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ABSTRACT

Patients with familial adenomatous
polyposis have a nearly 100 percent risk of colorectal
cancer. In this disease, the chemopreventive effects
of nonsteroidal antiinflammatory drugs may be re-
lated to their inhibition of cyclooxygenase-2.

Methods We studied the effect of celecoxib, a sa-
lective cyclooxygenase-2 inhibitor, on colorectal pol-
yps in patients with familial adencomatous polyposis.
In & double-blind, placebo-controlled study, we ran-
domly assigned 77 patients to treatment with cele-
coxib {100 or 400 mg twice daily) or placebo for six
mnths. Patients underwent endoscopy at the begin-
ning and end of the study. We determined the num-
ber and size of polyps from photographs and video-
tapes; the response to treatment was expressed as
the mean percent change from base line.

Results At base line, the mean [=5SD) number of
polyps in focal areas where polyps were counted was
1662134 in the 15 patients assigned to placebo,
11.6x8.6 in the 32 patients assigned to 100 mg of cale-
coxib twice a day, and 12282 in the 30 patients as-
signed to 400 mg of celecoxib twice a day (P=-0.66
for the comparison among groups). After six months,
the patients recaiving 400 mg of celecoxib twice a day
had a 28.0 percent reduction in the mean number of
colorectal polyps {P=0.003 for the comparison with
placebo) and a 30.7 percent reduction in the polyp
burden (the sum of polyp diameters) (P=0.001], as
compared with reductions of 4.6 and 4.9 percent, re-
spectively, in the placebo group. The improvement
in the extent of colorectal polyposis in the group re-
caiving 400 mg twice a day was confirmed by a pan-
el of endoscopists who reviewed the videotapes. The
reductions in the group receiving 100 mg of celecoxib
twice & day wera 11.9 percent (P=-0233 for the com-
parison with placebo} and 14.6 percent (P=0.04), re-
spactively. The incidence of adverse eavenis was sim-
ilar among the groups.

Conclusions  |n patients with familial adenomatous
polyposis, six months of twice-daily treatment with
400 mg of celecoxib, a cyclooxygenase-2 inhibitor,
leads to a significant reduction in the number of co-
lorectal polyps. (N Engl J Med 2000;342:1946-62.)
©2000, Massachusctts Medical Socicty.
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UMAN colon cancer develops in a step-

wise fashion from normal mucosa to ad-

enomatous polyps to carcinoma. Mura-

tion in the adenomatous polyposis coli
[ APC) gene commonly occurs early in the develop-
ment of sporadic adenomas.! Panients with familial
adenomatous polyposis have an inhented germ-line
APC mutation? thatr resulis in hundreds of adenom-
atous polyps and a nearly 100 percent nsk of colon
cancer. Management inclodes prophylactic procto-
colectomy, or colectomy followed by sigmoidoscop-
ic surveillance and recral polypectomy. Because the
adenoma-to-carcinoma sequence m famihal adenom-
atous polyposis resembles sporadic colon caronopgen-
esis,! studies of familial adenomatous polyposis may
contribute to the prevennon of sporadic adenomas
and colon cancer.

Monsteroidal antinflaimmarory drugs (INSAIDs)
reduce the incdence of carcinogen-indoced codon -
maors in rodenes. 34 NSAIDs are associated with a re-
duced incidence of and mortality from sporadic ad-
enoma and colon cancer in epidemiologic studies 5 #
In early clinical studies®™ and small, randomized, pla-
cebo-controlled tmals, 113 sulindac caused the regres-
sion of colorectal adenomas in panents with familial
adenomatous polyposis. However, the gastrointesi-
nal toxcity associated with convennonal NSAIDs may
limit their long-term use for cancer prevention.

MSAIDs are inhibitors of the cyclooxypenase
enzyme family, which caralyzes the metabolism of
arachidonic acd to prostaglandins, prostacyching and
thromboxanes. The cydooxypenase-1 soform is con-
sttutively expressed in most rissues, where it medi-
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ates physiologic funcnons such as gastmc mucosal cy-
toprotection and regulation of plateler aggregation.
Its inhibirion may account for many of the common
side effects of N:.EMIJ'L, including, gasimc ulcerarion
and gastrointestinal hemorrhage 15 The cyclooxy-

genase-2 soform is iInduced 1n response o cytokines
and growth facrors and is expressed in inflammarory
disease, premalignant lesions (such as colorectal :nl:-[)-l
enomas), and colon cancer.'s '8 [is inhibition has not
been associated with gastric ulceration 51721 How-

ever, the long-term effects of selective cyclooxygen-
ase-2 inhibitors as compared with those of tradinon-

al NSAIDs remain to be determined.?? Expenmental
evidence supports the concept that the chemopreven-
nve effecrs of NSAIDs may be doe ar keast in part to
inhibinon of cyclooxygenase-2.13.24 Hence, selecrive
inhibition of cyclooxypenase-2 offers a poteniial phar-
macologic strategy for the prevention of colorectal ad-
ENOmas.

