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Abstract

Sulindac is a nonsteroidal antiinflammatory drug with a
chemopreventive effect in patients with familial adenoma-
tous polyposis (FAP). In vivo , the active form of sulindac is
sulindac sulfide, which is inactivated by the hepatic
microsomal enzyme, flavin monooxygenase 3 (FMO3). In
humans, numerous polymorphisms exist in FMO3 , which
alter enzymatic activity and subsequent substrate metabo-
lism. We recently showed that certain polymorphic forms of
FMO3 with reduced activity were associated with a more
favorable response to sulindac in preventing the formation
of adenomas in patients with FAP without polyps at
baseline. Here, we determined whether these FMO3 poly-
morphisms correlated with the ability of sulindac to regress
polyposis in patients with FAP who had polyps prior to
treatment. Nineteen patients were treated with 150 mg
sulindac twice a day for 6 months. The size and number of
polyps in each patient was assessed at baseline (prior to the

administration of sulindac), and at 3 and 6 months.
Genotyping was done on seven established FMO3 poly-
morphisms with functional significance—M66I, E158K,
P153L, V257M, E305X, E308G , and R492W . Statistical analy-
ses were done with Wilcoxon rank sum test. Of the loci
examined, only E158K and E308G showed polymorphic
changes. Six patients exhibited polymorphisms in both
E158K and E308G loci and were designated as genotype
combination 1. The remaining patients were designated as
genotype combination 2. Over the course of treatment,
patients with genotype combination 1 had a greater reduc-
tion in both the size and number of polyps than those with
genotype combination 2. These results suggest that com-
bined polymorphic changes in the E158K and E308G alleles
may protect against polyposis in patients with FAP treated
with sulindac. (Cancer Epidemiol Biomarkers Prev 2005;
14(10):2366–9)

Introduction

Colorectal cancer is a major cause of mortality and morbidity
from cancer in the U.S. In 2005, an estimated 145,000 new
cases and 56,000 deaths from colorectal cancer will occur,
making this neoplasm the second leading cause of cancer
death in the U.S. (American Cancer Society—Cancer facts
and figures, 2005; http://www.cancer.org/downloads/STT/
CAFF2005f4PWSecured.pdf). Encouragingly, enormous effort
has been spent in the last decade to promote the early detection
(screening) of colorectal cancer and its precursor, adenoma.
This effort has resulted in a declining trend in the mortality
rate from this disease.

An additional strategy to reduce the incidence and
complications from colorectal neoplasia is prevention with
pharmacologic or nutritional agents. This approach, called
chemoprevention, has generated a significant amount of
interest and led to the identification of agents that prevent
colorectal neoplasia (1, 2). For instance, epidemiologic evi-
dence indicates that nonsteroidal antiinflammatory drugs

(NSAID) are effective chemopreventive agents for colorectal
neoplasia (3, 4). Further investigation revealed that daily use of
aspirin reduced the incidence of colorectal adenomas in
patients with previous colorectal adenoma or cancer (5, 6).
Other studies support the notion that inhibition of cyclo-
oxygenases, especially cyclooxygenase-2, is in part responsible
for the chemopreventive effects of NSAIDs (7, 8).

Familial adenomatous polyposis (FAP) is an autosomal
dominant disorder characterized by the development of
numerous adenomatous polyps in the colon at an early age
in affected individuals (9). If left untreated, patients with FAP
inevitably develop colorectal cancer at a median age of 40
years. Because of the predictable and accelerated nature of
polyposis in FAP, this disease has served as a model for
clinical trials involving chemoprevention. Thus, results of
randomized controlled trials showed that NSAIDs, such as
sulindac and celecoxib, reduce the burden (number and size)
of colorectal adenomas in patients with FAP (10-13). Moreover,
in patients treated with sulindac, regression of polyposis
correlates with reduction in levels of prostaglandins in the
rectal mucosa (14, 15). Because prostaglandins are products of
cyclooxygenases, these results support a mechanism by which
inhibition of cyclooxygenase activity is responsible in part for
the chemopreventive ability of NSAIDs in colorectal neoplasia.

Administered orally, sulindac is a pro-drug containing a
racemic sulfoxide moiety, which is reduced by the gut flora to
the active sulfide form before absorption (16, 17). In vivo, the
sulfide form is reoxidized to the sulfoxide, and then, the
sulfone form; the latter two compounds relatively inactive
compared with the sulfide form (16). The two oxidation steps
leading from sulindac sulfide to sulfone are carried out by
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flavin monooxygenase 3 (FMO3), a microsomal enzyme
enriched in hepatocytes (18, 19). FMO3 is also involved in
the metabolism of a host of other nucleophilic heteroatom–
containing chemicals and drugs including trimethylamine,
clozapine, (S)-nicotine, and ranitidine (20, 21).

