Published OnlineFirst December 4, 2012; DOI: 10.1158/1940-6207.CAPR-12-0249

Cancer
Prevention
Research

Research Article
See related commentary by Brenner and Hawk, p. 71

A Randomized, Placebo-Controlled, Preoperative Trial of
Allopurinol in Subjects with Colorectal Adenoma
Matteo Puntoni1, Daniela Branchi2, Alessandra Argusti1, Silvia Zanardi2, Cristiano Crosta9, Emanuele Meroni11,
Francesco Munizzi6, Paolo Michetti3, Gianni Coccia3, Giuseppe De Roberto9, Roberto Bandelloni4,
Laura Turbino4, Egle Minetti3, Marco Mori5, Sandra Salvi7, Simona Boccardo7, Beatrice Gatteschi7,
Roberto Benelli8, Angelica Sonzogni10, and Andrea DeCensi2

Abstract
Inflammation and oxidative stress play a crucial role in the development of colorectal cancer (CRC) and
interference with these mechanisms represents a strategy in CRC chemoprevention. Allopurinol, a safe
molecular scavenger largely used as antigout agent, has been shown to increase survival of patients with
advanced CRC and to reduce CRC incidence in long-term gout users in epidemiologic studies. We conducted
a randomized, double-blind, placebo-controlled preoperative trial in subjects with colorectal adenomatous
polyps to assess the activity of allopurinol on biomarkers of colorectal carcinogenesis.
After complete colonoscopy and biopsy of the index polyp, 73 subjects with colorectal adenomas were
assigned to either placebo or one of two doses of allopurinol (100 mg or 300 mg) and treated for four weeks
before polyp removal. Change of Ki-67 labeling index in adenomatous tissue was the primary endpoint.
Secondary endpoints were the immunohistochemical (IHC) expression of NF-kB, b-catenin, topoisomerase-II-a, and terminal deoxynucleotidyl transferase–mediated dUTP nick end labeling (TUNEL) in adenomatous polyps and normal adjacent colonic tissue.
Compared with placebo, Ki-67 levels were not significantly modulated by allopurinol, whereas b-catenin
and NF-kB expression levels decreased significantly in adenomatous tissue, with a mean change from
baseline of 10.6%, 95% confidence interval (CI), 20.5 to 0.7, and 8.1%, 95% CI, 22.7 to 6.5,
respectively. NF-kB also decreased significantly in normal adjacent tissue (16.4%; 95% CI, 29.0 to 3.8).
No dose–response relationship was noted, except for NF-kB expression in normal tissue.
Allopurinol can inhibit biomarkers of oxidative activation in colon adenomatous polyps and normal
adjacent tissue. Further studies should define its potential chemopreventive activity. Cancer Prev Res; 6(2);
74–81. 2012 AACR.

Introduction
Colorectal cancer (CRC) is a major neoplasm worldwide
and both its prevalence and mortality are increasing (1).
Although CRC clinical symptoms develop late, its precursor
lesion adenoma can easily be detected (2, 3). Because the
development of an adenoma into CRC may take an average
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of 10 to 15 years (2, 4), chemoprevention may be a practical
approach to reduce CRC incidence (4, 5).
Chronic inflammation associated with microbial infection directly contributes to the etiology of approximately
20% of all epithelial cancers (6). The chronic inflammatory
microenvironment in colon cancer tissue is characterized by
immune dysregulation and elevated levels of reactive oxygen species (ROS), including superoxide, hydrogen peroxide, and singlet oxygen (7, 8).
Allopurinol, a structural analog of hypoxanthine, has
been used in the treatment of gout for many of years and
has a well-defined safety profile (9, 10). This drug is also
commonly used in the treatment of inflammatory bowel
disease because of its anti-inflammatory properties (10). Its
activity leads to the reduction of uric acid through the
inhibition of xanthine oxidase, an enzyme producing ROS
(i.e., superoxide anions) by catalyzing the hydroxylation of
many purine substrates, including hypoxanthine, which is
converted to xanthine and then to uric acid (10, 11).
Although little is known about the role of xanthine oxidase
in carcinogenesis, an increase of this enzyme has been
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found in different types of human cancers (12) and mouse
skin tumors (13). Elevation of xanthine oxidase activity
during carcinogenesis, including the promotion phase, was
also reported (14). Several natural products in edible plants,
including genistein and green tea, are known to act as
xanthine oxidase inhibitors (15) and have been reported
to display cancer preventive activity in preclinical models
(16–19). Allopurinol is able to prevent early alcoholinduced liver injury in rats, most likely by inhibiting the
oxidant-dependent activation of the NF-kB pathway (20),
and to decrease ROS production in animal models, thus
preventing the activation of mitogen-activated protein
kinase [MAPK; p38, extracellular signal–regulated kinase
(ERK) 1 and ERK 2]-–NF-Kb pathways (21).
A population-based case–control study conducted in
Israel (22) showed that the use of allopurinol for at least
5 years was associated with diminished risk of CRC [OR,
0.33; 95% confidence interval (CI), 0.16–0.71] after adjustment for other known risk factors. Allopurinol has also been
shown to increase survival of patients with advanced CRC
(23, 24). So far, however, no clinical trial has investigated
the effect of allopurinol on CRC risk modulation.
Window-of-opportunity, preoperative studies may provide insight into the preventive potential of drugs by modulating intraepithelial neoplasia and adjacent normal
mucosa, thus targeting the field cancerization effect in colon
carcinogenesis (25–28). The present proof-of-principle trial
evaluated a 4-week administration of allopurinol in subjects with colorectal adenomas more than 1 cm in diameter.
While no surrogate endpoint biomarkers have been clinically validated for colon carcinogenesis, we selected the
nuclear Ki-67 proliferation antigen-labeling index (LI) as
the primary endpoint variable given its clinical validation in
different neoplasms (29, 30). Moreover, the immunohistochemical (IHC) expression of NF-kB and b-catenin were
selected as secondary endpoints for their role in oxidative
activation (31, 32), whereas topoisomerase-II-a and terminal deoxynucleotidyl transferase–mediated dUTP nick end
labeling (TUNEL) were selected as markers of proliferation
and apoptosis for their putative role in colon carcinogenesis
progression (33, 34).

