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Abstract

Objective: The objective of this review was to systematically review and synthesize evidence regarding benefits of using
nonsteroidal anti-inflammatory drugs (NSAIDs) for the treatment of colorectal cancer (CRC). Data Sources: The data
sources were MEDLINE, PubMed, NEJM, Google Scholar, and Google searches of references from relevant and eligible
trials. Review Methods: We screened abstracts and full-text articles of identified references for eligibility and reviewed
randomized controlled trials, cohort studies, and meta-analysis for evidence on benefits of using NSAIDs in CRC treatments.
For all extracted data, completeness and relevance were checked. Results: The risk of any adenoma among frequent NSAID
users was 26.8% vs 39.9% among placebo subjects who later used NSAIDs sporadically (adjusted relative risk = 0.62, 95%
confidence interval [CI] = 0.39-0.98; P trend with NSAID use frequency = .03). Long-term use of aspirin reduces the risk of
CRC. Aspirin also reduces the incidence of colon adenomas and mortality, especially when used for > 10 years. Rofecoxib
is associated with the reduction of CRC; however, it was associated with cardiovascular risk (with an overall unadjusted
relative risk of 1.50 [95% Cl = 0.76-2.94; P = .24]). Adenoma Prevention with Celecoxib trial shows that, for patients of
all genotypes, the estimated cumulative incidence of one or more adenomas by year 3 was 59.8% for those randomized to
placebo as compared with 43.3% for those randomized to low-dose (200 mg, twice daily) celecoxib (relative risk [RR] =
0.68; 95% CI = 0.59-0.79; P < .001) and 36.8% for those randomized to high-dose (400 mg, twice daily) celecoxib and 60.7%
in placebo group (RR = 0.54; 95% CI = 0.46-0.64; P < .001). Conclusions: The use of COX-2 inhibitors both prior to and
after diagnosis of CRC seemed to be mildly associated with the reduction in mortality of patients with CRC. Some literatures
state that COX-2 inhibitors might play a synergistic role in adjuvant chemotherapy of FOLFOX regimen. Celecoxib was
found to increase the radiosensitization of colon cancer cells.
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Introduction diagnosed in the United States. Although the numbers for
colon cancer are fairly equal in men (47 700) and women (47

Cancer is a disease characterized by the unchecked division 820), a larger number of men (23 720) than women (16 190)
. 1 s
and survival of abnormal cells.” Colorectal cancer (CRC) will be diagnosed with rectal cancer. An estimated 27 150

r.efers to a slowly dev.elopm.g cancer that begins as a tum(z)r or L enand 23 110 women will die from CRC in 2017}
tissue growth on the inner lining of the rectum or colon.

Colorectal cancer ranks third, only behind prostate cancer
and lung cancer, for new cases in men (8% of all new cancer
cases), and behind breast cancer and lung cancer for new
cases in women (8% of all new cancer cases).”” Incidence
and mortality rates have been declining for several decades
because of historical changes in risk factors (eg, decreased
smoking and red meat consumption and increased use of
aspirin), the introduction and dissemination of screening
tests, and improvements in treatment (mortality) in highly
developed countries,”* whereas incidence and mortality rates
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Despite increased awareness in the general population
regarding CRC, it still remains a major cause of mortality
and morbidity worldwide.® Even though CRC is very well
studied along with established diagnostic markers, most of
CRC cancers present at late stages of disease and therefore
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have a poor prognosis.” In addition, recurrence and metas-
tasis of CRC also carry a very high mortality rate. Therefore,
there is a need for improvement in the diagnosis of CRC as
well as identification of newer therapeutic targets that can
be specifically drugged to improve the management of
these cancers.®

An important key survival molecule that is currently
being investigated as a molecular marker and a potential
therapeutic target is cyclooxygenase-2 (Cox-2) in various
cancers. The main function of Cox is to synthesize prosta-
glandins (PGs) from arachidonic acid (AA). There are 2 iso-
forms of Cox: Cox-1 that is found to be expressed in normal
cells and Cox-2 that is preferentially expressed in cancer
cells and its expression is enhanced by pro-inflammatory
cytokines and carcinogens.” COX-1 and COX-2 catalyze the
rate-limiting step in the metabolic conversion of AA to PGs.
Prostaglandins are involved in a variety of pathologic pro-
cesses. Specifically, prostaglandin E (PGE2) has been shown
to mediate the pro-inflammatory and tumor-promoting
effects of COX-2 in CRC." Cox-2 has been found to be
overexpressed in a variety of cancers including breast, ovary,
colorectal, thyroid, and lung." COX-2 overexpression is
seen in precancerous and cancerous lesions in the colon and
is associated with decreased colon cancer cell apoptosis and
increased production of angiogenesis-promoting factors.'?
Up to 50% of colorectal adenomas and 85% of sporadic
colon carcinomas have elevated levels of COX-2, and
COX-2 overexpression in CRC is associated with a worse
survival. COX-2 appears to play a role in polyp formation,
and COX-2 inhibition suppresses polyp growth, restores
apoptosis, and decreases expression of proangiogenic fac-
tors. Inhibition of COX-2 also downregulates the phosphati-
dylinositol 3-kinase (PI3K) signaling pathway, which plays
an important role in carcinogenesis and cancer cell resistance
to apoptosis.”” Strong COX-2 expression was associated
with high incidence and recurrence of CRC than weak or
absent COX-2 expression.'*

Aspirin and other nonsteroidal anti-inflammatory drugs
(NSAIDs) have been tested in randomized clinical trials
and have been successful in reducing the risk of CRC.
Unfortunately, by inhibiting COX enzymes, they tend to
inhibit physiologically important PGs that could ultimately
lead to potentially fatal toxicities that exclude their long-
term use for cancer chemoprevention. COX-2 inhibitors
and NSAIDs are associated with an increased risk for car-
diovascular events, gastrointestinal ulcerations, and bleed-
ing. As for aspirin, even though it has a more favorable
cardiovascular profile, hemorrhagic stroke and gastroin-
testinal bleeding are a concern particularly with prolonged
use of the drug.'’

Evidence for the anticancer effects of aspirin has
emerged from in vitro and animal models, epidemiologic
studies, and randomized data, with the most extensive evi-
dence pertaining to CRC. Identifying biomarkers or clini-
cal characteristics which predict benefit from aspirin use

could lead to a more targeted intervention and protect some
individuals from unnecessary treatment and possible side
effects. A number of potential clinical, molecular, and
genetic biomarkers have been evaluated including the fol-
lowing: genes mutated in CRC (PIK3CA and BRAF), mol-
ecules proposed to have a role in the mechanism through
which aspirin exerts its anticancer effects (cyclo-oxygen-
ase [COX] enzymes and human leukocyte antigen (HLA)
class I expression), and key genetic polymorphisms that
may influence the actions of aspirin.

