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ABSTRACT

BACEGROUND

Studies showing that drugs that inhibir cyclooxygenase-2 (COX-2) reduce the number
of colorectal adenomas in animals and patients with familial adenomatous polypasis
suggest that COX-2 inhibitors may also prevent sporadic colorectal neoplasia.
METHODES

We randomly assigned patients who had adenomas removed before study entry to re-
ceive placebo (679 patients) or 200 mg (685 patients) or 400 mg (671 patients) of cele-
coxib twice daily, Randomization was stratified for the use of low-dose aspinn. Fol-
low-up colonoscopies were performed at one and three years after randomization.
The occurrence of newly detected colorectal adenomas was compared among the
groups with the life-table extension of the Mantel-Haenszel test.

BRESULTS

Eollow-up colonoscopics were completed at year 1 in 89.5 percent of randomized pa-
tients, and at year 3 in 75.7 percent, The estimated cumulative incidence of the detec-
tion of one or more adenomas by year 3 was 60.7 percent for patients receiving placebo,
as compared with 43.2 percent for those receiving 200 mg of celecoxib twice a day
{rigk ratio, 0.67; 95 percent confidence interval, 0.59 to 0.77; P<0.001) and 37.5 per-
cent for those receiving 400 mg of celecoxib twice a day (risk ratio, 0.55; 95 percent
confidence interval, 0.48 wo 0.64; P<0.001). Serious adverse cvents occurred in 18,8
percent of patients in the placebo group, as compared with 20.4 percent of those in
the low-dose celecoxib group (risk ratio, 1.1; 95 percent confidence interval, 0.9 to
1.3; P=0.5) and 23.0 percent of those in the high-dose group (risk ratio, 1.2; 95
percent confidence interval, 1.0 to L.5; P=0.06). As compared with placebo, celecoxib
was associated with an increased risk of cardiovascular events (risk ratio for the low
dose, 2.6; 95 percent confidence interval, 1.1 to 6.1; and risk ratio for the high dose,
3.4; 95 percent confidence interval, 1.5 to 7.9).

COMCLUSIONS

These findings indicate that celecoxib is an effective agent for the prevention of
colorectal adenomas but, because of potential cardiovascular events, cannot be rou-
tinely recommended for this indication. (ClinicalTrials.gov number, NCTO0005094.)
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OLORECTAL CANCER IS A COMMON MA-
' lignant condition, responsible for approx-

imately 150,000 new patients and approx-
imately 55,000 deaths per year in the United States
alone,! Despite these statistics, colorectal cancer
is one of the most preventable cancers. Most
colorectal cancers develop from precursor adeno-
mas, which can be identified and removed during
a screening colonoscopy. This procedure may low-
er the rates of death due to colorectal cancer by
25 much 25 30 to 40 percent.? The aim of chemo-
prevention is to use pharmacologic agents to aug-
ment the benefits of colonoscopic polypectomy by
inhibiting early stages of tumorigenesis, thereby
preventing malignant transformation of precursor
adenomas.

A remarkable concordance of data from maore
than 40 observational studies suggests that non-
sterpidal antiinflammatory drugs (NSAIDs) reduce
the incidence of colorectal adenomas, colorectal
cancer, and deaths from colorectal cancer.’ The
effects of NSAIDs have been confirmed in ran-
domized trials showing that aspirin has a modest
chemopreventive effect on sporadic colorectal ad-
enomas.** A leading hypothesis explaining this
result is based on the presence of tumorigenic cy-
clooxygenase-2 (COX-2) within adenomas but not
in normal intestinal tissue. COX-2 mediates the
production of prostaglandin E, (PGE,) in epithe-
lial tissues, resulting in activation of signaling
pathways that promote cell proliferation and in-
hibit cell death.”* Selective COX-2 inhibitors, such
as celecoxib, were originally developed for the
treatment of pain and inflammation. In patients
with familial adenomatous polyposis, celecoxib
(Celebrex) also showed antitumor activity.” We
conducted a randomized trial to determine wheth-
er celecoxib also prevents sporadic colorectal ad-
ENOMmas.