Materials and Methods
Eligibility criteria and study design
Subjects of ages 18 years or older with at least 1 histologically confirmed adenoma with diameter 1 cm or more
were eligible for trial entry. Exclusion criteria were: prior
CRC, flat or hyperplastic adenomas, grade >1 alterations of
hepatic and renal function, anticoagulant therapy with
dicumarol, acute gout, and use of allopurinol within the
last 6 months. Because nonsteroidal anti-inflammatory
drugs and calcium supplementation may interfere with
proliferation and apoptosis, information about concomitant medications was carefully collected.
The study was a randomized, double-blind, placebocontrolled, multicenter clinical trial. The primary endpoint
was the change of Ki-67 LI in adenomatous colon tissue.
Secondary endpoints included IHC expression of NF-kB,
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b-catenin, topoisomerase-II-a, and TUNEL, and circulating
ultrasensitive C-reactive protein (CRP) and insulin-like
growth factors (IGF; IGF-1, IGFBP-3). The study was
approved by the hospital Institutional Review Boards (IRB;
EUDRACT code: 2006-001084-27) and all subjects signed
an informed consent.
Treatment plan and study procedures
The study was conducted in 3 centers: E.O. Ospedali
Galliera [Genoa (coordinating center), Italy], European
Institute of Oncology (EIO; Milan, Italy), and National
Institute for Cancer Research (Genoa, Italy). Randomization list was centralized at the coordinating unit and stratified by center. Treatment assignment was blinded and a
sealed list indicating the content of each set of bottles was
kept at the coordinating center and was available for consultation only for safety reasons.
After complete colonoscopy and biopsy of the index
polyp and adjacent normal-appearing rectal mucosa, subjects with histologically confirmed adenomas were
assigned, within a week from the baseline biopsy, to either
placebo or 1 of 2 clinical doses of allopurinol (100 mg or
300 mg) and treated for 4 weeks until the day before
endoscopic polypectomy. Polyps were tattooed whenever
their multiplicity or anatomic site (e.g., sigmoid) could
make identification for polypectomy difficult at second
colonoscopy. The experimental treatment duration was
tailored to the current standard clinical practice as polyps
more than 1 cm in diameter are removed for safety reasons
during a second colonoscopy after blood coagulation tests
are available. Moreover, an interval of 4 weeks between
polyp detection and polypectomy is within the waiting time
range in many national health system centers.
Given the presumed antiproliferative effect of polyethylene glycol, colonic cleansing before colonoscopy was
obtained using sodium phosphate, using a divided-dose
regimen, the first the evening before the procedure and the
second 10 to 12 hours later, as previously described (35).
The drug and placebo were purchased through the coordinating hospital Pharmacy, encapsulated to ensure blinding, packaged and labeled for the study. Samples of normal
colonic tissue were also collected at baseline and end-ofstudy colonoscopy. Fasting blood samples were taken
between 8 and 10 am at baseline and on the day of
polypectomy for hematology, biochemistry, and serum
biomarkers. Treatment adherence was assessed by pill
count. Toxicity was evaluated using the National Cancer
Institute-Common Terminology Criteria for Adverse Events
version 3.0 (NCI-CTCAE; ref. 36).
Analytic methods
Immunohistochemistry. Immunohistochemistry
was
carried out by staining formalin-fixed, paraffin-embedded
3-mm tissue sections of colon biopsies with the following
antibodies: Ki-67 mouse monoclonal clone 30–9 (Ventana); topoisomerase-II-a, mouse monoclonal clone KiS1 (Dako); b-catenin, mouse monoclonal clone 14 (Cell
Marque); and NF-kB, mouse monoclonal clone F-6 (Santa