To determine whether inhibition of cyclooxygen-
ase-2 could reduce the extent of polyposis in patients
with familial adenomatous polyposis, we studied the
effect of celecoxib, an agent 1'|1;:I1.' selectively inhibirs

cycloorypenase-2.21
METHODS

Patients

Paricmis with familial adenomanoas polyposis who were 1B o
5 years of age, wha had new had their entire codorecium remaosed,
amd whe had five or more polyps 2 mm or more in diameeer tha
coald be asseseed endosoopically, were ehigible. Exclusion crineria
incheded a hisiory of coloccromy wathin the previoas 12 months
or codectomy amidpaied within 8 momhs afier randomizanon; e
of MEATDE or aspirin three or more 1imes a wock within & months
of randomazanion or one or rwo ames 2 woock withan 3 monehs of
randomizagion; or abnormal resuhs of seram laboramry iess | oom
ploie blood coume and lver-funcrion and renal-fundaion roas).

The smady wax approved by the inmiturional review board off
the Universny of lexas M. Anderson Cancer Center amd the ech
ics comminiee of 5. Marks 1 lospiad, London. Written informed
consent was obrained from all paricos.

Study Design

The siudy was randomized,, double-blanded, and placcho-con
trodled. Ir was conducied berween Docomber 198046 and Diocem
bor 1998 2 the M_I). Andeorson Cancer Ceneer in Howston and
Se. Mark’s Hospil in London. COne hundred cigha pasienis who
wore cligible for screenang, underwent endoscopy; 29 had insaffi
oent polyps for indusion in the sudy, and 2 required colecyonyy for
aidvanced discase {2 rearal cancer and a large sessile adenoma). Ac
cording v the proanood, 75 panienes were ininially randomly assigned
in a Z:2:1 razio 1o recove celecomb { Celebrex, (.10 Secarle, Skokie,
I}, cither 1M mg rwice daily or 400 mg rwioe daily, or an iden
tical-appeaning phcebo orally for sx months. The placebho con
taincd 250 mg of laoose. Two addmional panicms weore asdgned
10 the group receiving 1M mg of ccdeooxib twice daaly afier two
paticms were withdrawn becapse of nonocompliance. The snady
drug and marching placcho were prowided by (G.I Scarle.

The six-monmth duraiion of the sdy and the end poine of ad
cnowna regression were bascd on previoas mials of sulindac thar dem
onsrascd an effea on polyp regresson within six monhs of rea
mem.? 13 A dhimical vnial aimed a0 the prevention of carcnoma, on
the ocher hand, would require many years of siudy and therefore

was non comsidered feasible for the imiral resing of the efcacy of
a dirug,. [oaharions ar base ne and moath & induded a hisoory
taking, phy=ical cxaminagion, and endoscopy, with biopsics of the
imact or resadual coloreciam, siomach, and duodenum. Tesing, for
AP gene muianions was performed a base line ™

Compliance was mondrored by means of pill counes and review
of diarics comploied by the pmicms. Safery was monivoned with a
comprechensive sypiom quesionnaire adminisscred by telephaone
a1 two-to-four-weck imorvals thar elidied informarion on adversc
ovems and by climcal hiboravory evalumsons s base ine amd & onc,
three, amd 9x months. Adverse evenes were graded in acoondance
with the Marional Cancer Insziaie Common Toxicity Criveria 2

Endoscopy
fu the base-lime endoscopy, an India-ink @moo was placed in the
rocaum, colon, or both near a small area winh a high densny of pold

yps The basc-line and six-month endosoopic cxaminanons were
vidomaaped, and a series of phoeographs was taben wirh the oo,
appendix, or iloocecal valve posiioned cenerally and peripherally.
The=e phowsgraphs were used for quaneinarive measaremems. of
the number and g@=e of polyps. Polyps for biopsy were aken from
arcas that were pn phawographed for scoring.