METHODS

STUDY DESIGM

The Adenoma Prevention with Celecoxib (APC)
trial was a randomized, placebo-controlled trial to
test whether celecoxib reduces the occurrence of
endoscopically detected colorectal adenomas. We
tested the safety and antitumor efficacy of 200 mg
of celecoxib twice daily, 400 mg of celecoxib twice
daily, and placebo. The randomization was strat-
ified on the basis of the use or nonuse of low-dose
aspirin (325 mg or bess every other day or 162.5 mg

or less every day) and clinical site. The trial invelved
91 clinical sites (72 in the United States, 8 in Aus-
tralia, 10 in Canada, and 1 in the United Kingdom).
The study protocol was approved by the human-
subjects committee at each sive. All patients pro-
vided written informed consent before enrollment.
An independent data and safety meonitoring board
reviewed safety data monthly and efficacy data
twice a year. All study colonoscopics were per-
formed by gastroenterologists associated with
the APC trial. The APC trial was funded by the
National Cancer Institute and by Pfizer, through
a clinical trials agreement with the National Can-
cer Institute, The APC trial was a cooperative ef-
fort led by a study steering committee composed
of the lead principal investigator, the National
Cancer Institute project officer, and a representa-
tive from Pfizer. The steering committee of the
APC trial directed all aspects of the study, in-
cluding its design, data gathering, data analysis,
and manuscript preparation. The authors vouch
for the completeness and veracity of the data and
data analysis.

BECRUITMENT AND RAMDOMITATION
Staff at the clinical sites identified eligible study
participants by reviewing colonoscopy records dur-
ing a recruitment period from November 1599 o
March 2002. Participants ranged from 31 to B8
years of age at enrollment and had recently under-
gone colonoscopic removal of colorectal adenomas
and had a high risk of recurrent adenomas on the
basis of a history of either multiple adenomas or
removal of a single adenoma more than 5 mm in
diameter. Within six months before enrollment,
eligible patients underwent complete colonosco-
py with remowval of all palyps, one or more of which
was a histologically confirmed adenoma.
Patients were willing to abstain from long-term
use of NSAIDs (defined as more than 21 days of
use per year) or COX-2 inhibitors, excluding low-
dose aspirin, for the duration of the study. Patients
not taking aspirin at baseline were required to
abstain from taking it during the trial.
Exclusion criteria included a history of famil-
ial adenomatous polyposis, hereditary nonpolyp-
nsis colon cancer, inflammatory bowel disease, or
large-bowel resection other than appendectomy.
Other exclusion criteria included a history of a
rendl or hepatic disorder, a clinically significant
bleeding disorder, or treatment for a gastrointes-
tinal ulcer in the month before study entry. Pa-
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tients were ineligible if they had used NSAIDs or
aspirin at doses of more than 325 mg every other
day at least three times a week during the two
months before randomization or if they had re-
ceived treatment with oral or intravenous corti-
costeraids for more than two weeks during the
six months before randomization,

A total of 2457 potential participants entered
a 30-day placebo run-in period during which they
were required to have at least 80 percent adherence
to medication use, a5 measured by pill counts, in
order to proceed to randomization (Fig. 1). During
this time, a central study pathologist reviewed
baseline adenomas to confirm study eligibility;
subsequently, 2035 patients were stratified accord-
ing to clinical sire and the use or nonuse of low-
dose aspirin and were randomly assigned to treat-
ment by means of an intéractive voice-response
system.

STUDY TREATMENT
Study medication was distributed in capsules con-
taining 100 mg of celecoxib for the 685 patients
assigned to 200 mg twice daily, 200 mg of cele-
coxil for the 671 patients assigned to $00 mg twice
daily, or placebo for the remaining 679 patients.
Each capsule was identical in appearance. Patients
were provided medication at six-moath intervals
and were instructed to take two capsules with food
in the morning and in the evening each day.
Open-label low-dose aspirin was supplied for pa-
tients already taking aspirin, and acetaminophen
was supplied for the treatment of minor pain and
febrile illnesses. In compliance with a recommen-
dation by the data and safety monitoring board,
which was based on an analysis revealing that pa-
tients taking celecoxib were at increased risk for
cardiovascular events, study treatment was dis-
continued on December 17, 2004, before all pa-
tients had completed three years of treatment,*®

ASSESTMENT OF END FPOINTSE AND FOLLOW-UP

All primary efficacy analyses were performed on
an intention-to-treat basis, with primary end points
determined for all patients by means of follow-op
colonoscopies, regardless of whether the patient
adhered to the treatment regimen, The primary ef-
ficacy end point was the detection of an adenoma
during a post-randomization colonoscopy. One sec-
ondary end point was the detection of advanced
adenomas, defined as adenomas having any of the
following characteristics: a diameter of at least

1 em according to endoscopic measurement, vil-
lous or tubulovillous histologic appearance, high-
grade dysplasia, intramucosal carcinoma, or inva-
sive cancer. Other secondary end points included
the number of adenomas, the size of the largest
adenoma, and the adenoma burden (the sum of the
diameter of all adenomas).