COX inhibitory activity of celecoxib and other NSAIDs
and their promising chemopreventive activity have led
investigators to study COX-independent mechanisms for
the purpose of developing derivatives that lack COX inhib-
itory activity but retain or have improved anticancer
activity.'®

Although there were a lot of studies done, some of them
were associated with side effects that hinder the use and
others were associated with nonsignificant results. A study
that compares aspirin and placebo stated that no differ-
ences between groups in the rate of recurrence (odds ratio
[OR] 0.95; 95% confidence interval [CI] = 0.61-1.48),
adverse effects, or secondary outcomes.'” Extended fol-
low-up of women in the Women’s Health Initiative (WHI)
Dietary Modification (WHI DM) trial did not confirm
combined protective effects of aspirin and low-fat diet on
CRC risk among the postmenopausal women. In one study,
it was found that CRC incidence was not different in the
DM from the comparison group among any type of NSAID
users. None of the interactions with any category of NSAID
use was statistically significant; however, there was most
modest evidence for an interaction (P = .07) with aspirin
use at baseline (hazard ratio [HR] = 0.81, 95% CI = 0.60-
1.11 for users; HR = 1.12, 95% CI = 0.97-1.30 for nonus-
ers). Strength and duration of aspirin use at baseline did
not alter the associations.'® Therefore, it is important to
review many studies to arrive at net effect of the using
NSAIDs in the treatment of CRC.

Methods

Data Source and Search Strategy

A systemic literature search of MEDLINE, PubMed, NEJM,
Google Scholar, and Google for identification of articles
published between August 2006 and June 2017 was per-
formed. We applied the same search strategy to the all data-
bases using the appropriate controlled vocabulary with
restriction on language (using only English language) and
without restriction on publication status (published, in press,
or in progress). The reference lists of the identified publica-
tions were reviewed for identification of additional studies. A
total of 94 journal articles were downloaded of which 40
were excluded due to nonrelevance and a year of publication
before 10 years.
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Table I. Hazard Ratios for CRC Mortality and Baseline NSAID Use."”

Any NSAID Aspirin Non-aspirin NSAID
Total/ Total/ Total/
Categories events HR  95% Cl  Categories  events HR  95% ClI Categories events HR  95% ClI
Duration of use in years
None | Reference None | Reference None | Reference
<ly 12 605/43 1.12 0.80-1.56 <ly 5163/16 092 0.54-1.57 <6 mo 5250/19 1.37 0.86-2.17
lto3y 15757/57 1.06 0.78-1.44 lto3y 8738/39 1.27 0.89-1.8I 0.5t02 5811/19 1.0l 0.61-1.67
3toby 13 834/34 082 0.57-1.17 3to9%y 9760/27 0.87 0.58-1.29 2to5 7198/16 0.78 0.47-1.31
6+y 14 847/39 0.75 0.52-1.08 9+y 7944/19 0.59 0.34-1.00 5+y 7179/18 0.89 0.55-1.45
Ptrend = .12
Strength in milligrams
None None | Reference None
<200 mg 10 466/31 0.84 0.56-1.25 <8l mg 421/1 — — <200 mg 3296/6 0.64 0.29-1.44
200-3249 mg 13719/50 1.29 0.95-1.75 81 mg 6563/23 097 0.62-1.53 200 mg 10 070/37 1.34 0.95-1.90
325 mg 20 180/66 095 0.71-1.26 325mg 20 173/66 0.96 0.72-1.26 201-500 mg 7691/18 0.80 0.49-1.31
>325mg 12 678/26 0.61 0.39-094 >325mg 3134/6 052 0.22-1.27 >500 mg 438/11 0.78 0.40-1.51
P trend = .20

Note. CRC = colorectal cancer; NSAID = nonsteroidal anti-inflammatory drugs; HR = hazard ratio; Cl = confidence interval.

Selection Criteria

Eligible studies had to meet the following inclusion criteria:
(1) they are any type of observational study (case-control
study, nested case-control study, randomized clinical trial,
meta-analysis, and cohort study) investigating the effect of
COX-2 inhibitors/NSAIDs administration on mortality, over-
all survival, and recurrence in patients with CRC; (2) those
that reported the relative risk (RR), OR, or HR and its 95% CI
for the association between COX-2 inhibitors/NSAIDs admin-
istration on mortality or recurrence in patients with CRC; and
(3) if more than one article reported data from the same popu-
lation, the most recent and complete articles were preferred.

Data Extraction and Quality Assessment

For each eligible study, the following information were
extracted: first author’s surname, publication year, study
region, study design, sampling subjects, sample size propor-
tion of men, age at baseline, duration of follow-up, assess-
ment of exposure and outcome, corresponding adjusted
estimated size (RR, HR, or OR) and 95% CI, and covariates
adjusted in the statistical analysis.

Search Terms

The following terms were used to searching, NSAIDs and
CRC, aspirin and CRC, celecoxib and CRC, aspirin and
CRC mortality, CRC prevention, role of NSAIDs in CRC.

Results and Discussion

Long-term NSAID use is associated with reduced recurrence
and mortality from CRC."* 2! The risk of any adenoma