Cancer Prev Res; 6(2) February 2013

Downloaded from cancerpreventionresearch.aacrjournals.org on January 26, 2022. © 2013 American Association for Cancer
Research.

75

Published OnlineFirst December 4, 2012; DOI: 10.1158/1940-6207.CAPR-12-0249

Puntoni et al.

Cruz). Sections were stained using the automatic immunostainer Benchmark XT (Ventana); the sections were
deparaffined and antigen-retrieval was conducted with citrate buffer high pH for 30 minutes and incubated with
primary antibody tested by optimal dilution according to
the data sheet for topoisomerase-II-a 1:500 and NF-kB 1:50
and treated for an automated IHC staining for b-catenin and
Ki-67. Monoclonal antibodies (mAb) were then incubated
for 40 minutes (Ki-67 and b-catenin), or 1 hour (topoisomerase-II-a and NF-kB), at 37 C followed by addition of the
polymeric detection system (Ventana). An appropriate positive tissue control was used for each staining run; the
negative control consisted of the entire IHC procedure on
adjacent sections in the absence of the primary antibody.
The sections were counter-stained automatically with Gill’smodified hematoxylin and then cover-slipped. The sections
were evaluated by Leica DMLA light microscope with 40
magnification and using the image analysis Leica QWin
software to count the percentage of positive nuclear areas for
Ki-67, topoisomerase-II-a, and NF-kB over the total nuclear
areas in 10 section fields. The immunostained sections were
examined with an optical microscope (10 magnification)
to find the location with greater immunoreactivity. Cells
with unequivocal granular staining were considered positive. Leica-QWin software calculated automatically the percentage of positive cells as the result of the average of 10

consecutive fields evaluated at a 40 magnification. The
electronic system provided for each field considered
the ratio between the positive area and the total nuclear
area of the histologic component selected, which was fully
adjustable.
Ki-67 processing was done according to recent guidelines
to avoid differences due to preanalytic or analytic methods
(37). TUNEL was evaluated on 3-mm thick sections using the
ApopTag In Situ Apoptosis Detection Kits (Chemicon International) for apoptosis count of DNA fragmentation, according to the manufacturer’s instructions. The entire length of
the crypt was analyzed whenever possible and all assessments
were made only on dysplastic tissue. However, the crypt base
of the normal mucosa was excluded from Ki-67 measurement
as values are physiologically the highest and are not representative of the average normal mucosa (38).
Study power and statistical analysis
The primary endpoint was the pre- versus posttreatment
difference in Ki-67 LI between placebo and each allopurinol
arm at the study endpoint (polyp removal). We initially
calculated a total of 25 subjects per arm with a ¼ 0.05 and
1  b ¼ 0.85, one-sided test, and 10% dropout rate, to show
a 40% reduction in Ki-67 LI with any allopurinol versus
placebo, assuming a SD of Ki-67 difference equal to 40%.
Using an ANOVA linear model, we considered orthogonal

Assessed for eligibility (n = 307)

Enrollment

Excluded (n = 234):
Not meeting inclusion criteria
(n = 40)
Refused to participate
(n = 194)

Randomization
Figure 1. Participant ﬂow diagram.
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Table 1. Baseline subjects characteristics by allocated arm

Age, y (mean  SD)
Sex (male/female)
Body mass index, kg/m2 (mean  SD)
Smoking habits (yes/no/former)
Alcohol consumption (yes/no)
Family history for colon cancer, n (%)
Family history for other cancers, n (%)
Treatment adherence, % median (min–max)
Polyp max diameter, mm, median (min–max)

Placebo
(n ¼ 24)

Allopurinol
100 mg/d (n ¼ 24)

Allopurinol
300 mg/d (n ¼ 25)

P

61  8
13/11
25.9  3.4
7/9/8
16/8
6 (25)
16 (67)
100 (90–100)
15 (10–25)

