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Background & Aims: In human and animal studies,
nonsteroidal anti-inflammatory drugs have been associated
with a reduced risk of colorectal neoplasia. Although the
underlying mechanisms are unknown, inhibition of cycloox-
ygenase (COX), particularly COX-2, is thought to play a role.
We conducted a randomized, placebo-controlled, double-
blind trial to assess whether use of the selective COX-2
inhibitor rofecoxib would reduce the risk of colorectal ade-
nomas. Methods: We randomized 2587 subjects with a
recent history of histologically confirmed adenomas to re-
ceive daily placebo or 25 mg rofecoxib. Randomization was
stratified by baseline use of cardioprotective aspirin. Colono-

scopic follow-up evaluation was planned for 1 and 3 years
after randomization. The primary end point was all adeno-
mas diagnosed during 3 years’ treatment. In a modified
intent-to-treat analysis, we computed the relative risk of any
adenoma after randomization, using Mantel-Haenszel statis-
tics stratified by low-dose aspirin use at baseline. Results:
Adenoma recurrence was less frequent for rofecoxib subjects
than for those randomized to placebo (41% vs 55%; P <
.0001; relative risk [RR], 0.76; 95% confidence interval [CI],
0.69-0.83). Rofecoxib also conferred a reduction in risk of
advanced adenomas (P < .01). The chemopreventive effect
was more pronounced in the first year (RR, 0.65; 95% CI,
0.57-0.73) than in the subsequent 2 years (RR, 0.81; 95% CI,
0.71-0.93). As reported previously, rofecoxib was associated
with increased risks of significant upper gastrointestinal
events and thrombotic cardiovascular
Conclusions: In this randomized trial, rofecoxib signifi-
cantly reduced the risk of colorectal adenomas, but also had

serious events.

serious toxicity.

pidemiologic studies,!? experimental studies in animals,33#
and clinical trials in human beings!?5-8 have all shown
that nonsteroidal anti-inflammatory drugs (NSAIDs) have an-
tineoplastic effects in the colon and rectum. These drugs exert
anti-inflammatory actions through inhibition of cyclooxygen-
ase (COX), the enzymes that produce prostaglandins.® Al-

though the mechanisms underlying the antineoplastic NSAID
effects are not clear, it is likely that inhibition of one isoform of
COX, COX-2, is involved.'® Consequently, selective inhibitors
of COX-2 are natural candidates for chemoprevention, possibly
more effective than nonselective NSAIDs, and with lower gas-
trointestinal toxicity.!1-12

Adenomas are recognized precursors to most colorectal can-
cers, and the epidemiology of adenomas closely resembles that
for colorectal cancer itself.!3 Prevention of adenomas is likely to
prevent colorectal cancer, and adenomas have been used widely
as an end point in colorectal chemoprevention trials. To test the
hypothesis that COX-2 inhibition exerts chemopreventive ef-
fects in the large bowel, we conducted a randomized trial of the
selective COX-2 inhibitor rofecoxib for the prevention of colo-
rectal adenomas.

Materials and Methods

The Adenomatous Polyp PRevention On Vioxx (AP-
PROVe) trial was a randomized, double-blind, placebo-con-
trolled trial of the efficacy of oral rofecoxib, 25 mg/day, to
prevent colorectal adenomas. For regulatory purposes, the main
study hypothesis was that 3 years of treatment with rofecoxib
would reduce the adenoma risk among higher-risk subjects,
that is, those with at least one of the following at baseline: an
adenoma 1 cm or greater in estimated diameter, an adenoma
with villous or tubulovillous histology, 2 or more adenomas,
age younger than 55 years at first colorectal adenoma diagnosis,
or reported history of colorectal cancer among first-degree rel-
atives. From recent adenoma trials,”-1* we estimated that at least
two thirds of participating subjects would have higher risk. The
entire randomized population was the focus of prespecified
secondary analyses. Other secondary hypotheses addressed ad-
enoma occurrence in the first year of treatment, as well as that
in the subsequent 2 years.