among frequent NSAID users was 26.8% vs 39.9% among
placebo subjects who later used NSAIDs sporadically
(adjusted RR = 0.62, 95% CI = 0.39-0.98; P trend with
NSAID use frequency = .03).” The study done by Coghill
et al on postmenopausal women showed that women who
reported continued use (both baseline and year 3) experi-
enced a significant reduction in CRC mortality (HR = 0.72;
95% CI = 0.54-0.95) compared with all noncontinuous
users, including women who either initiated use after base-
line or who discontinued their baseline use prior to year 3
(Table 1). Compared with continued NSAID users, women
who consistently reported no NSAID use experienced 45%
higher rates of CRC mortality (HR = 1.45; 95% CI = 1.08-
1.85). Use for >10 years was associated with lower CRC
mortality (HR = 0.64; 95% CI = 0.40-1.01) compared with
no baseline use. Among the baseline NSAID users, each
quartile increase in the duration of use was associated with a
14% reduction in the risk of CRC mortality (HR = 0.86;
95% CI = 0.75-1.00)."” The meta-analysis of 9 studies with
8521 subjects indicated that the RRs of any recurrence of
adenoma in patients receiving NSAIDs compared with the
placebo group were 0.68 (95% CI = 0.63-0.73, P = .001)
for patients with a 1-year follow-up, 0.75 (95% CI = 0.68-
0.83, P = .246) with 3 years, and 1.43 (95% CI = 1.14-
1.79, P = .127) with follow-up of over 3 years. Using
pooled risk ratios, NSAIDs were associated with a signifi-
cant decrease in adenoma recurrence at 1 and 3 years,
although this association was lost beyond 3 years of follow-
up. For secondary prevention of advanced adenomas, the
pooled risk ratios (compared with placebo) were 0.51 (95%
CI = 0.43-0.60, P = .026) after 1 year, 0.61 (95% CI =
0.50-0.76, P = .887) at 3 years, and 1.39 (95% CI = 0.89-
2.16, P = .829) after 3 years.”
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Nonsteroidal anti-inflammatory drugs are found to
decrease postoperative anastomotic leakage. A study that
was conducted on 1495 patients (411 randomized to NSAIDs
and 1081 to placebo) warranted that the frequency of anas-
tomotic leakage was slightly lower in the patients treated
with NSAIDs: 11.4% (47/ 411) compared with 14.4%
(156/1084) of the patients not receiving any NSAID. In the
univariate logistic regression analysis, the OR for anasto-
motic leakage in relation to NSAID treatment was 0.77
(95% CI = 0.53-1.12). In the complete case multivariable
analysis, this relationship was attenuated (OR 0.83; 95% CI
= 0.63-1.05), and even more so after multiple imputation
(OR 0.88; 95% CI = 0.65-1.20), indicating no increased
risk of anastomotic leakage after NSAID treatment. There
was no difference between nonselective and selective
NSAIDs. Risk of leakage was (OR 0.91; 95% CI = 0.62-
1.35) after treatment with nonselective agents and (OR 0.82;
95% CI = 0.63-1.06) for COX-2 selective agent. Ibuprofen
was the most used NSAID, administered to 286 (69.6%) of
patients treated with NSAIDs.”

Aspirin and CRC

Long-term use of aspirin reduces the risk of CRC. Aspirin
also reduces the incidence of colon adenomas and mortality,
especially when used for >10 years."*"**** This finding
was in accordance with the study done by Cao et al. which
suggests that the apparent benefit of aspirin use for gastroin-
testinal tract cancers and CRCs appears with longer duration
(>10 years) of use of 0.5 to 1.5 standard aspirin tablets per
week compared with people using higher dosages.*® A study
done by Ranger also suggests similar finding. It suggests that
allocation to aspirin for 5 years or longer reduced risk of
right-sided cancer by 70% and also reduced risk of rectal
cancer.”’ A study done by Chan, Ogino and Fuchs states that
statistically significant reduction in the number of cases of
COX-2—positive cancer was not evident until aspirin had
been used regularly for more than 10 years (multivariate RR
= 0.59; 95% CI = 0.42-0.82; P for trend <.001)."* Aspirin
has different effects according to the natural history of the
polyp: a good chemopreventive effect observed only after
long-term use (ie, 7-10 years),”**® whereas antitumor effect
observed within short period (at 1 year).***” In the Association
Prevention of Colorectal Cancer and Aspirin (APACC), 272
patients with a history of colorectal adenomas were given
160 or 320 mg aspirin daily or placebo. After a follow-up of
4 years, the incidence of at least one adenoma was seen in
30% in the aspirin group vs 41% in the placebo (P = .08)
(Table 2). Adenomas of >5 mm diameter were seen in 10%
of patients on aspirin compared with 23% of patients in the
placebo group (P = .01).*

A double-blinded randomized placebo-controlled trial
done in Asian patients shows that 63.2% (6/152) patients did
not experience colorectal tumor recurrence in the aspirin
group as compared with 54% (86/159) patients in the

placebo group.”” Individuals who were randomized to 81
mg/d of aspirin treatment were less likely to have a recur-
rence as compared with those randomized to the placebo arm
(P = .017), whereas those who were randomized to 325
mg/d aspirin (P = .86) and folate had no significant effect (P
= .40).”' Factors such as smoking and alcohol consumption
affects the effect of aspirin. Smoking displays strong effect
modification on the main effect of aspirin (P for interaction
= .004); that is, the OR for nonsmokers was 0.37 (95% CI =
0.21-0.68), and this value was significantly different from
the OR for smokers (OR 3.44, 95% CI = 1.12-10.64) after
adjustment for age, sex, and the number of tumors. For alco-
hol consumption, the OR was 0.72 (95% CI = 0.37-1.40)
and 0.44 (95% CI = 0.21-0.95; P = .05) for drinkers and
occasional drinkers, respectively.””' The retrospective
observational study analysis that compares aspirin (100
mg/d) +capecitabine and capecitabine only showed that
improved disease control rate, progression-free survival
(PFS), and overall survival (OS) compared with those receiv-
ing the same treatment but who are not on chronic treatment
with aspirin. The result showed that 12 (60%) partial
responses were seen in patients on treatment with aspirin,
compared with 3 (6%) partial responses in the remaining
patients (P = .00007). Sixteen patients on aspirin (80%)
obtained disease control vs 14 (30%) patients who were not
on aspirin (P = .000377). Median PFS for patients receiving
treatment with aspirin was 6.5 months vs 3.3 months for
patients who were not on aspirin (HR = 0.48, 95% CI =
0.30-0.79, P = .0042). A significantly improved OS was also
evident in aspirin users (median OS, respectively, 14.7 vs 8.7
months; HR = 0.43, 95% CI = 0.26-0.72, P = .0023). No
significant differences were observed between aspirin users
and patients in the control group in terms of toxicity.”
Among patients with mutated PIK3CA CRCs, regular use of
aspirin after diagnosis was associated with superior CRC-
specific survival (HR = 0.18; 95% CI = 0.06-0.61; P < .001
by the log-rank test) and OS (HR = 0.54; 95% CI = 0.31-
0.94; P = .01 by the log-rank test)."

