias” were infiequenS but occurred most frequently 
in the celecoxib group (0.6%) than in the diclofcnac (0.2%) or ibuprofen (0.4%) groups (table 2.1b.l). For 
patients not taking ASA, incidence for these same groups wns I .7%, 0.1% and 0% respectively (table 2. I b.2). 

Q@& Advcrsc Events 
4) Ischemic cardiac events were reported in ~1% of the population of CLASS. For the “‘Combined 

Angina1 AEs” the rate for the celecoxib group (1.4%) was higher than the diclofenac or ibuprofen groups 
(I .O%). Myocardinl infarctions were reported as adverse events in 33 patients in total (out of 7968 psticn~ 
enrolled): I9 (0.5%) with celecoxib, 5 (0.3%) with diclofenac, and 9 (0.5%) with ibuprofen (table 2. I c.3). 

5) Atria1 arrhythmias reported as AEs occuned more frequently in the celecoxib group than in cirher 
of the comparator dtug groups (table. 2.lc.3). 

6) Heart failure reported as AEs occurred at similar mtes in the three trenunenr groups (0.2 to 0.5%) 
(table 2.lc.3). 

Effect of ASAJ&e~dverse Events 
7) When the cardiac deaths were divided according to the use of GSA, the modity rates for 

crlccoxib, diclofenac and ibuprofen were simiku, although each category had few events (rable 2.11.3). For 
cxzunplc, among the 13 deaths in patient3 not taking ASA, the mortality rates for celecoxib, diclofmac and 
ibuprofen were 0.3%, 0.6%, and 01% respectively. 

8) For serious adverse events (SAEs), the rare of ischemic cardiac events was highest in the celecoxib 
group for the “Combined Angina1 SAEs,” “Combined Atrial SAEP and “ Myocardial Infarctions” (tahlc 
2.1b.2). 
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33 Comparative Incidence of Cnrdinc Adverse Effccto for Celecoxib, Diclofcnac and Ibuprofen 
Conclusion Reardinr, Cardiac Effects of Celecoxib. Diclofeoac and Ibuprofen 
The CLASS trial data do nor support a large adverse effect of celecoxib on cdiovajcular mortality or 

on serious adverse events related to thrombosis relative to cithcr diclofenac or ibuprofen. The data do not 
exclude a less apparent pro-thmmbotic effect of celecoxib, such aa mi&t be reflected in the relative rates of 
cardiac adverse events related lo ischemia. 

The observed differences in the rates of atrial nrrhyrhmias are derived from small numbers of patienta 
and lack supportive evidence from other sources ( e.g.. animal models, post-marketing data) and their clinicaI 
relevance cannot bc determined. 

In the CLASS trial, the cardiac adverse event profile for celecoxib was not clearly different from that 
of NSAlDs (as rrpresented by diclofenac and ibuprofen). 

4.0 CONCLUSIONS/ RECOMMENDATIONS 
-l-he CLASS trial exposed subject9 with osteoardrritis and rheumatoid arthritis to one of the three study 

drugs for varying periods of rime, including approximately 2300 patients treated with celecoxib, 1100 patients 
ueated with didof- and 1000 patients treated with ibuprofen for 26 months. Two issues art relevant IO this 
consult: rhe effect of cclccoxib on acid-base balance and the relative rates of renal and cardiac adverse evtnt~ 
se:e in the CLASS trial. The data a&y& above support the following conclusions related to these three issues: 

1. The CLASS database contains no evidence for an adverse effect of celecoxib on acid-base balance 
relative to either diclafcnac or ibuprofen. 

2. The CLASS database does not suppon a large adverse effect of celecoxib on cardiovascular 
mortality or on serious kdverse events related to thrombosis rclativc to either diclofenac or ibuprofen. The data 
do nor exclude a icss apparenr pro-thrombotic effect of ceIecoxib, reflected in the relarive rates of cardiac 
ndverse events related to ischanin. Derecting such an effect would require a much larger database than CLASS. 

3. In the CLASS database the cardiac and renal adverse event profiles for celecoxib were not clearly 
different from rhat of NSAIDs (as reprcscntcd by diclofcnkc and ibuprofen). This includes adverse events 
reported by investigators (e.g., worsened hypertension or edema, uremia) and those detected through routine 
laboratory or blood pressure measurements ( e.g. ) increased ELUN/ CR or systolic blood pressure). 

4. The data suggesring M increased rare of supraventricular arrhythmias in patients taking celecoxib 
compared to diclofenac and ibuprofen are provocative but require additional investigation. 

5. Hype&al&a, however measured, was consistently more frequent in patients taking celecoxl% than 
for diclofenac or ibuprofen, but these differences were small and not reflected in an increase in s&ous adverse 
cvtnts related 10 hyperkalemia. 

6. A lmk of information about specific use of ASA in CLASS limits the interpretation of analyses 
done with and without ASA use. NO clear clinical effect of concomitant use of ASA with celecoxib, diclofenac 
or ibuprofen wos identified, although worsened hypertension was more somwhat more common when ASA was 
used by patients taking any of the three drugs. 

7. Additional analyses art necdcd to address the generalizability of the results from CLASS and other 
large clinical trials using NSAIDs to the use ofNSAIDs in the general population. 
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