A complete physical examination, including
clinical laboratory tests (iLe., complete blood count,
serum chemical analysis, aod urinalysis) and de-
termination of vital signs, was performed ar base-
line and one and three years after randomization.
Patients were contacted every two months to re-
port use of concomitant medication and adverse
events, During these discussions, patients were
also counseled to avoid nonprotocol use of aspirin
and NSAIDs,

A study investigator performed a complete colo-
noscopy with visualization of the cecum and en-
doscopic removal of all polyps one and three years
after randomization. In cases of inadequate bow-
el preparation or failure to reach the cecum, year
1 colonoscopies were repeated at the discretion of
the investigator, and year 3 colonoscopies were
repeated within six weeks after the incomplete
examination. A central study pathologist exam-
ined in a blinded fashion all polyps removed
during these colonoscopies. If the central study
pathologist and the institutional pathologist dis-
agreed, polyps were examined by an independent,
adjudicating pathologist who was unaware of the
previous histologic diagnosis and whose opinion
resolved the discrepancy. Adverse events report-
ed by investigators were classified according to
criteria from the Medical Dictionary for Begula-
tory Activities (MedDRA), version 8.1. Serious ad-
verse events were reported to a study monitor
within 24 hours after identification by personnel
at the clinical site.

STATISTICAL ANALYSIS

The trial was designed with a statistical power of
96 percent to detect a 35 percent reduction in the
relative risk from a placebo incidence of 40 per-
cent'! in the proportion of patients in whom
adenomas were detected during a three-year fol-
low-up period at the 0,025 (two-sided) level of sig-
nificance for each celecoxib group as compared
with the placebo group. Power calculations as-
sumed a dropout rate of up 10 40 percent and were
adjusted for use or nonuse of aspirin. The primary
end point of the detection of an adenoma and the
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CRELECOXIN FOR PREVENTION OF COLORECTAL ADENOMAS

secondary end point of the detection of advanced
adenomas were compared for each treatment group
with the use of the Mantel-Cox test, which is a life-
table extension of the Mantel-Haenszel statistic
with stratification for aspirin use or nonuse at
baseline.**** The Mantel-Cox procedure also pro-
vides a summary risk ratio, which is the weighted
average of the relative risk over the two intervals
and two aspirin strata.*»** Patients with no fol-
low-up colonoscopy were excluded from both in-
tervals. A patient with a colonoscopy at year 3 bug
with no colonoscopy at vear 1 was included in the
analysis through year 1, with the assumption that
the patient had no adenoma by year 1, and was then
included in the analysis through year 3 according
to the findings of the colonoscopy at year 3. The
analyses at year 3 excluded patients with an adeno-
ma at the year 1 colonoscopy and patients with no
adenoma at year 1 and no cofonoscopy at year 3,

Investigator-reported adverse events were an-
alyzed in toral and according to prespecified
categonies to describe renal and hypertensive dis-
orders, gastrointestinal ulceration and hemor-
rhage, and cardiovascular disorders. The analyses
incloded all events occurring after the first dose
of study medication. Patients with the end point
of an adverse event were defined as those who
had at least one of the adverse events during the
course of the study, and the dsk ratio was esti-
mated on the basis of the relative risk (adjusted for
aspirin use).

An additional analysis separately examined se-
rious cardiovascular events, since these events
were considered 1o be of the grearest clinical im-
portance. These serious adverse events were then
adjudicated and analyzed by an independent car-
diovascular safety team, as reported previously,
and opdated for the current report with the use
of final study data,*® The owtcome of a serious
adverse event was based on a dme-to-event analy-
sis, and the Cox proportional hazards model was
used o assess the risk ratio, There were no formial
interim analyses of efficacy. All reported P values
for safety analyses are two-sided and not adjusted
for multiple testing. All analyses were performed
with 5AS software, version £ or higher.

RESULTS

= ==

Baseline variables were similar across all treat-
ment groups (Table 1), Risk factors for adverse
events, such as a history of candiovascular disease,

smoking, of diaberes, were also balanced among
treatment groups. Colonoscopic end points were
assessed in 1822 of 2035 patents who had under-
gone randomization (89.5 percent); 1541 patients
(75.7 percent] completed the examination at vear
3 (Fig. 1). Before assessment of the end points,
10.5 percent of the patients withdrew from the
study, This includes 1.2 percent of patients who
had undergone randomization but weze lost to fol-
low-up before a study colonoscopy was performed.
Patients who did not complete the study were
relatively evenly distributed among the treatment
groups (Fig. 1).