The study that used data from 2 ongoing prospective stud-
ies: the Nurses’ Health Study (NHS), a cohort study of 121
700 US female nurses aged 30 to 55 years at enrollment in
1976, and the Health Professionals Follow-up Study (HPFS),
a cohort study of 51 529 US male health care professionals
aged 40 to 75 years at enrollment in 1986 which was followed
for 32 years, suggests that compared with nonregular use,
regular aspirin use was associated with a lower risk for over-
all cancer (RR = 0.97; 95% CI = 0.94-0.99), which was pri-
marily owing to a lower incidence of gastrointestinal tract
cancers (RR = 0.85; 95% CI = 0.80-0.91), especially CRC
(RR = 0.81; 95% CI = 0.75-0.88), with similar estimates in
women and men. Regular aspirin use was associated with a
nonsignificant reduced risk for gastro-esophageal cancer (RR
= 0.85; 95% CI = 0.70-1.03). Regular use of aspirin was not
associated with the risk for non-gastrointestinal tract cancers
(RR = 0.99; 95% CI = 0.97-1.02). Specifically, we did not
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Deaths due to cancer OR(95% K1)
Aspirin Control
500-1200 mg daily :
BDAT (500 mg) 59i3429 40/1710 +— 073 (0-49-1-10)
UK-TIA (1200 mg) 114821 16/817 +_ 0.68 (0:31-1:47)
Subtotal 70/4250 56/2527 e 072 (0-50-1-03)
75-300 mg daily .
UK-TIA (300 mg) 881 16/817 — 0-50(0-21-1-17)
TPT (75 mg) 3412545 55/2540 —.— 0-61(0-40-0-94)
SALT (75 mg) 71676 10/684 -—r—|—— 071 (0:27-1.86)
Subtotal 49/4032 81/4041 - 0.60(0-42-0-86)
Total 119/8282 121/5751 < 0-66(0-51-0-85)
r 1 p=0-002 (sig)
0 1 2 p=0-84 (het)

Figure 1. Meta-analysis of effect of aspirin on long-term risk of death due to colorectal cancer in randomized trials of aspirin vs

control. 3
Note. OR = odds ratio; Cl = confidence interval.

observe a significant association between aspirin and breast,
advanced prostate, or lung cancer. The apparent benefit of
aspirin on gastrointestinal tract cancers (including CRC)
appeared to be dose dependent, emerging at 0.5 to 1.5 stan-
dard aspirin tablets per week or the equivalent of a daily dose
of low-dose aspirin, and no departure from linearity was
observed (P < .001 for trend). The estimates were similar
after applying a 6- to 8-year lag. For CRC, specifically com-
pared with no reported aspirin use, the multivariable RRs
were 0.86 (95% CI = 0.76-0.97) for 0.5 to 1.5 standard aspi-
rin tablets per week; 0.84 (95% CI = 0.75-0.93) for 2 to 5
tablets per week; 0.76 (95% CI = 0.68-0.86) for 6 to 14 tab-
lets per week; and 0.61 (95% CI = 0.45-0.81) for at least 15
tablets per week (P < .001 for trend). During the first 5 years
of'use, we did not observe any significant reduction in the risk
for cancer compared with nonregular users. Beyond 5 years,
we observed a progressively greater reduction in the risk for
gastrointestinal tract cancers and CRCs (P < .001 for trend).*

A study that was conducted on women of age 70 and older
indicated that there was an indication of an inverse association
between all metrics of aspirin use and cancer incidence,
although trends were statistically nonsignificant. Compared
with aspirin nonusers, the HRs of incident aspirin-sensitive
cancer for women who reported using aspirin 6+ times per
week, using aspirin for 10+ years, and using a regular to high
dose of aspirin were 0.95 (95% CI = 0.80-1.13), 0.93 (95% CI
= 0.74-1.17), and 0.87 (95% CI = 0.72-1.06), respectively.
Using the combined aspirin usage measures, compared with
nonusers, the HRs of incident aspirin-sensitive cancer for
women who took 60 000 mg of aspirin per year and 280 000
mg of aspirin in their lifetime were 0.87 (95% CI = 0.70-1.09)
and 0.95 (95% CI = 0.75-1.21), respectively. The inverse asso-
ciation was stronger for breast, pancreatic, or ovarian cancer
incidence; results were attenuated for colon cancer incidence.
Results were similar after stratification by history of heart dis-
ease, with no evidence for effect modification (P values ranged

from 0.10 to 0.48 for the various aspirin metrics in the multi-
variable analysis). Using death from any type of cancer as an
end point, results were consistent with HRs trending slightly
lower than those for incident aspirin-sensitive cancers and a
significant inverse association was observed between lifetime
aspirin dose and cancer mortality (95 000 mg vs nonuser HR =
0.76;95% CI = 0.61-0.95).25 A phase III randomized, parallel,
2 X 2 factorial design trial of celecoxib (active vs placebo)
crossed with a selenium supplement (active vs placebo) for
prevention of metachronous (recurrent) colorectal adenomas
done in Arizona, Colorado, Texas, and New York showed ade-
noma recurrence rate of 49%, a marginal OR of 0.6 due to sele-
nium (a 25% reduction in the recurrence rate), and a marginal
OR for low-dose aspirin of 0.8 (a 10% reduction in the recur-
rence rate), and an interaction OR of 0.5 or less (a combined
33% reduction in the adenoma recurrence rate from selenium
+ low-dose aspirin).”! Meta-analysis of the effect of allocation
to aspirin vs control on long-term risk of death due to CRC
showed reductions in mortality on 75 mg daily, 300 mg daily,
and 500 to 1200 mg daily (Figure 1). The reduction in risk of
CRC in the aspirin vs control groups increased with scheduled
treatment duration (P = .04 for mortality; P = .05 for inci-
dence), In a pooled analysis of the 4 trials of aspirin vs control,
aspirin at any dose, with a mean duration of scheduled treat-
ment of 5.8 years (range 1.0-8.5), reduced long-term risk of
colon cancer, but not rectal cancer.”