62  8
14/10
24.3  2.9
6/8/10
15/9
10 (42)
14 (58)
100 (81–100)
18 (10–40)

61  8
12/13
25.1  2.8
5/10/10
18/7
7 (28)
11 (44)
100 (93–100)
15 (10–30)

0.9
0.8
0.4
0.9
0.8
0.5
0.2
0.8
0.5

 2

x test for categorical variables, ANOVA F test for continuous variables.

linear contrasts to test the differences between placebo and
each allopurinol arm. The power of contrasts were 82% to
detect a 50% difference between allopurinol 300 mg and
placebo and 60% to detect a 30% difference between
allopurinol 100 mg and placebo. Level of significance of
contrasts was adjusted for multiplicity using the Bonferroni
correction. As no significant difference emerged between
the 2 doses, we pooled allopurinol arms to increase statistical power.

Univariate associations between arms at baseline were
assessed using x2 for categorical variables and ANOVA F
test or the Kruskal–Wallis U test for continuous variables.
A nonparametric test for trend across ordered groups was
used when appropriate. Linear regression modeling was
used to test the post–pretreatment difference in biomarker levels at the endpoint among arms (response variable),
adjusting for baseline values and age, sex, body mass
index, smoking habits, alcohol consumption, family

Table 2. Biomarkers expression levels in adenomatous tissue by allocated arm

Ki-67 LI, %
Baseline (median, IQR)
Surgery (median, IQR)
D (Mean, 95% CI)
Topoisomerase-II-a, %
Baseline (median, IQR)
Surgery (median, IQR)
D (Mean, 95% CI)
b-Catenin, %
Baseline (median, IQR)
Surgery (median, IQR)
D (Mean, 95% CI)
NF-kB, %
Baseline (median, IQR)
Surgery (median, IQR)
D (Mean, 95% CI)
TUNEL-positive cells, %
Baseline (median, IQR)
Surgery (median, IQR)
D (Mean, 95% CI)

Placebo
(N ¼ 24)

Allopurinol,
100 mg/d (N ¼ 24)

Allopurinol,
300 mg/d (N ¼ 25)

44, 20–66
66, 40–78
þ18.7 (8.2–29.3)

45, 30–73
65, 38–80
þ11.4 (1.6–21.3)

44, 24–71
62, 40–74
þ14.4 (5.1–23.7)

18, 7–28
25, 19–32
þ4.5 (3.5 to 12.5)

20, 10–36
19, 14–38
þ1.7 (5.2 to 8.6)

17, 12–23
26, 13–38
þ4.5 (3.4 to 12.3)

2, 0–40
16, 30–74
þ12.1 (2.7–21.5)

1, 0–40
8, 2–60
þ3.9 (4.8 to 12.6)

1, 0–7
6, 3–15
þ4.5 (0.1–8.9)

51, 8–85
75, 6–90
þ9.7 (2.0 to 21.3)

80, 10–90
60, 35–90
0.4 (10.8 to 10.0)

80, 30–90
70, 30–90
1.4 (16.5 to 13.7)

0, 0–2
2, 0–8
þ3.2 (1.2–5.2)

1, 0–2
2, 1–9
þ5.9 (0.3 to 12.1)

0, 0–1
2, 0–7
þ4.0 (0.1 to 8.0)

Allopurinol
vs. placeboa

P
0.7

3.2 (13.4 to 6.9)

0.5
0.9

þ1.8 (4.9 to 8.4)

0.6
0.8

10.6 (20.5 to 0.7)

0.03
0.5

8.1 (22.7 to 6.5)

0.3
0.6

þ0.8 (3.2 to 4.7)

0.7

Abbreviations: IQR, interquartile range; D, change, deﬁned as: (polypectomy  baseline) tissue expression levels.