Patients who did not adhere to the use of the
study drug for any reason remained in the study
until the scheduled completion time for the de-
termination of the end points, in keeping with the
intention-to-treat principle. Approximately two
thirds of participants adhered to the treatment
regimen at least 80 percent of the time, with no
significant difference among the treatment groups
(Fig. 1). Because of an increased incidence of car-
diovascular events in the two groups treated with
celecoxib, use of the study medication by patients
who had undergone randomization was discontin-
ved on December 17, 2004, in compliance with the
recommendations of the data and safety monitor-
ing board. At that time, 1762 patients (86.6 per-
cent) had completed three vears of treatment. OF
the 273 patients who still had one to three months
remaining of planned use of the study drug, 199
(729 percent) underwent study colonoscopy at vear
3, and these data were used in the primary effi-
cacy analyses.

The primary efficacy analysis considered ade-
nomas detected ar any time after randomization
(Table 2). A small percentage of polyps removed
(L4 percent) were not retrieved and could not be
examined. In the placebo group, 354 patients had
at least one adenoma, as did 252 patients in the
group receiving 200 mg of celecoxib rwice daily,
and 213 patients in the group receiving 400 mg
of celeconib twice daily. The estimated cumulative
incidence of the detection of one or more adeno-
mas was 60.7 percent in the placebo group, 43.2
percent in the group receiving 200 mg of cele-
coxib twice daily, and 37.5 percent in the group
receiving 400 mg of celecoxib twice daily. This cor-
responds to a risk ratio of 0.67 (95 percent con-
fidence interval, 0.59 wo 0.77) in the 200-mg group
and 0.55 (95 percent confidence interval, 0.48 to
0.64) in the 400-mg group.
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Age—y

bdedian L5 5g 55

Rarge 31-88 35-43 347
Male sex = no. [#) 471 (691 &5 (67.2) 454 (BT.T)
Race or ethinic group — na, (M)

Mo Hisparic white 624 {91.5) 632 (92.3) 607 (30.3)

Mon-Hispanic black 37 (5.4 50 (4.4) 45 [6.7)

Hispanic 11{1.6) 16 (2-3) 1015}

Adian, Pacific Islander, or other 7.0 7 (L0} 313}
Body-mass indext

Men 28.840.2 129002 18.6:02

Wamen 2934004 78 5404 290004
Coborectsl cancer in a parent — no. (%) 140 {30.5) 147 (20.5) 142 {21.2)
M. of reported adencemid 2.04:0.1 2101 21201
At beast ore adenoma 21 om — no. (%) TRE (42.4) 103 (44.2) 91 {43 4)
Multiple adenomas — no. of patients (%) 374 (55.1) 175 (54.7) 163 {54.1)
Adenema burden — omj 1482005 1.50w0:05 147004
Use of low-dose aspirin— no. (3] 213 (1Y 211 [30.5) 204 (3004
Higtary of cardéovascualar events — e, (5] 99 (14.5) g4 [13.7} g% [14.8)
Hilstary of hypertension — no, (W) 280 (41.7) 280 [42.3) 264 (39.3)
Histary of diabetes — no. [%) &1 (.0) &7 [3.8) &6 (9.5)
Current cigarette smaker — nes, (%) 127 (180 119 (17.4) 96 (14.3)

* Plug=sminus vabues are meand £5E,
4 Race of ethnks group was determined by the investigatos

1 Body-mass Ind-n:h'ﬂ'rt#ﬂ.lhhl:lhﬂmdhiddhl}nmrt ol the height in meters.
as the sum of the dameter of all adencmas
Low-dose aspirin was defined as 325 mg or bess every other day or 16253 mg or

The sdenama burden was defined

duwing colonoscopy at baseline.
wvery day.

| Cardiovascular events were defined &3 enyocasdial infarction, cerebrovascular disease, congestive heart fallure, and angina.

Celecoxib therapy was associated with a re-
duced number of advanced adenomas; 99 patients
in the placebo group had at least one advanced
adenoma during the three-year period, as com-
pared with 44 patients in the group receiving
200 mg of celecoxib twice daily and 35 patients
in the group receiving 400 mg of celecoxib twice
daily. The estimated cumulative incidence of ad-
vanced adenomas was 17.2 percent for patients
receiving placebo, 7.8 percent for those treated
with 200 mg of celecoxib twice daily, and 6.3 per-
cent for those treated with 400 mg of celecoxib
twice daily, corresponding to a risk ratio of 0.43
{95 percent confidence interval, 0.31 to 0.61) in the
200-mg group and 0.34 (95 percent confidence

interval, 0,24 vo 0.50) in the 400-mg group. Sub-
group analyses according to the use or nonuse of
low-dose aspirin yielded similar results (Table 2.