The Prostate, Lung, Colorectal and Ovarian (PLCO)
Cancer Screening Trial, which focused on the serum level
of inflammatory markers and was done on men and women
of age 55 to 74 years, showed that regular aspirin use was
inversely associated with chemokine C-C motif ligand 15
([CCL15] OR 0.5; 95% CI = 0.3-0.8; moderate use vs
nonregular use), soluble vascular endothelial growth factor
receptor 2 ([sVEGFR2] OR 0.7; 95% CI = 0.4-1.0), and
soluble tumor necrosis factor receptor 1 ([sTNFR1] OR
0.6; 95% CI = 0.4-0.9) and positively associated with
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Table 3. Use of Celecoxib and Risk of Adenomas.®®

Variable

Placebo
(N = 679)

Celecoxib 200 mg

twice daily
(N = 685)

Celecoxib 400 mg

twice daily
(N = 671)

Detection of any adenoma
All patients
Year | colonoscopy—no. with adenoma/total no. at risk (%)
Year 3 colonoscopy—no. with adenoma/total no. at risk (%)
Cumulative incidence of adenomas detected through year 3 (%)
Risk ratio (95% ClI)
P value
Patients taking aspirin
Cumulative incidence of adenomas detected through year 3 (%)
Risk ratio (95% ClI)
P value
Patients not taking aspirin
Cumulative incidence of adenomas detected through year 3 (%)
Risk ratio (95% ClI)
P value

271/608 (44.6)

186/613 (30.3)

137/601 (22.8)

83/286 (29.0) 66/357 (18.5) 76/400 (19)
60.7 = 2.1 432+ 2.1 375 + 2.1
— 0.67 (0.59-.77) 0.55 (0.48-0.64)
— <.001 <.00
59.9 + 37 457 +38 382+ 38
— 0.71 (0.57-0.90) 0.55 (0.43-0.72)
— 004 <.001
60.9 = 2.5 42.1 =25 372+ 24

Sensitivity analysis imputing adenoma for patients without an end point determination

Cumulative incidence of adenoma detected through year 3 (%)
Risk ratio (95% ClI)
P value

Analysis of patients who adhered to protocol
Cumulative incidence of adenoma detected through year 3 (%)
Risk ratio (95% ClI)
P value

Detection of advanced adenomas

All patients
Year | colonoscopy—no. with adenoma/total no. at risk (%)
Year 3 colonoscopy—no. with adenoma/total no. at risk (%)
Cumulative incidence of adenomas detected through year 3 (%)
Risk ratio (95% ClI)

P value

0.65 (0.55-0.77)

0.55 (0.46-0.65)

— <.001 <.001
70.1 = 1.8 575+ 1.9 517+ 1.0
— 0.76 (0.69-0.85) 0.66 (0.59-0.73)
— <0.001 <0.001
60.7 = 2.8 388 + 2.8 354 +27
— 0.59 (0.48-0.73) 051 (0.41-0.64)
— <.001 <.001
67/608 (11.0) 26/613 (4.2) 27/601 (2.8)
32/459 (7.0) 18/487 (3.7) 18/503 (3.6)
172+ 1.6 78 = I.I 63 = 1.0
— 0.43 (0.31-0.61) 0.34 (0.24-0.50)
— <.001 <.001

Note. Cl = confidence interval.

interleukin 4 ([IL-4] OR 1.6; 95% CI = 0.9-2.8), CCL13
(OR 1.3;95% CI = 0.8-2.1), and CCL17 (OR 1.1; 95% CI
=0.7-1.9).**

Celecoxib and CRC

Celecoxib therapy was associated with decreased number
of advanced adenomas (Table 3).” Adenoma Prevention
with Celecoxib (APC) trial shows that for patients of all
genotypes, the estimated cumulative incidence of one or
more adenomas by year 3 was 59.8% for those randomized
to placebo as compared with 43.3% for those randomized to
low-dose (200 mg, twice daily) celecoxib (RR = 0.68;95%
CI = 0.59-0.79; P <.001) and 36.8% for those randomized
to high-dose (400 mg, twice daily) celecoxib and 60.7% in
placebo group (RR = 0.54; 95% CI = 0.46-0.64; P <
.001). Atyear 5, among patients who used low-dose aspirin,
there appeared to be a greater risk of recurrent adenoma

among patients who were previously on low-dose celecoxib
(RR = 1.45;95% CI = 0.89-2.34) and high-dose celecoxib
(RR = 1.53; 95% CI = 1.00-2.53).% A randomized clinical
trial that compares celecoxib placebo (CXB + PBO) with
celecoxib and difluoromethylornithine (CXB + DFMO)
showed that total polyp burden was decreased by an aver-
age of 40% (SE 6%) from baseline to 6 months in the CXB
+ DFMO group and decreased by 27% (SE 6%) in the
CXB + PBO group (P = .13).”” According to the study
done by Nadir et al, of the 557 subjects in the placebo group
and the 840 subjects in the celecoxib group, the cumulative
rate of adenomas detected through year 3 was 33.6% in the
celecoxib group and 49.3% in the placebo group (RR =
0.64; 95% CI = 0.56-0.75; P < .001). The cumulative rate
of advanced adenomas detected through year 3 was 5.3% in
the celecoxib group and 10.4% in the placebo group (RR =
0.49; 95% CI = 0.33-0.73; P < .001). Adjudicated serious
cardiovascular events occurred in 2.5% of subjects in the
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celecoxib group and 1.9% of those in the placebo group
(RR = 1.30; 95% CI = 0.65-2.62).*® This result was con-
sistent with the study done by Thompson et al which states
that in the placebo and celecoxib arms of 356 participants
each, adenoma detection was 47.5% and 49.7% (RR =
1.04, 95% CI = 0.90-1.21, P = .58), respectively, after
median periods of 13.6 and 14.2 months on intervention.
Among participants colonoscoped within 12 months of dis-
continuing intervention (n = 244), overall adenoma recur-
rence (RR = 0.69, 95% CI = 0.48-0.98, P = .04) and
recurrence with advanced adenomas (RR = 0.23, 95% CI
= 0.07-0.80, P = .02) were reduced with celecoxib.
Reduction in adenoma recurrence was greatest in partici-
pants with previous advanced adenomas. Celecoxib
increased risk of hypertension in participants with preexist-
ing cardiovascular risk factors compared with placebo (HR
=2.19,95% CI = 1.07-4.50, P = .03).”!

Celecoxib increases the radiosensitization of colon cancer
cells.**' Pretreatment with 5 uM celecoxib for 4 hours fol-
lowed by the irradiation (0-6Gy) and 0.25 uM BI-69A11 for
48 hours significantly augmented the radiation-induced cell
death in both HCT116 (SER0.05 1.81) and SW480 (SER0.05
2.27) cell lines.”” Celecoxib enhanced the radiosensitivity of
HeLa (a human cervical carcinoma cell line), A549 (a human
lung carcinoma cell line), and HCT116 cells (a human CRC
cell line). Among these cells, COX-2 expression was unde-
tected in HCT116 cells. Treatment with celecoxib signifi-
cantly increased BCCIP expression in COX-2-negative
HCT116 cells. Celecoxib affects the functions of p53 and
inhibits the recovery from the irradiation-induced injury by
upregulating the expression of BCCIP and subsequently reg-
ulates the expressions of genes such as p21 and Cyclin B1 to
enhance the radiosensitivity of HCT116 cells in a COX-2—
independent manner.* Doxorubicin and celecoxib induced
concentration-dependent reductions in cell viability which
reached a maximum of >90% cell death at 3 and 100 puM,
respectively.!