Abbreviations used in this paper: APPROVe, Adenomatous Polyp
PRevention On Vioxx; Cl, confidence interval; COX, cyclooxygenase;
NSAID, nonsteroidal anti-inflammatory drug; RR, relative risk.
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Recruitment, Randomization, and Treatment

We recruited men or women at least 40 years old with
at least 1 histologically confirmed large-bowel adenoma
within 12 weeks of study entry and no known polyps remain-
ing in the bowel after complete colonoscopy. Exclusion cri-
teria included the following: familial adenomatous polyposis
or hereditary nonpolyposis colorectal cancer, history of a
colorectal adenoma before age 35, small- or large-bowel re-
section or inflammatory bowel disease, cancer within the 5
years before enrollment (except for nonmelanoma skin cancer),
anticipated need for chronic NSAID therapy (including high-
dose aspirin), evidence of occult gastrointestinal bleeding (1 or
more of 3 stool Hemoccult [Beckman Coulter, Inc., Palatine, IL]
screens positive), blood pressure higher than 165/95 mm Hg,
angina or congestive heart failure with symptoms at minimal
activity, history of myocardial infarction or coronary revascu-
larization within the past year, or history of stroke or transient
ischemic attack within the past 2 years.

Because aspirin’s chemopreventive effects might have inter-
fered with the study of those of rofecoxib, we initially excluded
subjects who regularly used aspirin. However, soon after the
study began we relaxed this exclusion to allow up to 20% of
subjects to use low-dose (=100 mg/day) aspirin for cardiovas-
cular prevention. This change avoided discouraging cardiopro-
phylaxis in subjects who needed it, and also enhanced general-
izability and eased recruitment. The protocol initially included
randomization to placebo, 25-mg rofecoxib, or 50-mg rofecoxib
arms. The last of these was dropped to accommodate the
increased numbers of subjects needed when aspirin use was
allowed. According to the analysis plan adopted at that time,
the 25 subjects who had been randomized to this arm were not
included in any analyses.

Enrollment occurred from February 2000 to November
2001 at 108 centers in 29 countries (see Appendix). An
institutional review board for each center approved the
study, written informed consent was obtained from all sub-
jects, and an independent safety and monitoring board over-
saw the trial. A study pathologist examined slides from each
subject to confirm eligibility. According to the prespecified
analysis plan, subjects not confirmed to have an adenoma at
baseline were omitted from efficacy analyses, but were in-
cluded in safety analyses.

At study enrollment, subjects entered a 6-week, single-blind,
placebo run-in. Patients who took at least 80% of run-in tablets
and were deemed suitable were assigned randomly to active
study tablets or an identical-appearing placebo daily for 3 years.
The computer-derived randomization was stratified by clinical
center and low-dose aspirin use, with a blocking factor of 2.
Patients, investigators, and study monitoring staff were blinded
to treatment allocations.

Follow-Up Evaluation

In-person visits occurred at randomization and weeks
4, 17, 35, 52, 69, 86, 104, 121, 138, 156, and 158 or after
treatment discontinuation. Recent medical events and med-
ications used were recorded at each visit. Mortality was
tracked for the entire treatment period; other adverse events
were recorded and evaluated by the blinded investigators for
subjects on-treatment and for 2 weeks after the last study
dose. Follow-up colonoscopy was planned for 1 and 3 years
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after randomization. Patients who discontinued study ther-
apy were encouraged to return for scheduled colonoscopies.
In 2003, the protocol was amended to include a year-4
follow-up colonoscopy to assess adenoma occurrence after
cessation of study therapy. At each study colonoscopy, we
asked the endoscopists to record the estimated size and
location of all polyps and mucosal lesions suspicious for
neoplasia. Endoscopists also were asked to photograph cecal
landmarks and each polyp (with adjacent biopsy forceps to
facilitate estimation of size). We also retrieved information
regarding other large-bowel endoscopies that occurred dur-
ing the study. Each lesion was removed and examined histo-
logically by the study pathologist. Subjects were counseled
regularly regarding avoidance of aspirin and other NSAIDs;
lists of products containing these agents were provided at
study entry, along with a list of analgesic/antipyretic drugs
that did not contain NSAIDs. Acetaminophen was distributed
for treatment of minor febrile illnesses and pain. Blinded adju-
dication committees assessed possible thrombotic cardiovascu-
lar and significant upper gastrointestinal events, including per-
forations, ulcers, obstructions, and bleeds.