Enumeeration and Measurement of Polyps

Tor asceraan thar the ame arca was soored ar base line and @
month &, polyps were couneed in pairs of photographs. One in
vestigaor, other than the endosoopis, who did non knosw the imean
mcnit, performed the sconng. Yidomapes were used o resolve am
bigniries and confirm polyp coums. The diameer of a polyp was
mcasured with the aid of a slandardized endosoopac ruler or biopsy
forceps included in the phowographac ficld 1o serve as a scale. B
cange in paricms with famiklial adenomaroas polyposis the colon
is mdded with microscopic and poorly visible lesions, only distina
pidyps ar least 2 mm in diamever were counied.

A qualicane off the towal exeene of codorecial poly
peosis was comduceed by cadch of five endoscopiss expenicnond in the
managemem of familial adenomaroas polyposis (rwo from cach
of the smdy ceners and one from a nonparidpaing polyposis con
ter) during joim videowape-review seeaons. The first of cach pair
of videos {obtained @ base line and moneh &) was soored as the
same 3=, bener than, or worse than the second, withoar the endos

oopisis’ being aware of the iemporal sequence or icaiment groap.
A soore of “borer™ or “worse™ indicaied than there was a dear dif
feremce in the imal exvent of polyp insohemene. To avoid baas, vid
cotapes of three colorecal regions (cecum and ascending codon;
transverse, descending, and sgmaoid oobon; and recaum ) were as
sessed separascly withour the endoscopisis” being aware of wheth
cr the scgmems came from the ame parien:.

Statistical Analysis

Al 77 randomly assigned passones were incloded in the ineen
tion-tor-rear anahysis of mxicity and polyp number, s=e, and bur
den. Analysis of the endoscopic videmape asscsmenis was por
formed in the parienis for whom the requisiie videotapes were
available.

The quamitainee responst vanables were the perceme change
from base line in polyp numbser and polyp burden, defined a= the
sum of the polyp diameaers. The peroene change in cach paricm
was caloubaeed on the basis of the phonographes a0 the e, appen
dix, and ileoscecal valve, and the mean change was then caloulared
for cach sady group. Efficacy was ovaluaned by comparing the mean
porcemt change from basc line in cach meaimenr groap with tha
in the placeho group by the Wilcoxon rank-sum 1es.

Wherher trcarmem affecied the polyp conm @ six monehs was
also analyzed in 2 mubavaraee lincar regresdon modd wih adjus
mcnt for basc-line oowanaees. “Two vanables indicaning, the e
mcnt | 1} or 404 mg rwice a day) were induded in the model, and
the oiher base-line cosaniaies were the nmmber of polyps, sex, agc,
study sise, and surgical starus (whether the pariem had previoudy
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undergone coleciomy). We cmployed a bogarithmic iransforma
nion of both the base-line and the final polyp-count values 1o clim

imaer the skewness in thar disrribarion.

In the qualniarive asscssmens of response, based on review of the
cnddosoopic videotapes, cach scgmem was assigned a score of 1 for
benier, b for same, or — 1 for worse, and the mean of the five phy
sicians’ soorncs for cach rreammem group was comparcd with thar
for the placcho group with wse of the 'Wilooxon rank-sam iese. The
response of cach videmaped colorecial scgmens (cocam and ascond
ing codon; rransverse, descending, and sigmoid codon; and recoum)
was analyzed scparascly. In additson, the response of the poaal oo
loreomm, defined fiwr cach paricmt as the mean soore for all oolo
recial egmems assessed, was analyzed.

Adverse evemex, indhuding those with an omscr within 30 day=
afier the end of rreanmen, were aoded according 1o Waorkd [ lcalih
Crganizarion Adverse Beaoion “lerminology and graded for sover
iry with the National Cancer Inmizaie Common “Toxiary Critena, %
Climical labowarory dara were compared berween mearmem groups
by onc-way analysis of vamance applicd 10 the dhange from basc
ling 1o montch 1, mongh 2, moneh 6, or carly terminagion.

The Kruskal -Wallis 1e2 was used w0 comparne base-line conrino
s variables among the three treamene groaps, and the cha-square
te=i or Fishor's cxact tem was used o examine assocanions be

twoen nominal vanables. All ress wore two-sided, and a P valuc
of less than 0.05 was consdered 1o indicaie siarisiical signafi
cance. ™ Mo intcrim analyses were performed.