One animal study showed that co-administration of cele-
coxib with DSS (distilled water), DMH, and DMH + DSS
significantly reduced expression of PCNA (a marker of cell
proliferation). Celecoxib significantly ~downregulated
expression of protein Bcl-2 (an anti-apoptotic protein),
whereas it upregulated expression of proteins Bad and Bax,
the pro-apoptotic proteins, in mice. Also, the immunofluo-
rescence and immunoblot studies of caspase 3, the critical
component of intrinsic apoptotic pathway, expression was
significantly elevated with the administration of celecoxib in
these groups.*

The exploratory analysis performed using OS and
COX-2 expression category stated that among patients cen-
sored for OS (9/17 patients), the median OS (80% CI) of
patients in the low COX-2 expression group was 17.8
months (15.5 months, not reached [NR]), and the median
OS of patients in the high COX-2 expression group was not
reached at the time of the analysis (19.4 months, NR). The

log-rank test P value for comparison of these 2 groups was
.09. The HR and 80% CI for progression among patients in
the high COX-2 expression group vs the (reference) low
COX-2 expression group were 0.25 (0.08-0.75).* The
Prevention of Colorectal Sporadic Adenomatous Polyps
(PreSAP) trial, which randomly assigned 1561 patients
with previous history of adenomas to receive 400 mg of
celecoxib or placebo, revealed that celecoxib was success-
ful in decreasing the rate of adenomas (33.6% vs 49.6%, P
< .001) and the rate of advanced adenomas (5.3% vs
10.4%, P < .001)."° The cohort study done in the Taiwan
proposed that after weighting with inverse probability treat-
ment weight (IPTW), patients using COX-2 inhibitors both
prior to and after diagnosis had the best 5-year OS (P <
.001) at a significant level. Patients who used COX-2 inhib-
itors both prior to and after diagnosis had a 10% decreased
risk of all-cause mortality than patients in the nonuser
group (adjusted HR with IPTW = 0.91; 95% CI = 0.86-
0.96; P < .001). The subgroup analysis among different
cancer sites, patients with colon cancer diagnosis who used
COX-2 inhibitors both prior to and after diagnosis had a
slightly decreased risk of mortality (adjusted HR with
IPTW = 0.93; 95% CI = 0.87-1.00; P = .064). Among
those with diagnosis of rectal cancer, patients who used
COX-2 inhibitors both prior to and after diagnosis had sig-
nificantly decreased (14%) risk of mortality (adjusted HR
with IPTW = 0.86; 95% CI = 0.79-0.94; P = .001). In
addition, there was significant reduction in mortality among
patients using COX-2 inhibitors both prior to and after
diagnosis who underwent operation (OP) followed by
chemoradiation therapy (CRT; adjusted HR with [IPTW =
0.57;95% CI = 0.43-0.77; P < .001). In this study, patients
who received FOLFOX regimen using COX-2 inhibitors
both prior to and after diagnosis or only after diagnosis had
reduced risk of mortality.**

Celecoxib was found with improving depression in the
patient with CRC. A randomized, double-blind, placebo-
controlled trial that randomly categorizes patients into
either celecoxib 400 mg/d or placebo states that celecoxib
was associated with improvement in mild to moderate
depression. The results showed that, over 6 weeks, patients
who received celecoxib showed significant improvement
in scores of the Hamilton Depression Rating Scale (HDRS;
P = .003). When comparing the mean difference (95%
CI) between the 2 groups of therapy, the celecoxib group
demonstrated greater reduction in HDRS score during the
study period at weeks 4 (1.95, 95% CI = 0.27-3.63, P =
.024) and 6 (2.60, 95% CI = 0.96-4.23, P = .003). This
study indicated celecoxib as a potential monotherapy
treatment strategy for mild to moderate depression in
patients with CRC who underwent chemotherapy (CT).
The risk of side effects that have been attributed to the
administration of celecoxib, especially abdominal pain
and diarrhea, was not significantly different between the
intervention groups. No symptom of cardiovascular
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adverse event occurred in the study population, neither
clinically nor by electrocardiographic investigation. No
one experienced any serious adverse event which would
lead to treatment discontinuation.*

Celecoxib increases the NK-92 cell-mediated lysis. The
study done by Kim and colleagues suggests that in DELFIA
cytotoxicity assay HCT-15 cells were more susceptible to
NK cell-mediated lysis compared with HT-29 cells, which
were resistant to NK-92 cell-mediated lysis. However, the
susceptibility of both cells to NK-92 cell-mediated lysis was
increased by treatment with celecoxib. When NKG2D
receptor and DRS5 were blocked simultancously, the
increased susceptibility of celecoxib-treated cells to NK-92
cell-mediated lysis was suppressed to the level of control
cells in HCT-15 cells, but not in HT-29 cells, suggesting that
some additional factors may be involved in celecoxib-medi-
ated increase in susceptibility to NK-92 cell-mediated lysis
in HT-29 cells. In soft agar colony forming assay, HCT-15
clonogenic cells were also more susceptible to NK cell-
mediated lysis compared with HT-29 clonogenic cells. In
the presence of celecoxib, the susceptibility of both HCT-15
and HT-29 clonogenic cells to NK-92 cell-mediated lysis
was significantly increased.*®

Doses of Aspirin and Celecoxib

Regarding the dose of aspirin, some literature advocate
low dose. The Aspirin/Folate Polyp Prevention Study
(AFPPS) involved 1121 patients randomly assigned to
325 mg aspirin/d or 81 mg aspirin/d or placebo. The inci-
dence of one or more adenoma was 47%, 38%, and 45% in
the placebo, 81 mg/d group, and 325 mg/d group, respec-
tively (P = .04)." Individuals who were randomized to 81
mg/d of aspirin treatment were less likely to have a recur-
rence compared with those randomized to the placebo arm
(P = .017), whereas 325 mg/d aspirin (P = .86) and folate
had no significant effect (P = .40). Finally, the mean fol-
low-up time did not differ according to adenoma recur-
rence status (P = .32).°' Another study suggests that
evidence for cancer prophylaxis is based on acetyl sali-
cylic acid (ASA) doses of at least 75 mg/d.*’