During the three-year study, the adenoma bur-
den was smaller among patients given celecoxib
than among those given placebo. Patients receiv-
ing placebo had a mean (£5E) adenoma burden of
1.340.1 cm, as compared with 1.040.1 cm among
patients receiving 200 mg of celecoxib twice daily
(P=0u004) and 0.9+00.1 cm among those receiving
400 mg of celecoxib twice daily (P=0,002) (Fig. 2.

Clinical variables measured during physical ex-
aminations during the study showed increased
blood pressure among patients in the celecoxib
groups, with a change from baseline to year 3 in
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Tabla 2. Risk of Adwnoman®
Coleconib, 100 mg  Celecoxib, 400 mg
Placebo Twice Daily Twrkce Dally
Wariable {M=673) (M =685) {N=671)
Dwtection of any sdencsmat
All patients
Year | colonoicopy — no. with adenoma ftotal no. at risk (%) 271608 (44.5) 186613 (30.3) LAT 600 [(ZLE)
Year } colonascopy -— mo, with sdenomaiotal no. at risk {56} EXf2ED (259.0) BE/IST (18.5) Tig 400 (15,0}
Cumulative incidence of adenomas detected through yeir 3 — 3% 60.7£2 1 433431 37.5¢2.1
Rizk ratio [35% CI) - 057 [0.59-0.77) 0.55 (0.45-0u64)
Pwalue} o 0.0 <00
Patients taking aspurin
Cuarmulative incidence of sdenamas detected theough veas § — % 59.59:1.7 45 7238 EE I
Risk ratio (35% CI) — 0,71 0.5 70,509 055 [0.43-0.71]
Pvaluet - 0.0 <0001
Patients nok taking aspirin
Cumulative incidence of adencmas detected through year 3 — % 60,9225 421225 373004
Risk ratio (95% CI) .65 §0.55-0.77) .55 [046-0.65)
P valed L) 001
Sensithity analysis imputing ademoma for patients witheut an snd-polnt
determinabon]
Cumulative incidence of aderomas detecied threuph year 3 — % T0.1:1.8 £7.521.9 51.7al.0
Risk ratio (93% C1) — 0.76 (0.65-0.85) .66 |0.55-0.73)
Pvalue} - <, 000 =0.001
Analysis of patients wio sdhered to protocely
Curmulative intidence of sdenomas detected through year 3 — % E0.7:18 MB=2 B $h4s2.7
Risk ratio {95% €1} e 059 (048-0.71) .51 {.41-0.64)
P walued . 1,00 «f, 01
Detection of advanced adenomas|
All patients
Year 1 colonticopy — no. with advanced adenomaftotal no. st risk (%) 67608 (1.0} 6613 (4.2) 17/601 (2.8)
Year 3 colonascopy — no. with advarced aderoma ftotal ne. ot risk (%) 32459 (1.0) 18/4E7 (3.7) 1&/503 [3.6)
Cumulative incdence of advanced adernmas detected thaough 17.2+1.6 TRl 6.3=1.0
year } — %
Risk ratio (35% C1) —_ 0.43 (0.31-0.61) 034 (0.24-0.50)
P walued it <0001 <0001

* Plus-minus values are means £5E, C1 denotes confidence interval, and dashes not applicable.

T Patierts congidered at risk during year 1 induded those who undensent colonascopy st year 1, &5 well a3 these who did ot undergo colo-
ratopy at year 1 but did do so at year 3, Potieerts whe undersent colonascopy at year 3 alone were assumed to have had no sdenomas de-
tected at year 1. Patients considered at risk st year 3 included all patients who underwent a colomascopy at year 3 and who had no sdero-
mas gt year 1 of who did not underge coloroscopy ot year 1 and were thirefore sssumed 1o have no adenomas at year 1.

+ The P value is for the comparison with the placebo group.

§ Sensativity anabysis smpiting adencma for patients without an end-point determinstion sssumes that any patsent who underwenit randam:
ization and did not have an end-point determination (either 31 year 1 or af year 3) had an adencma detected at year 1 and that any patient
who urdersent randomization and had an end-point determination only a1 year 3 had the seme findings present at year 1.