EESULTS
Patients

Seventy-seven panents were enrolled: 36 ar the
M.D. Anderson Cancer Center and 41 ar 5t. Mark’s

Hospital. The treatment groups were similar with re-
gard to race or ethnic group, sex ratio, surgical sta-

tus, and number of pol but they differed in age:
the groop assigned o 40 mg of celecoxib rwice a

day was younger {33.1 years) than the gmup assigned
o 100 mg of celecoxib twice a d years) and
the me:tE{: group {399 years) H le 1} Su.r_l,r-m:t
panents had an identified APC mutation, and two

additional patients had relatives with known APC

mutations. Seventy-two of the 77 panents completed
the treatment. More than 90 percent of the panents

who completed the study ook at keast 80 percent of

the study drug. At base line, the placebo group had
a mean (X5D) of 15,5+ 134— polyps, the group as-
signed o 100 mg of celecoxib mwice a had a mean
of 11.5x8.5 polyps, and the group assigned to 400
mg of celecoxib rwice a day had a mean of 12.3+8.2

polyps in the focal areas where polyps were counted
[ P=0.66 for the companson among, groups).

Response to Treatment

Trearment with 400 mg of celecoxib rwice daily
for six months was associared with a significant reduc-
tion from base line 1n the number of colorectal pol-
yps as compared with the placebo group (28.0 'Fh:!'l.'.-ltl'l.t
vs. 4.0 percent, P=0.003) (Tablke 2 and Fig. 1).
group receiving, 100 mg of celecoxib twice daily
a reduction of 11.9 percent as compared wn'h 4 5
percent in the placebo group I{%P='ﬂ.33:|- Mulnvanate
linear n.-.E,n:-gsmn analysis con

celecomb twice dally reduced the number of colo-
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rmed thar 400 mg of

TamE 1. Bask LINE CHARAUTERISTICS OF THE PATIENTS
WITH FAMILIAL ADEROMATOUS POLYROSIS.

100 meg oF 400 mg oF
Crasroom: CELEDONR
Praocmo Tece Dany T Daay F

CHARACTRRSTIC (8= 15] =33 N =0} Vs
Ape T WO (13 3Rer 100 3T10109 0041
Sex  ma. (%) 0843

Male 9 (&l 17 {53 &

Femaie & :‘_m; 15 :‘_ﬁ; 12 ﬁg}}
Race or ethmic growp 0.87g

no. |
1 {3} L(3)

Whne 15 {100 991 16 (B

Hispanic n" :' zﬁ;’ 3%]%
Heigln  cm IFLS 77 1e99:97 leBlrlls 074t
Weight kg Tasirled T44:127 FLI'154 039
Surgacal mames 0.45%

no. {%)

Inacy colon L {33} B () 12 (4

Coleciomy 10 {&7) 4 {75) 1% j6l)
Ma. ol palyps IS5+ 134 11585 123'E2 066t
Polyp size mm 29:05 19:07 19106 De3t
Polypburden mmy 447:365  34B:281 3760 M4 0t

*Plus minus valwes are means S0

1The F value was cakulased by the Enmskal Waillis 10,

$The F walue was cakculased by the chi square sem.

§1The P value was cakculased by Fisher’s exao vesi.

1 The polyp burden was ciculaed as the sum ol the polyp diameiers.

recial polyps (I'=0.005 ) after adjustment for age, sex,
surgical status (colectomy vs. intact colon), number
of polyps ar base line, and invesngarional instimtion.
A reduction of 15 percent or more in the mean
number of colorectal polyps was seen in 53 percent
of the patients in the group receving 400 mg of
celecoxib twice daily (P=0.003 for the Enm]:mnr.nn
with placebo), 31 percent of the parients in the group
receiving 100 mg of celecoxib twice daily (P=0.08),
and ¥ percent of patients in the placebo group. In-
tention-to-treat analysis of the specific response of
rectal polyps as disninct from colonic polyps showed

a mean reduction in the number of recral polyps of
225 percent |:]"'—ﬂ 01 for the cumpans:::-n with the
placebo group) in the group receiving 400 mg of
celecoxib twice daily and of 3.4 percent (P=0.52 for
the mm]:mns{:n with the placebo group) in the
group receving 100 mg of celecoxib rwice -|:I.11I].r, as
compared with a mean increase of 3.1 percent in the
placebo groop (Table 2).

Whereas the number of polyps was guantified in

ipnated small areas adjacent to a rartoo or anatom-
ical landmark, the full extent of colorectal polyposis
was assessed gqualitatvely from videotapes of complete
anaromical segments c:t}rh-r colorectum by a panel of
five endoscomsts. The videotapes showed that in the

group recerving 400 my of celecoxib twice daily, sig-
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