Statistical Analysis

A modified intention-to-treat analysis was conducted,
including all randomized subjects with a follow-up colonos-
copy. The primary study outcome was the cumulative pro-
portion of subjects with 1 or more colorectal adenomas
detected during the 3-year treatment. A time-to-event ap-
proach was used in the overall analysis, with event times
grouped into 2 intervals corresponding to the years 1 and 3
follow-up colonoscopies. To allow time for scheduling and
completion of the year 1 colonoscopy, the first year was set at
65 weeks; the second 2 years were taken to be the time after
the first year examination through 3 years plus 3 months.
The treatment effect was assessed by a log-rank test stratified
by baseline aspirin use. Cumulative incidence within strata of
baseline aspirin use was calculated using a Kaplan-Meier
estimate over the 2 time periods. The overall cumulative
incidence for each treatment group, and risk ratios with 95%
confidence intervals (CIs), were calculated using Mantel-
Haenszel weights over strata of baseline aspirin use. Prespeci-
fied secondary outcomes were the numbers of large-bowel
adenomas and advanced adenomas: tubulovillous adenomas
(25%-75% villous features), villous adenomas (>75% villous),
large adenomas (=1 cm), those with high-grade dysplasia, or
invasive cancer. Separate analyses also were conducted for
the left colorectum (descending colon/sigmoid colon/rec-
tum) and the right colon (the remainder of the bowel).
Polyps with missing pathology because of lost or unretrieved
specimens were omitted from the analysis. Differences be-
tween the treatment relative risks (RRs) in year 1 and years
2-3 were tested using a normal approximation to the bino-
mial distribution of counts of patients with and without
adenomas. This analysis included only subjects with colonos-
copies in both time periods. The test compared the treatment
difference in proportions with adenomas in year 1 and years
2-3, taking into account within-subject correlation of risk.!®
Interactions of treatment effects with baseline characteristics
were examined using weighted least squares to test for risk
ratio homogeneity across subgroups. Proportional hazards
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3260 patients assessed for eligibility

673 not randomized

A

v

403 ineligible

160 withdrew consent

2986 patients entered

placebo run-in

41 clinical AE
44 other

A 4

25 rofecoxib 50 mg

2587 randomized to

rofecoxib 25 mg or placebo

I

A

1287 assigned to rofecoxib 25 mg

1277 with adenomas at baseline

1300 assigned to placebo

1293 with adenomas at baseline

119 No post-randomization

adenoma data

75 No post-randomization P

adenoma data

y

1158 in efficacy analysis

A 4

1218 in efficacy analysis

Figure 1. Enrolment, randomization, follow-up evaluation, and data analysis. The original study design included a rofecoxib 50-mg group; 25
patients were assigned to this treatment before it was decided not to proceed with this arm. Ag, adverse event.

regression was used for between-treatment comparisons of
risks of adverse events.

In designing the final protocol, we assumed that adenoma
risk in placebo higher-risk subjects would be 35%, that at most
20% of subjects would use low-dose aspirin, and that 80% of
randomized subjects would be evaluable. For regulatory pur-
poses, we designed the trial to have 90% power to detect a 32%
reduction in adenoma risk with an « value of .0025; for scien-
tific inference an « value of 0.05 was stipulated. Thus, we aimed
to randomize 2428 subjects (1578 or more higher risk). By
protocol, we did not plan to stop early for efficacy. P values and
CIs were 2-sided and were not adjusted for multiple testing.
Follow-up data presented include all events recorded as of April
27, 2006.

Results

Overall, 3260 patients were screened for study; 2587
were randomized to rofecoxib 25 mg or placebo (Figure 1).
Seventeen subjects found not to have at least 1 colorectal
adenoma on uniform pathology review were dropped from
efficacy analyses, leaving 1277 subjects randomized to rofecoxib

and 1293 randomized to placebo. There were no substantial
differences between treatment groups in demographic, lifestyle,
or clinical characteristics (Table 1). Overall, 2015 (78.4%) sub-
jects met the criteria for having higher risk.

In September 2004, 2 months before the anticipated end of
the trial, APPROVe treatment was terminated on the advice of
the External Safety and Monitoring Board!® because of a higher
rate of cardiovascular events in the rofecoxib group. At that
time, 2373 (92%) subjects had either discontinued study agents
or completed the planned 3-year treatment period. The remain-
ing subjects were urged to undergo year-3 examinations, and
those who wished to become unblinded were told their treat-
ment assignments.