4§ Population compliant with protecol consists of 754 patsents who used study medication at a compliance level of =30 percent for the pevicd
froem: randomization up 1o one month before colonoscopy at year § and who had no adencma detected at the eolonascopy at year 1.

| Advanced adenomas were defined as adenomas that were at least 1 cm in dismeter or that had villows or tubulovillous histologic features,
high-grace dysplasis, intramucesal carcinoma, or invasive carcinoma. Seven invasive cancers were diagrosed dusing the tal. Calorectal
cancer was disgnosed in theee patients in the placebo group, sis menths afler randemization for cne patient and three years after random-
izaticn for two patients. Four invashee carcinomas weve identified in patients treated with 400 mg of celeconib twice daily; ane was diag-
nosed at the scheduled year 1 study, and three were diagnosed at the scheduled year 3 study,
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Figure 2. Summary of Eflcacy Results disring the
For the 2035 patients whe undefwent mization, -
Panel A represents mmwmum]
of adenornas or advanced adenomas detested during.

the three years after rﬂm : jpoint
of esch bur indlcates the propartion of patients with
any adenoma detected, and the lower sectianc

bar indicates the proportion with advanced ade )
For all adenomas, P<t.001 for the comparison with
placebo Tor bath drug dodes. Kdnied siofi wede <
identified in 17.2 percent of patients taking placebo.

7.8 percent of patients taking 200 mg of celecaxib

twice dadly, and 6.3 percent of pﬂlrﬂl}lﬂdr‘"ﬂ'ﬂ img -
of celecoaib twice dadly. Panel B shows the mean [45E] .
treatment-asseciated reduction in adencyma burden
[defined as the sum of the mt‘_lﬂ-iﬁm“} ;
among all 819 patients in whom reclrrent adencmad
were detected during the thrée years after rapdomiza-
o T PR s

H T

mean blood pressure of =1.6/~3.0 mm Hg in the
placebo group, +1.0{-1.2 mm Hg in patients as-
signed to 200 mg of celecoxib twice daily, and
4+3.6/~1.0 mm Hg in patients assigned to 400 mg
of celecoxib twice daily (P<0.001 and P=0.01 for
the comparison of the combined celecoxib groups
with the placebo group for systolic and diastolic

blood pressure, respectively). No drug-associated
change was observed in serum levels of creatinine,
alanine aminotransferase, or hemoglobin.

At least one adverse event was reported in 617
patients in the placebo group (91.3 percent), 645
of those receiving 200 mg of celecoxib twice daily
(94.4 percent), and 635 of those receiving 400 mg
of celecoxib twice daily (94.9 percent) (Table 5!':'-
At least one serious adverse event was reported in
18.8 percent of the patients in the placebo group,
as compared with 20.4 percent of those receiving
200 mg of celecoxib twice daily (risk ratio, 1.1;
95 percent confidence interval, 0.9 to 1.3; P=0.3),
iudﬂ.ﬂpﬂrmtnf'd:u!:mﬂh’iﬂ&mmﬂﬂf“F
ecoxib rwice daily (risk ratio, 1.2; 95 percent con-
fidence interval, 1.0 to 1.5; P=0.06) (Table 3 and
Supplementary Appendix, available with the full
text of this article at www.nejm.org). (e patient
in the placebo group had grade 3 bleeding after
the polypectomy — a serious complication result-
ing from a study colonoscopy.

Nonadjudicated investigator-reported renal and
hypertensive disorders, gastrointestinal ulcer-
ation and hemorrhage, and cardiovascular disor-
ders were analyzed separately. No consistent dose-
related trend roward an increased incidence of
renal and hyperensive disorders or gastrointesti-
nal ulceration and bemorrhage was observed, al-
though aspirin users assigned to receive celecoxib
showed a trend toward increased gastrointestinal
ulceration and hemorrhage.

Cardiovascular adverse events among partici-
pants in the APC trial have been reported previ-
ously, according to a prespecified analysis of
adjudicated serious adverse events,' and were
updated with the final study data (Table 3). This
analysis indicated an increased risk of serious car-
dicvascular complications (i.e., death from cardio-
vascular causes, nonfatal myocardial infarction,
stroke, or heart failure) among those receiving
celecoxib, with risk ratios of 2.6 (95 percent con-
fidence intgrval, 1.1 to €.1) and 3.4 (%5 percent
confidence interval, LS to 7.9) for the low-dose
and high-dose cohons, respectively. The absolute
magnitude of risk was greatest for patients with
a history of cardiovascular events at baseline, al-
though no relation between cardiovascular events
at bazeline and during the study was observed in
patients receiving celecoxib. Patients who entered
the study with a history of myocardial infarction,
stroke, congestive heart failure, or angina had a
3.0 percent incidence of serious cardiovascular
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Table 5. Incdence o Advese Events s Randoraton e ;

Celeconib, 200 mg  Celecoxib, 400 mg
Pacebo Twdce Dally Tudee Daily

Adverse Event] [N =&76) M =623) N = &3]

All serious adverse events — no, of patients () 127 [18.8) 139 [20.4) 154 (23.0)

Risk ratio (95% CIj L1 [08=1.3} 1.2 (1.0=1.5)

Dieaths = no, of patients (%) & [0.9) B {L3) 10 (1.5}
Rlsk sutio [35% CT) 1Y 08518 1.7 (648