Studies indicate substantial interindividual and interethnic
differences in FMO3 activity (22). Much of this variation is
attributed to genetic polymorphisms, of which, 26 have been
identified to date (21, 23). Most of these result in variant
enzymes with amino acid substitutions, some of which lead to
altered enzymatic activity. Because FMO3 is implicated in the
oxidative inactivation of sulindac sulfide (18) and sulindac is
effective in chemoprevention against FAP (10-12, 15), we
recently examined the effect of FMO3 polymorphisms on the
clinical outcome of a sulindac-mediated primary chemo-
prevention trial in FAP (24). We identified two variant loci in
FMO3, E158K , and E308G , both known to reduce FMO3
activity (21), that were associated with an increased efficacy in
the prevention of adenoma formation in patients treated with
sulindac (25). In the current study, we examined the impact of
FMO3 polymorphisms on the ability of sulindac to regress
polyposis in patients with FAP who had adenomas before the
initiation of sulindac treatment.

Materials and Methods

Study Population. The study population included 19
patients with FAP previously treated with sulindac for polyp
regression at the Johns Hopkins University School of Medicine.
The inclusion and exclusion criteria have been reported (11).
Three additional patients in that report were not included in
the present study because sera were not available for
genotyping. Each patient was treated with 150 mg sulindac
orally twice a day for 6 months.

The study design was previously described (11). Briefly,
assessment of the number and size of rectal polyps was done
in each patient before the administration of sulindac (time 0 or
baseline), and at 3 and 6 months of sulindac treatment.
Enrolled patients had a minimum of five rectal polyps at
baseline. Polyp size and number were determined during
examination of the colorectal region with a flexible sigmoido-
scope. At time 0, the rectal mucosa 20 cm from the anal verge
were tattooed with sterile Indian ink. The examiner counted
the total number of polyps in the entire circumference of the
rectum from the tattoo mark to the anal verge. The size of each
of the first five polyps just distal to the tattoo was measured
with a graduated millimeter scale. The mean size of the five
polyps was then recorded for each patient. Patient compliance
was assessed by tablet counts and weekly telephone contact.
The protocol was approved by the Johns Hopkins Medical
Institution Joint Committee on Clinical Investigation.

FMO3 Genotyping. FMO3 genotyping was done as
previously described (25). Briefly, genomic DNA was extracted
from stored sera of the study patients using the QIAgen Blood
Minikit Protocol (QIAgen, Inc., Valencia, CA). Twenty micro-
liters of proteinase K was added to 400 AL serum followed by
the addition of 200 AL buffer AL. The solution was thoroughly
mixed and incubated at 50jC followed by the addition of

200 AL ethanol. The mixture was then loaded onto a QIAmp
spin column and centrifuged at 6,000 � g for 1 minute, after
which the filtrate was discarded. The same process was
repeated with buffer AW1 and AW2. Finally, bound DNA
was eluted from the spin column with 50 AL DNase- and
RNase-free ultrapure water.

Seven established FMO3 polymorphic loci shown to be
associated with altered enzymatic functions were selected for
genotyping: M66I, P153L, E158K, V257M, E305X, E308G , and
R492W (21). Polymorphisms were determined by PCR-based
RFLP using previously published primer sequences (26).
Genotypes were classified as homozygous wild-type (WT/
WT), heterozygous polymorphic (WT/P), or homozygous
polymorphic (P/P).

Statistical Analysis. Due to the small sample size, nonpara-
metric methods were used. Summary statistics were the median
(50th percentile) and the first and third quartiles (25th and 75th
percentiles, respectively). To test for a difference in location of
two independent populations, the Wilcoxon rank sum test was
used to assess significance and calculate P values. The Wilcoxon
test was used to test for a difference between genotype
combinations 1 and 2 in the reduction in polyp size and number
from baseline to 3 months and from baseline to 6 months.
Analyses and graphs were produced using the statistical
computing program, R (http://www.R-project.org).

Results

Of the seven polymorphic loci examined in the 19 patients, only
two, E158K and E308G , showed polymorphic changes. The
other five were wild-type. Table 1 shows the allelic distribution
of the E158K and E308G loci in all 19 patients. The overall
frequency of distribution of the two polymorphisms is similar
to our previous study in a different patient population (25).