Reported compliance with the study protocol was excellent
(Table 2). Even in the third year of the trial, more than 87% of
subjects reported taking at least 90% of their tablets. Subjects
also avoided higher-dose aspirin and other NSAIDs: reported
use generally was well below 10% except in year-3. At least 1
study colonoscopy was performed for 1162 rofecoxib subjects
(91.0%) and 1219 placebo subjects (94.4%). Ninety-five percent
of the year-1 colonoscopies and 94% of the year-3 examinations
permitted complete large-bowel visualization.
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Table 1. Baseline Patient Characteristics

ROFECOXIB AND COLORECTAL ADENOMAS 1677

All subjects

Higher-risk subjects

Rofecoxib 25 mg Rofecoxib 25 mg

Characteristic Placebo (N = 1293) (N = 1277) Placebo (N = 1001) (N = 1014)
Mean age, y (range) 59.4 (40-86) 59.4 (40-96) 58.0 (40.0-86.0) 58.1 (40-86)
Mean height, cm (range) 170 (133-199) 170 (137-198) 170 (133-198) 170 (137-198)
Mean weight, kg (range) 81.1 (34-159) 81.3(38-160) 81.3(34.0-159) 82.0 (44.2-160)
Male, n (%) 802 (62.0) 800 (62.6) 616 (61.5) 645 (63.6)
Caucasian, n (%) 1079 (83.4) 1074 (84.1) 845 (84.4) 865 (85.3)
United States, n (%) 667 (51.6) 655 (51.3) 508 (50.7) 522 (51.5)
Use of low-dose aspirin, n (%)@ 203 (15.7) 213 (16.7) 148 (14.8) 158 (15.6)
Current cigarette user, n (%) 268 (20.7) 258 (20.2) 225 (22.5) 212 (20.9)
Alcohol use, n (%) 761 (58.9) 767 (60.1) 589 (58.8) 614 (60.6)
First-degree relative with colorectal cancer, n (%) 278 (21.5) 311 (24.4) 278 (27.8) 311 (30.7)
2+ baseline adenomas, n (%) 435 (33.6) 489 (38.3) 435 (43.5) 489 (48.2)
Baseline tubulovillous or villous adenoma, n (%) 176 (13.6) 151 (11.8) 176 (17.6) 151 (14.9)
Increased risk of colorectal neoplasia, n (%)? 1001 (77.4) 1014 (79.4) 1001 (100) 1014 (100)

aLow-dose aspirin use defined as =100 mg/day.

bAt least 1 of the following: an adenoma 1 cm or greater in estimated diameter, an adenoma with villous or tubulovillous histology, 2 or more
adenomas, age younger than 55 years at the first diagnosis of colorectal adenoma, or reported first-degree family history of colorectal cancer.

In follow-up examinations, 5114 polyps were seen in 1598
subjects. Thirty-seven of 2874 polyps (1.3%) in placebo subjects
were not removed, and 46 of 2240 (2.1%) in the rofecoxib group.
Four rofecoxib and 1 placebo patient could not be included in
the analysis because all of their polyps were not removed,
leaving their adenoma recurrence status unclear. The study
pathologist reviewed 2760 of 2874 polyps in placebo subjects
and 2136 of 2240 for the rofecoxib group.

Table 2. Follow-Up Evaluation of Subjects

Rofecoxib
(N =1277)

Placebo
(N = 1293)

No. (%) of subjects

No follow-up examination 742 (5.7) 1152(9.0)
Year-1 colonoscopy only 108 (8.4) 113 (8.9)
Year-3 colonoscopy only 6(1.2) 26 (2.0)
Years 1 and 3 colonoscopy 1094 (84.6) 1019 (79.8)
Interim colonoscopy? 2(7.1) 89 (7.0)
Year-4 colonoscopy 644 (49.8) 561 (43.9)
Discontinued study treatment 316 (24.4) 401 (31.4)
Percentage taking study agents
=75% of days®
Year 1 91.6 86.9
Year 2 92.5 91.7
Year 3 93.9 93.1
Percentage taking NSAIDs >52
days
Year 1 3.9 3.8
Year 2 7.3 9.1
Year 3 9.4 11.6

20ne additional patient in the placebo group and 4 in the rofecoxib
group who had a follow-up colonoscopy could not be included in the
efficacy analysis because all their polyps were either not removed or
were lost after removal from the mucosa.

bNumber of patients who had 1 or more follow-up colonoscopies in
addition to the year-1 and/or year-3 procedures.