Adjudicated prespecified serious cardiovascular events — 70 ; 18 [2.8) 23 (3.4}

rea. of patients (%51
Rigk rutéa (955 CI) 268 {1.5-5.1Y 141579

Mgy advarsae svard — no, of pathents with adverse eventfna. in cobort [3%)

AF patients 617676 (91.3) 645683 (04.4) 635665 (54.9)
Risk rutio (95% C1) L0 (1.0-1.1) 1.0 (1.0-1.1)
Renal and hyperiensive discedens) 1M676 [19.2) 164 JEEY {24.0) 141,664 (21.1)

Risk ratio (35% Ci) L2 {1.0-1.5) 1.1 {0.9-1.4)
Gastrointestingd uiceration and hemorrhage BOJ6TE (11.5) THIEED (11.4) TEIEED (11.4)

Risk ratio {95% C1) L0 (0.7=1.3) 1.0 40.7-1.3)
Monadjudicated investigatorreported cardicvascular disorders| JJETE (4.4) 45/6E3 (6.6) 5d fei8 (B.1)

Rigk ratio {95% C1) 1.5 (0.9-2.3) 18 (1.2-28)

Patsenits taking spirn 201219 (91.8) 153205 (94,1 1977211 (93.4)
Risk ratic (95% CT) 1.0 (L0=1.1} 1.0 {1.0=1.1)
Renal and hyperteniae disordern] 441219 (20.1) 57205 (27.8) 45201 (21.8)

Risk rutio (35% €I} 14 [L0=3.0) L1E-18
Gastraintestinal Woeration and hemarrhage a2 (11.0) FETFI A ER 17200 (14, 7)

Risk ratio (95% C1) 1.2 (0.7-2.1) 13 (0.4-2.3)
Nonadjudicated investigator-repested cardiovasoular disorders| 15/219 (6.8) 21205 (10.2) F1201 (RO}

Risk ratio (95% C1) 1.5 [0.8-2.5) 1.5 {0827

Patients not taking asparin 416457 (1.0 4521478 (94.5) 4337458 [35.6)
Rizk ratic [35% CT) 1o [Lo-1.1) 11 {Lo0-11)
Reru! and bypertentive disorders] 85457 [15.8) 107 /478 (22.4) 95458 20.7)

Fisk ratic (359 CN) 1.2 (0.5=1.5) 1.1 [0%-14)
Gastrointestinal ulceratian ard hermarrhapeq 56457 [12.3) SO/E7 [10.5) 45458 (5.5)
Risk ratho (55% C1) 0.9 [0L6-1.2) 08 [05-1.3)
Honadjudicated investigator-reported cardiovasoular disarders| 15457 [3.3) 24478 (5.0} Y3458 (73]
Risk ratio [95% C1) 1.5 [DB=2.5 .2 (L3140
* 1 denotes confidence interval,

 Safety analyses excluded seven patients wha undenvent rendamization but never received the study drug: three patients in the placsbo

group, two msigned to 200 mg of celecoxib twice daily, and two assigned to 400 mg of celecowb twice duily. Evers recorded are those that
un:lmdduri'ra:hlinuﬁrfhﬂ:ﬂdﬁﬂﬂﬂuﬂrdﬂ:unﬂlmﬂhﬁmﬂﬂhﬂhﬂmﬂﬁmhmdy Cither categories of sericus ad-
verse gvands that wene similar & all treatment groups are listed in the Supplementary Appendix,

1 Thiz mwmmﬁ% stroke, congestive beart fuilure, and death due to cardiovascular disease, Data that were avail.
able for up to thres years sfter the beginning of treatment were analyzed for all patients who undersent randomization. Additanal data con-
cerning nonadjudicated investigator-reported sericus adverse events related Bo the cardievascular system are provided in the Supplementary
Appendic
This category inchudes reports of elevated serum oreatinine bevels, fuld retention and sdema, Fypemension, proteinusia, and renal fibure.
This category Includes anemds, gastrointestinal bleeding, gasiritis or dusdenitis, upper or lower gastrolntestinal ulceration, and other hem-

| These disorders were defined as angina, myccardial infasction or ischemia, cerebrovitcidar diseate, peripheral vascular disease, venous
thrombosis or thromboembolism, pevipheral vascular therapeutic procedures, cardipwascular therapeutic procedures, and death or clrcula-
tary collapse.
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events if they took placebo and an 8.8 percent
incidence if they took celecoxib at either dose (risk
ratio for the comparison with placebo, 3.0; 95 per-
cent confidence interval, 0.9 to 10.4). Among pa-
tients without these risk factors at baselins, 0.7
percent of those in the placebo group had a seri-
ous cardiovascular event, as compared with 2.1
percent of those in cither celecoxib group (risk
ratip, 3.0; 95 percent confidence interval, 1.0 to
8.7). The adjudicated analysis of data pertaining
to serious adverse events agreed substantially with
nonadjudicated investigator reports of serious ad-
verse events related to cardiovascular disorders.