For celecoxib, high dose was associated with the better
outcome. For patients of all genotypes, the estimated
cumulative incidence of one or more adenomas by year 3
was 43.3% for those randomized to low-dose (200 mg,
twice daily) celecoxib (RR = 0.68; 95% CI = 0.59-0.79; P
<.001) and 36.8% for those randomized to high-dose (400
mg, twice daily) celecoxib (RR = 0.54; 95% CI = 0.46-
0.64; P < .001; Table 4).* Study that randomized 83 par-
ticipants from 2 institutions to 3 arms (ie, high-dose
celecoxib, low-dose celecoxib, and placebo) showed that
23 of 30 participants in the high-dose arm had a reduction
in their colorectal polyp burden, an average reduction of
28% overall.”’

Other NSAIDs

Adenoma recurrence was less frequent for rofecoxib subjects
than for those randomized to placebo (41% vs 55%; P <
.0001; RR = 0.76; 95% 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)." A
study that compared 1167 patients in the rofecoxib group and
1160 patients in the placebo group found that it is associated
with the reduction in CRC; however, it was associated with
cardiovascular risk (with an overall unadjusted RR of 1.50
[95% CI = 0.76-2.94; P = .24]).”

Dimethyl-celecoxib (DMC) increases apoptosis when
combined with imatinib. Imatinib and its combination with
DMC significantly increased caspase 3 enzyme activity. The
most potent apoptotic effects in combination treatment were
observed at a concentration of 3.5 uM imatinib and 12 uM
DMC which was statistically significant compared with con-
trol. Treatment with imatinib (3.5 uM) and DMC (12 uM) for
24 hours increased apoptosis to 76% vs control (P < .001).
The combined treatment showed more apoptosis induction
than each of the drugs alone compared with control (50% for
7 uM imatinib and 38% for 24 uM DMC). According to real-
time reverse transcription-polymerase chain reaction results,
there was an approximately 2-fold and 1-fold increase in cas-
pase-3 mRNA (messenger RNA) as a result of 7 uM imatinib
(P = .05) and 24 uM DMC (P < .05) treatment compared
with the vehicle-treated control group in HT-29 cells, respec-
tively. However, the combined treatment with 3.5 pM ima-
tinib and 12 uM DMC noticeably increased the level of
caspase-3 mRNA in HT-29 cells (3-fold) as compared with
the untreated control group (P < .001). These results indi-
cate that imatinib increased caspase 3 mRNA expression
more effectively when combined with DMC.>

The PLCO Cancer Screening Trial, which focused on
the serum level of inflammatory markers and done on men
and women of age 55 to 74 years, showed that regular ibu-
profen use was inversely associated with chemokine C-X-C
motif ligand 5 ([CXCL5] OR 0.3; 95% CI = 0.1-0.7; mod-
erate use vs nonregular use), CCL24 (OR 0.7; 95% CI =
0.3-1.8), CCL13 (OR 0.5;95% CI = 0.2-1.2), soluble inter-
leukin 1 receptor II ([SIL-1RII] OR 0.5; 95% CI = 0.2-1.4),
CCL17 (OR 0.8; 95% CI = 0.3-2.1), and serum amyloid P
([SAP] OR 0.5; 95% CI = 0.1-1.8) and positively associ-
ated with CXCL10 (OR 2.5; 95% CI = 0.9-7.0), CXCL9
(OR 2.0; 95% CI = 0.6-6.5), and CCL15 (OR 2.0; 95% CI
= 0.8-5.1).* The study that used the human colon cancer
cell line, Caco-2, to assess the effects of ibuprofen salts on
cell death in which celecoxib and the cancer killing drug
doxorubicin were used as positive controls showed that
doxorubicin and celecoxib induced concentration-depen-
dent reductions in cell viability which reached a maximum
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Table 4. Risk of Adenoma According to Celecoxib Treatment, Stratified by Aspirin Use and UGT 1 A6.%¢

Celecoxib 200

Celecoxib 400

Placebo mg twice daily mg twice daily
All genotypes
All patients, no. at risk 493 497 494
Cumulative incidence, 3y, % *=SE 59.8 +23 433 £ 23 368 =23
RR (95% ClI) 1.0 0.66 (0.59-0.79) 0.54 (0.46-0.64)
P value — <.001 <.001
Aspirin users, no. at risk 162 160 152
Cumulative incidence, 3y, % *=SE 61.0 =40 46.0 = 4.1 38.7 = 4.1
RR (95% ClI) 1.0 0.69 (0.54-0.89) 0.54 (0.41-0.73)
P value — .004 <.001
Non-aspirin users, no. at risk 331 337 342
Cumulative incidence, 3y, % *=SE 59.2 =28 42.0 = 3.5 36+2.7
RR (95% ClI) 1.0 0.67 (0.56-0.81) 0.54 (0.44-0.66)
P value — <.001 <.001
Patients with wild-type genotypes
All wild-type genotypes, no. at risk 212 213 221
Cumulative incidence, 3 y, % *=SE 623 * 34 42+35 363 £34
RR (95% ClI) 1.0 0.63 (0.50-0.78) 0.51 (0.40-0.65)
P value — <.001 <.001
Aspirin users, no. at risk 74 69 69
Cumulative incidence, 3y, % *=SE 643 = 34 44 + 6.2 35.7 = 6.1
RR (95% ClI) 1.0 0.64 (0.44-0.92) 0.51 (0.33-0.77)
P value — 013 <.001
Non-aspirin users no. at risk 138 144 152
Cumulative incidence, 3 y,% *=SE 61.4 =42 4] =43 3654
RR (95% ClI) 1.0 0.62 (0.47-0.82) 0.51 (0.38-0.69)
P value — <.001 <.001
Patients with variant genotypes
All variant genotypes, no. at risk 28I 284 273
Cumulative incidence, 3 y,% *SE 57.9 = 3.1 442 = 3.1 37.1 £3
RR (95% ClI) 1.0 0.72 (0.59-0.88) 0.57 (0.45-0.71)
P value — .001 <.001
Aspirin users, no. at risk 88 91 83
Cumulative incidence 584 £ 54 474 = 5.1 40.7 = 5.6
RR (95% ClI) 1.0 0.74 (0.53-1.04) 0.57 (0.38-0.86)
P value — .084 .005
Non-aspirin users, no. at risk 193 193 190
Cumulative incidence 57.6 = 3.7 42.6 + 3.7 356 £ 3.6
RR (95% ClI) 1.0 0.71 (0.56-0.91) 0.56 (0.44-0.73)
P value — .006 <.001

Note. RR = relative risk; Cl = confidence interval.