°Among subjects remaining on study treatment.

During the 3-year treatment period, 646 of 1218 examined
placebo subjects had 1 or more adenomas, as did 460 of 1158
randomized to rofecoxib (RR, 0.76; 95% CI, 0.69-0.83, P <
.001) (Table 3). During year 1, the RR was 0.65 (95% CI,
0.57-0.73); during years 2 and 3 it was 0.81 (95% CI, 0.71-0.93;
P for difference = .001). Findings for higher-risk subjects were
almost identical (Table 3).

After randomization, 1 or more advanced adenomas was
detected in 213 subjects in the placebo group and 141 in the
rofecoxib group (RR, 70; 95% CI, 0.58 to 0.86; P < .001) (Table
3). As for all adenomas, the risk reduction seemed stronger in
the first year. Colorectal cancer was diagnosed in 6 rofecoxib
and 11 placebo patients (RR, 0.60; 95% CI, 0.21-1.61). The risk
of hyperplastic polyps was essentially identical in the 2 treat-
ment groups in all study intervals (Table 3).

The reduced risk of adenomas with rofecoxib was similar in
the right colon (RR, 0.66; 95% CI, 0.59-0.75) and the left
colon/rectum (RR, 0.82; 95% CI, 0.71-0.94), in men (RR, 0.72;
95% CI, 0.65-0.80) and women (RR, 0.84; 95% CI, 0.71-0.98),
and in low-dose aspirin users (RR, 0.68; 95% CI, 0.55-0.84) and
nonusers (RR, 0.77; 95% CI, 0.70-0.85). However, there was a
suggestion that the chemopreventive effect of the drug may be
less pronounced among subjects who had advanced adenomas
at baseline (RR, 0.83; 95% CI, 0.73-0.95) than in those without
(RR, 0.70; 95% CI, 0.62-0.79; unadjusted P for interaction =
.05).

As reported previously, during the treatment period the
rofecoxib group experienced increased risks of thrombotic car-
diovascular events'® (RR, 1.89; 95% CI, 1.18-3.04) and of upper
gastrointestinal perforation, obstruction, symptomatic ulcer, or
bleeding!” (RR, 4.91; 95% CI, 1.98-14.5) (Table 4). More gener-
ally, a higher proportion of rofecoxib patients had serious
adverse events (27.5%) than did placebo patients (22.2%; P <
.002). This excess was largely owing to the cardiovascular dis-
orders previously described,!¢ but significantly more rofecoxib
than placebo patients reported various serious adverse events
categorized as metabolism and nutrition disorders, renal and
urinary disorders, and musculoskeletal and connective tissue
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Table 3. Colorectal Polyp Occurrence After Randomization, by Treatment Group

Higher-risk subjects? All randomized subjects

Placebo Rofecoxib Placebo Rofecoxib

N with adenomas/ N with adenomas/ N with adenomas/ N with adenomas/

colonoscopy Risk® colonoscopy Riske Risk ratio? P colonoscopy Riske colonoscopy Risk¢ Risk ratio P

All adenomas
Years 1-3 523/954 56.5 383/929 42.8 0.76(.69-.83) <.001 646/1218 54.6 460/1158 41.3 0.76(.69-.83) <.001
Year 1 382/940 40.6 237,/908 26.1 0.64(.56-.73) <.001 471/1202 39.2 287,/1132 25.4 0.65(.57-.73) <.001
Years 2 and 3 298/869 34.3 235/843 27.9 0.81(.70-.93) .004 363/1110 32.7 278/1045 26.6 0.81(.71-.93) .002
Advanced

adenomas
Years 1-3 176/954 19.0 122/929 13.7 0.72(.58-.89) .002 213/1218 18.0 141/1158 12.7 0.70(.58-.86) <.001
Year 1 127/940 13.5 71/908 7.8 0.58(.44-.76) <.001 152/1202 12.7 86/1132 7.6 0.60(.47-.77) <.001
Years 2 and 3 68/869 7.8 57,843 6.8 0.86(.61-1.21) .38 82/1100 7.4 62/1045 5.9 0.80(.58-1.10) .17
Hyperplastic polyps
Years 1-3 330/954 35.7 310/929 34.3 0.96(.85-1.09) .52 412/1218 34.9 385/1158 34.2 0.98(.87-1.10) 71
Year 1 214/940 22.8 220/908 24.2 1.06 (.90-1.25) .46 266,/1202 22.1 269/1132 23.8 1.07(.92-1.25) .35
Years 2 and 3 191/869 22.0 172/843 20.4 0.93(.77-1.11) 42 238/1110 21.4 216/1045 20.6 0.96(.82-1.13) .65