Recently, we identified a particular genotype combination in
FMO3 associated with an increased efficacy of sulindac to
prevent polyposis in a primary chemoprevention trial in
patients with FAP (25). Patients with this genotype combina-
tion, called genotype 1, exhibit either heterozygous (WT/P) or
homozygous (P/P) variant alleles at both the E158K and E308G
loci. In the present study, six patients (32%) had genotype
combination 1. This frequency is similar to that previously
reported in the primary chemoprevention trial (22%; ref. 25).
The remainder of the patients in the present study was
assigned genotype combination 2.

Table 2 shows the median polyp size and number for the
two genotype combinations at baseline. The differences
between the two genotypes were not statistically significant.
Table 3 shows the changes in polyp size and number over the
6-month course of sulindac treatment and the FMO3
genotype combination for all 19 patients. Figure 1 contrasts
the reduction in polyp size over the 6 months of sulindac
treatment between patients with FMO3 genotype combina-
tions 1 and 2. The median reduction in polyp size from
baseline to 3 months for genotype combinations 1 and 2 was
2.6 and 1.1 mm, respectively (P = 0.018). At 6 months, the
median reduction was 3.1 and 2.0 mm for genotype combina-
tions 1 and 2, respectively (P = 0.069). Similarly, Fig. 2 shows
the result of reduction in polyp number over the 6-month
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Table 1. Distribution of the E158K and E308G polymor-
phisms in the study population

Polymorphisms E158K E308G

WT/WT 4 (21) 13 (68)
WT/P 9 (47) 6 (32)
P/P 6 (32) 0 (0)

NOTE: Values are expressed as number (%).

Table 2. Comparison of baseline polyp size and number
between genotype combinations 1 and 2

Genotype 1 Genotype 2

Polyp size (mm) 3.5 (2.9, 4.8) 2.8 (2.1, 3.0)
Polyp number 20.5 (18.5, 40.5) 14.0 (9.5, 19.5)

NOTE: Values are expressed as median (25th and 75th percentiles).
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period. The median reduction in polyp number from baseline
to 3 months for genotype combinations 1 and 2 was 16.5 and
7.0, respectively (P = 0.24). At 6 months, the median reduction
was 18.5 and 8.0 for genotype combinations 1 and 2,
respectively (P = 0.057).

Discussion

Colorectal cancer is a significant health concern due to high
prevalence in Western populations. Approaches designed to
reduce the incidence of colorectal neoplasia may, therefore,
lead to a reduction in mortality from colorectal cancer.
Numerous studies show that NSAIDs have a beneficial effect
in reducing the incidence of colorectal neoplasia (1, 4).
However, the heterogenous nature of the response to these
agents has not been examined.

Our group has used FAP as a model to study NSAID-
mediated chemoprevention. In several independent trials, we
showed that sulindac is effective in regressing colorectal
adenomas in patients with FAP (10-12). These studies also
revealed the relatively heterogeneous interindividual response
to sulindac in treated patients. One of the studies examined
various factors possibly responsible for the different clinical
outcome (11). It identified prior subtotal colectomy with
ileorectal anastomosis as a predictive factor when compared
with patients with no prior surgery (11). In addition, a lower
level of mucosal prostanoids was correlated with a better
clinical response to sulindac treatment (14). This finding
supports the notion that cyclooxygenase inhibition, as reflected
by mucosal prostanoid levels, is an important mechanism by
which sulindac exerts its chemopreventive effect.

To identify additional predictive factors that distinguish the
clinical efficacy of sulindac-mediated chemoprevention, we
examined FMO3 polymorphisms in a group of patients with
FAP treated with sulindac. FMO3 is the primary enzyme
involved in the oxidative inactivation of the active form of
sulindac, sulindac sulfide (18). In addition, many polymor-
phisms in FMO3 result in an alteration of enzymatic activity
against various substrates (21). Results of the present study
showed that in patients with a particular genotype combina-
tion (genotype 1), which includes both variants (heterozygous
or homozygous) E158K and E308G alleles, sulindac has a
greater efficacy in reducing polyp size (Fig. 1) and number
(Fig. 2) compared with patients with other genotypes. Of note
is that both E158K and E308G variants are associated with

decreased FMO3 activity (21). Therefore, these results support
the notion that patients with genotype combination 1 are more
likely to benefit from sulindac to regress polyposis, and this
increased benefit is probably due to the reduced inactivation of
sulindac. The functional correlation between FMO3 poly-
morphisms and sulindac metabolism is similar to previous
reports in which abnormal metabolism of carcinogens by
certain drug-metabolizing enzymes, such as glutathione-S-
transferase, might contribute to the development of intestinal
tumors in patients with FAP or HNPCC (27, 28).