DISCUSSION

Previous artempts to modify the risk of sporadic
adenomas through dictary interventions have been
largely unsuccessful, " although calcium and vi-
tamin D supplementation demonstrated a slight
benefit.*® Randomized trials of aspirin showed
a more substantial chemopreventive effect, with re-
ductions of approximately 20 percent among pa-
tients in whom recurrent adenomas developed.**
These findings are tempered somewhat by the ob-
servation in one study that low-dose, but not high-
dose, aspirin had an antitumor effect.* We stud-
ied a cohort at high risk for colorectal tumors, as
evidenced by a 60.7 percent incidence of newly de-
tected adenomas in the placebo group during the
three-year period and a 17.2 percent incidence of
advanced lesions. Treatment with a 400-mg dose
of celecoxib twice daily for three years reduced the
incidence of recurrent adenomas of any type by
45 percent and of high-risk lesions by 66 percent.
The effect was confirmed by a similarly designed
independent study, the PreSAP Trial, described by
Arber et al. elsewhere in this issue of the Journal.**
Patients in the APC trial who took aspirin in ad-
dition to celecoxib did not show greater chemo-
preventive benefit than those who took celecoxib
alone.

we did not directly assess the effect of cele-
coxib on colorectal cancer. In the context of a
program of surveillance colonoscopy to detect and
remove premalignant adenomas, the benefit of
eelecoxib in the prevention of colorectal cancer is
still unknown, and further research is necessary
to develop a successful chemopreventive regimen.
To optimize the benefit, studies should focus on
persons who are at the highest risk for colorectal
cancer, since celecoxib was particularly effective
in preventing advanced lesions. Colorectal cancer

takes many years to develop, and celecoxib causes
regression, in addition to suppression, of estab-
lished adenomas.® Thus, additional investigations
should address the value of various dosing sched-
ules, considering the dose-related effects on the
prevention of adenomas and on adverse events,

Selective COX-2 inhibitors were developed as
a safer alternative to nonselective NSAIDs, with
respect to gastrointestinal bleeding. These agents
preferentially inhibit COX-2, an inducible enzyme
mediating inflammation and tumorigenesis, and
not COX-1, the constitutively expressed enzyme
responsible for protective mechanisms in the gas-
tric mucosa and renal vasculature, Selective COX-2
inhibitors have fewer effects on gastric mucosa oF
platelet function than do the nonselective NSAIDs
and, as a result, may be associated with fewer ul-
cers and hemorrhagic complications.® In general,
our results are consistent with these assertions,
although the combination of aspirin and celecoxib
may be associated with more gastrointestinal ul-
ceration and hemorrhagic events than is placebo.

Previously, we reported the results of a cardio-
vascular analysis conducted of the APC trial while
the treatment portion of the study was still under
way.* The data were analyzed on an intention-to-
treat basis and included adjudicated serious car-
diavascular events, and the analysis revealed an
increased risk among patients taking celecoxib of
a combined end point including myocardial infare-
tion, stroke, congestive heart failure, or death due
to cardiovascular disease. The updated adjudicated
analysis reported here, which includes one addi-
tional event in the low-dose celecoxib group, also
shows 2 dose-related increased cardiovascular risk
associated with celecoxib. Mot surprisingly, sub-
group analyses suggested that the absolute risk of
cardiovascular events wis greatest among patients
with a history of cardiovascular events at baseline,
but the risk ratio did not differ significantly among
those with and those without cardiovascular events
at baseline. In addition, blood pressure increased
with the use of celecoxib, suggesting that chang-
5 in vascular tone may predispose patients to
cardiovascular events.

In summary, the use of celecoxib by patients
at high risk for colorectal neoplasia significantly
reduced the proportion of patients with adeno-
mas detected during a three-year study. This trial
documented prevention of premalignant adeno-
mas with celecoxib but was not designed to
assess effectiveness of the drug for the preven-
tion of colorectal cancer, and no claims about
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its use in this regard can be made from our data.
Safery analyses confirmed previous reports of
an increased incidence of serious cardiovascu-
lar events. If furure study of celecoxib for the
chemoprevention of colorectal cancer is pursued,
the potential addition of this drug to an opti-
mal endoscopic surveillance program must be
weighed against the known risk of serious car-
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