NOTE. Pvalues for differences between year 1 and years 2-3 risks are as follows: all subjects: all adenomas, .001; advanced adenomas, .02; higher-risk subjects: all adenomas, .001; advanced
adenomas, .009.
At least 1 of the following: an adenoma 1 cm or greater in estimated diameter, an adenoma with villous or tubulovillous histology, 2 or more adenomas, age younger than 55 years at the first

diagnosis of colorectal adenoma, or reported first-degree family history of colorectal cancer.
bMantel-Haenszel estimates, computed over strata of baseline aspirin use.
°Mantel-Haenszel risks over the indicated time period.

disorders (supplementary material online at www.gastrojournal.
org). Over the anticipated 3-year treatment period (as noted
previously, 3 years and 3 months in duration), there were 24
deaths in the rofecoxib group and 18 among placebo subjects
(RR, 1.35; 95% CI, 0.73-2.49).

Of the 2157 subjects who had year-3 colonoscopies 820 or
more days after randomization, 1547 agreed to enter the
colonoscopy extension and 1205 actually had a year-4 exami-
nation (Table 2). The risk ratio for all adenomas at that exam-
ination was 1.21 (95% CI, 1.01-1.45, P = .04). For advanced
adenomas, it was .99 (95% CI, 0.59-1.66). Among subjects
without a previous postrandomization adenoma, these risk
ratios were 1.36 (95% CI, 1.01-1.85) and 1.63 (95% CI, 0.64-
4.14), respectively. Compared with those who did not have the
year-4 examination, the group that was examined included a
higher proportion of subjects younger than 65 years old (73.6%
vs 67.2%; P = .02), men (65.4% vs 59.6%; P = .002), and those at

higher risk of colorectal cancer (80.2% vs 76.8%; P = .035). Of
the subjects who underwent a year-4 examination, 150 had been
unblinded to treatment assignment (87 placebo, 63 rofecoxib).

Discussion

In this large, randomized, double-blind clinical trial, we
found that rofecoxib significantly reduced the 3-year risk of
recurrent adenomas among patients with a recent adenoma
history. Risk reduction for advanced lesions was similar to that
for all adenomas. There was a suggestion that subjects present-
ing with advanced adenomas may experience less benefit in
terms of relative risk than those with small tubular adenomas
only. The chemopreventive effect did not appear to differ ac-
cording to characteristics or habits of the subjects, including
use of low-dose aspirin. In the year after cessation of treatment,
rofecoxib subjects experienced a slightly increased risk of any

Table 4. Numbers of Patients Experiencing Important Medical Events After Randomization

Placebo (N = 1300)

Rofecoxib (N = 1287)

No. of subjects (%) Risk ratio P

Deathsab 2(0.92) 12 (0.93) 1.14 (0.50-2.60) .75
Hospitalization 236 (18.2) 285 (22.14) 1.33(1.12-1.59) .001
All cancer 1(5.5) 74 (5.8) 1.13(0.81-1.56) A7

Colorectal cancer 1 (0.85) 6 (0.47) .60 (0.22-1.61) .31
Serious adverse event’ 288 (22.2) 354 (27.5) 1.37 (1.18-1.60) <.001

Thrombotic cardiovascular events? 7(12.1) 47 (3.7) 1.89 (1.18-3.04) .008

Upper gastrointestinal symptomatic ulcers, 6 (0.46) 27 (2.1) 4.91 (1.98-14.5) <.001

perforations, obstructions, or bleeding

NOTE. Within 14 days of end of study treatment.

aDeaths associated with an adverse event that began within 14 days of end of study treatment.

bAfter prior publication,6 4 additional deaths were reported (2 rofecoxib, 2 placebo).

cCancer, death, congenital anomaly/birth defect, hospitalization or prolongation of a hospitalization, drug overdose, or other event that was
life-threatening or that led to persistent or significant disability/incapacity.

dAfter prior publication,® 2 additional events were reported (1 rofecoxib, 1 placebo).
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adenoma, but not of advanced adenoma. Patients treated with
rofecoxib experienced more serious adverse events, including
increased risks of thrombotic cardiovascular events and serious
upper gastrointestinal events.