We recently performed a survey of FMO3 polymorphisms
in an independent cohort of patients with FAP treated with
sulindac. These patients belonged to a randomized, placebo-
controlled trial and were polyp-free at trial entry. The study
showed that sulindac, when compared with placebo, failed to
prevent the development of colorectal adenomas over a 4-year
trial period (24). However, among the patients using sulindac,
mucosal prostanoid levels were significantly lower in those
who remained polyp-free compared with those developing
polyps (29). Moreover, sulindac-treated patients with either
the E158K or E308G allele were more likely to remain polyp-
free (25). Importantly, polymorphisms in the E158K or E308G
allele were associated with a greater reduction in mucosal

2368

Table 3. Changes in polyp size and number over the course of treatment and FMO3 genotypes in the study patients

Patient Polyp size (mm) Polyp number FMO3 genotype

Baseline 3 months 6 months Baseline 3 months 6 months E158K E308G Class

1 5 2.6 1.2 7 4 4 WT/P WT/P 1
2 3 1.9 1 21 16 8 P/P WT/P 1
3 5.5 4.5 2 160 160 160 WT/P WT/WT 2
4 1.7 0.4 0.6 8 1 2 WT/P WT/WT 2
5 3 2.3 2.9 34 27 29 WT/WT WT/WT 2
6 1.5 1.3 1.8 7 8 14 WT/WT WT/WT 2
7 1.7 3.5 2.1 21 11 14 P/P WT/WT 2
8 4 1.1 0.6 20 5 1 WT/P WT/P 1
9 3 3 0.6 10 6 3 WT/P WT/WT 2

10 2.8 1.1 0.1 12 8 3 P/P WT/WT 2
11 2.8 2.5 1.2 16 16 6 WT/P WT/WT 2
12 2.4 NA 0.4 19 3 3 WT/WT WT/WT 2
13 2.5 0.6 1 47 7 6 P/P WT/P 1
14 3.1 0 0 7 0 0 WT/WT WT/WT 2
15 2.8 0 0 18 0 0 P/P WT/P 1
16 2.2 0 0 10 0 0 P/P WT/WT 2
17 2.1 0 0 16 0 0 WT/P WT/WT 2
18 3.8 2.7 3.6 80 30 40 WT/P WT/WT 2
19 6.2 2.3 2.8 80 22 12 WT/P WT/P 1

Figure 1. The reduction in polyp size from baseline in patients with
genotype combinations 1 and 2 over the 6-month course of sulindac
treatment. Medians of polyp size for patients with genotype
combination 1 (solid line) and 2 (dashed line) over the course of
treatment with sulindac are shown. The vertical bars span between the
first and third quartiles.
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prostanoid levels in treated patients. These results add support
to our present study that FMO3 polymorphism is a factor in
determining the clinical efficacy of sulindac-mediated chemo-
prevention of polyposis. However, as our study was limited to
a subset of established FMO3 polymorphisms, the results of
the study would suggest that the polymorphisms examined in
this study is only one such factor. Additional studies are
needed to establish the functional relevance of other FMO3
polymorphisms in contributing to sulindac-mediated chemo-
prevention in FAP.

If inactivating FMO3 polymorphisms is indeed correlated
with a therapeutic benefit of sulindac in preventing polyposis,
it is also possible that the same polymorphisms are associated
with increased toxicities or adverse events due to sulindac.
However, sulindac was well-tolerated by patients in both the
primary chemoprevention trial (24) and regression trial (11).
Very few and relatively minor adverse events were reported
by patients in either trial. It is therefore not possible to correlate
FMO3 polymorphisms to sulindac-induced toxicities in these
studies.

The beneficial effect of certain FMO3 polymorphisms on
sulindac to regress or prevent polyposis in FAP is reminiscent
of a recent study examining the effect of polymorphisms in the
gene encoding UGT1A6 on the association between aspirin use
and risk of colorectal adenoma (30). Functional polymor-
phisms in UGT1A6 are associated with the impaired metab-
olism of aspirin. Among the study subjects with variant
UGT1A6 genotypes, regular use of aspirin was associated with
a decreased risk of colorectal adenoma. In contrast, in those
with the wild-type UGT1A6 genotype, regular aspirin use was
not associated with a reduced risk. Thus, functional poly-
morphisms in UGT1A6 significantly modify the effect of
aspirin on colorectal neoplasia. Combining the results of
studies examining FMO3 and UGT1A6 polymorphisms
on NSAID metabolism, the introduction of pharmacogenetics
in the design of future chemoprevention trials should be
considered.
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Figure 2. The reduction in polyp number from baseline in patients
with genotype combinations 1 and 2 over the 6-month course of
sulindac treatment. Medians of polyp number for patients with
genotype combination 1 (solid line) and 2 (dashed line) over the
course of treatment with sulindac are shown. The vertical bars span
between the first and third quartiles.
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