0of >90% cell death at 3 and 100 uM, respectively. Ibuprofen
arginate had relatively weak effects on cell viability with no
response seen at concentrations up to 100 pM reflecting its
lower potency as a COX-2 inhibitor compared with cele-
coxib. However, at 1 mM, ibuprofen arginate, but not ibu-
profen sodium, caused a small but statistically significant
reduction in Caco-2 cell viability. L-arginine at concentra-
tions calculated to be equivalent to those delivered in fully
dissociated ibuprofen arginate increased survival at 15 to
150 mM (P < .001) with no effect seen at 0.5 mM(1-way

analysis of variance followed by Dunnett test; P > .05).”' A
meta-analysis that used 15 randomized controlled trials (12
234 patients) comparing 10 different strategies stated that
compared with placebo, non-aspirin NSAIDs were ranked
best for preventing advanced metachronous neoplasia (OR
0.37, 95% CI = 0.24-0.53; SUCRA = 0.98; high-quality
evidence), followed by low-dose aspirin (OR 0.71, 95% CI
= 0.41-1.23; SUCRA = 0.67; low-quality evidence). Low-
dose aspirin, however, was ranked the safest among chemo-
prevention agents (OR 0.78, 95% CI = 0.43-1.38; SUCRA
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= 0.84), whereas non-aspirin NSAIDs (OR 1.23, 95% CI =
0.95-1.64; SUCRA = 0.26) were ranked low for safety.
High-dose aspirin (=300 mg/d) was comparable with low-
dose aspirin (=160 mg/d) in efficacy (OR 1.12, 95% CI =
0.59-2.10; SUCRA = 0.58) but had an inferior safety pro-
file (SUCRA = 0.51)."

An animal control study was divided into 9 different
groups having 5 animals in each group: Group 1: Control
Group (animals were kept on normal diet and water), Group
2: Control Group + vehicle treated (1 mM EDTA saline sub-
cutaneously) in a weekly injection and 0.5% carboxymethyl
cellulose sodium salt orally daily, Group 3: DMH treated
(DMH weekly at a dose of 30 mg/kg subcutaneously), Group
4: DMH + celecoxib 6 mg/kg was co-administered orally
daily, Group 5: DMH + etoricoxib 0.6 mg/kg was co-admin-
istered orally daily, Group 6: DMH + diclofenac 8 mg/kg
was co-administered orally daily, Group 7: celecoxib daily at
a dose of 6 mg/kg orally, Group 8: etoricoxib 0.6 mg/kg
orally daily, Group 9: diclofenac 8 mg/kg orally daily. This
study showed that a number of aberrant crypt foci, a group of
atypical tube-like glands in the lining of colon, were mini-
mum in DMH + celecoxib, DMH + etoricoxib, and DMH
+ diclofenac groups, whereas they were maximum in DMH
group. It also suggested that when co-administered with
DMH, celecoxib, etoricoxib, and diclofenac were found to
regress the COX-2 expression, which was otherwise overex-
pressed in DMH-treated group.>

Paeonol inhibits human CRC cell proliferation, induces
cell apoptosis, and downregulates the expression of COX-2
in CRC cells in a dose-dependent manner. After treating the
3 human CRC cell lines with 30 mg/L paeonol, the viability
of cells was assessed by MTT assay from 24 to 72 hours, and
the proliferation of these cell lines was significantly inhib-
ited, especially in the LoVo cells. The percentage of apop-
totic cells treated with paconol was significantly higher
(increased from 15.4% to 38.6%) compared with that in the
control group (P < .01), indicating that paconol may inhibit
the growth of CRC cells by inducing apoptosis. The expres-
sion of COX-2 in cells treated with 30 mg/L paconol was
observed to be lower than that in the control group. Treatment
with 120 mg/L paeonol led to a further decrease, which indi-
cates a dose-dependent decrease in COX-2 expression.’

Indomethacin was found with protective effect in CRC.
Lonnroth and colleagues™ reported that the stem cell master
regulator SOX2 was increased by NSAIDs (P < .01), as well
as the tumor suppressor miR-630 (P < .01), whereas BMP7,
a marker for poor prognosis in CRC, was downregulated by
NSAIDs (indomethacin; P < .02).

Conclusions

Long-term use of aspirin is associated with reduction in
adenoma recurrence, reduced mortality, and increased dis-
ease-free and OS. The benefit is significant in the patients
with strong COX-2 expression. Globally, some data seem to

suggest that aspirin use may improve the clinical outcome of
patients with metastatic CRC receiving CT. Moreover, it
has been suggested that a potential synergic activity may
exist for concomitant aspirin use and capecitabine-based
treatment. Factors such as smoking and alcohol drinking
reduce the benefit of aspirin use in the CRC. Even though
some literature recommends low-dose aspirin over high-
dose aspirin, further study is needed to arrive at a clear
conclusion regarding the most beneficial dose of aspirin.

The use of selective COX-2 inhibitors both prior to and
after diagnosis of CRC seemed to be mildly associated
with the reduction in mortality of patients with CRC. This
survival benefit was also shown in patients diagnosed with
rectal cancer or those undergoing OP followed by CRT
within 180 days after diagnosis. Some literature state that
COX-2 inhibitors might play a synergistic role in adjuvant
CT of FOLFOX regimen. Celecoxib was found to increase
the radiosensitization of colon cancer cells. High-dose
celecoxib (400 mg twice a day) was associated with better
outcome than low-dose celecoxib (200 mg twice a day).

The use of rofecoxib is associated with reducing the risk
of CRC; however, it is associated with cardiovascular risk
and it is not recommended to use it for the prevention of
CRC. It is currently withdrawn from the market due to its
side effects.

Among individuals with previous colorectal neoplasia,
non-aspirin NSAIDs are the most effective agents for the
prevention of advanced metachronous neoplasia, whereas
low-dose aspirin has the most favorable risk:benefit profile.
One study states that ibuprofen is associated with reducing
inflammatory mediators. Further control study is needed in
this area to come up with clear-cut point with the use of
NSAIDs in the CRC.
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