Extensive observational data strongly suggest that persis-
tent use of nonselective NSAIDs reduces the risk of colorec-
tal cancer and adenomas. Randomized trials of aspirin
among patients with previous adenomas” or colorectal can-
cer® also show a reduction in adenoma risk. In familial
adenomatous polyposis, the nonselective NSAID sulindac
caused the regression of existing adenomas,'? as striking as
a 70% reduction in 1 study.!® Similar, although less marked,
findings have been reported for rofecoxib and another COX-
2-selective NSAID, celecoxib.5-¢

The protective effect of rofecoxib was seen in nearly all
subgroups of patients, indicating a broad chemopreventive im-
pact. Because interactions with many factors were assessed, it is
possible that the smaller reduction in risk we observed among
subjects with advanced adenomas at baseline was a chance
finding. Alternatively, an advanced lesion may signal a mucosa
particularly prone to carcinogenesis (and resistant to chemo-
prevention), or rofecoxib may have stronger effects on earlier
stages of carcinogenesis. It is similarly unclear why rofecoxib
subjects had a slightly higher risk of small tubular adenomas
(but not advanced adenomas) in the posttreatment year. There
is little indication of increased risks of colorectal cancer after
cessation of NSAID use, but this issue seems not to have been
considered for adenomas. Nonetheless, the trend of relative
risks over time periods in our study may indicate that the
chemopreventive effect of rofecoxib may diminish over time.
Unfortunately, interpretation of our data regarding this point is
complicated by the fact that only a minority of randomized
subjects had the off-treatment colonoscopy and some of those
subjects were unblinded.

The mechanisms by which rofecoxib—or other NSAIDs—
reduces risk of colorectal neoplasia are not clear. All NSAIDs
disrupt prostaglandin synthesis by inhibiting cyclooxygen-
ase. COX-2 in particular has been implicated in colorectal
carcinogenesis, %1 a hypothesis supported by our findings.
However, mechanisms unrelated to COX-2 also may play a
role.?° Indeed, the fact that 81 mg of aspirin daily reduces
adenoma risk suggests that COX-2 inhibition may not be
required for NSAID chemoprevention because aspirin is rel-
atively selective for COX-1.2!

Our large trial recruited subjects from numerous countries
across the world, suggesting that our results are generalizable.
However, the trial had limitations. Small polyps may be missed
on colonoscopy,?223 and overlooked adenomas could have been
observed in follow-up evaluation as incident lesions. If these
occurred equally in the 2 treatment arms, they would have
conservatively biased our effect estimates. However, rofecoxib
could cause these polyps to regress, as sulindac, rofecoxib, and
celecoxib do in familial adenomatous polyposis.!256:18 Such
regression could have been part of the effect we observed, and
could be a partial explanation for the apparently stronger ef-
fects at year 1 than during later follow-up evaluation. Also, our
study included only patients with a history of colorectal neo-
plasia, and it is possible that subjects without such a history
would have a different response to rofecoxib.

Our findings clearly indicate that rofecoxib reduces the
3-year risk of colorectal adenomas among patients with an
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adenoma history. Similar findings have been reported for cele-
coxib.242% Given the toxicity associated with the use of rofe-
coxib, it is unlikely to be attractive for chemoprevention, but it
is tempting to conclude that sustained use of other NSAIDs
would permit increased surveillance intervals (in the expecta-
tion of reduced risks of colorectal cancer) and reduce risks from
polypectomy. However, even proven efficacy of these drugs
would not automatically justify their wide use for chemopre-
vention. The cardiovascular effects of nonaspirin NSAIDs are
not well understood,?® and serious gastrointestinal toxicities
may be an issue. Potential toxicities of NSAIDs will need to be
weighed against their benefits in the context of the risk reduc-
tion already provided by periodic surveillance colonoscopy and
polypectomy.27:28
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Supplementary data associated with this article can be
found, in the online version, at doi:10.1053/j.gastro.
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