P for treatment, allopurinol vs. placebo, from the ANCOVA model.
a
ANCOVA model considering allopurinol arms (100 mg þ 300 mg) vs. placebo arm, adjusted for baseline biomarkers levels, age, sex,
body mass index, smoking habits, alcohol consumption, family history for cancer, and treatment adherence.
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Subject characteristics
From May 13, 2006 through May 31, 2010, 73 subjects
were included, 24 in the placebo arm, 24 on allopurinol 100
mg, and 25 on allopurinol 300 mg. The participant flow
diagram is illustrated in Fig. 1. The baseline subjects’ characteristics are summarized in Table 1. No significant differences among arms were found. The mean  SD treatment
duration was 28  5 days. All polyps could be identified and
removed. The median polyp diameters were comparable in
the 3 arms and treatment adherence was very high (overall
mean ¼ 98%). No subject was on therapy with anti-inflammatory drugs or calcium supplementation.
Tissue biomarkers
The biomarker expression levels in adenomatous tissue at
baseline biopsy and endpoint removal and their changes by
allocated arm are shown in Table 2 and Fig. 2. There was a
trend to an increase in all biomarkers in the polypectomy
specimens compared with the baseline biopsy, which
was statistically significant for Ki-67 in all 3 arms. Treatment with allopurinol did not significantly affect Ki-67 LI
changes, nor did modulate changes in topoisomerase-II-a
and TUNEL (Table 2). At variance, allopurinol blunted
the increase in b-catenin and NF-kB levels in the polypectomy specimen observed in the placebo arm, even
though the effect was statistically significant only for
b-catenin.
The biomarker expression levels in normal tissue at
baseline biopsy and endpoint removal and their changes
by allocated arm are shown in Table 3 and Fig. 2. Compared
with placebo, allopurinol treatment significantly decreased
NF-kB levels, whereas no significant change was observed
on the remaining biomarkers.
The effect of allopurinol on b-catenin in adenomatous
tissue and NF-kB in normal tissue is illustrated, for all the 3
study arms, in Fig. 3. Although allopurinol blunted the
increase of b-catenin expression in adenomatous tissue
between baseline biopsy and the polypectomy specimen
(Fig. 3A), the effect on NF-kB consisted of a decreased
expression from baseline biopsy to polyp removal, with a
dose–response relationship (P trend ¼ 0.013; Fig. 3B).
Safety
Treatment was well tolerated, and no grade 2 or higher
adverse events were registered (data not shown).
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30%

Allorurinol (100+300 mg) vs. placebo
change (post-pre), mean (95% CI)*

Results

A

Adenoma

20%
1.8%

10%

0.8%

0%

−10%

−3.2%
−10.6%

−8.1%

−20%
−30%

Ki-67

B
Allorurinol (100+300 mg) vs. placebo
change (post-pre), mean (95% CI)*

history for CRC, and treatment adherence. The treatment
effect on the change of each biomarker’s level was considered as a dummy variable in the linear model. Interactions between treatment and covariates were tested, but
no significant effect modification was noted. No multiple
testing correction was used in the analyses of secondary
endpoints. Normality of distributions was achieved and
models assumptions were assessed using residual plots.
Two-tailed P value of 0.05 was used to define nominal
statistical significance, and analyses were conducted using
STATA software (version 11; StataCorp.).

30%

Topo-II-α β-Catenin

NF-κB

TUNEL

Normal tissue

20%
10%
1.9%
0%
−10%

−0.1%

−0.9%

−3.3%

−20%

−16.4%

−30%

Ki-67

Topo-II-α β-Catenin

NF-κB

TUNEL

Figure 2. Treatment effect on the change(post–pre values) of biomarkers
in adenoma (A) and normal tissue (B).  ANCOVA model considering
allopurinol arms (100 mg þ 300 mg) versus placebo arm, adjusted for
baseline biomarkers levels, age, sex, body mass index, smoking habits,
alcohol consumption, family history for cancer, and treatment adherence.

Discussion
Because inflammation and colon carcinogenesis are
strongly associated (6–8), anti-inflammatory drugs and/or
natural compounds with anti-inflammatory properties
have been assessed as preventive agents in several randomized controlled trials in subjects at increased risk for CRC.
Although aspirin and COX-2 inhibitors showed high efficacy on the reduction of adenoma recurrence and advanced
adenoma incidence, gastrointestinal and cardiovascular
toxicity were significant and have limited their broad use
(5).
We tested the preventive potential of an old drug, such as
allopurinol, with a well-defined good safety profile, in a
proof-of-principle, window-of-opportunity trial on tissue
biomarkers of colorectal carcinogenesis. Nox1-derived ROS
stimulate the expression of NF-kB-linked antiapoptotic
proteins (39), thus exerting a cancer-promoting effect both
by inducing mitogenic stimuli and by increasing resistance
to programmed cell death of transformed cells (40). Allopurinol has recently been shown to be associated with a
lower risk of CRC in a population-based case–control study
(22) and to increase survival of patients with advanced CRC
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Table 3. Biomarkers expression levels in normal tissue by allocated arm

Ki-67 LI, %
Baseline (median, IQR)
Surgery (median, IQR)
D (Mean, 95% CI)
Topoisomerase-II-a, %
Baseline (median, IQR)
Surgery (median, IQR)
D (Mean, 95% CI)
b-Catenin, %
Baseline (median, IQR)
Surgery (median, IQR)
D (Mean, 95% CI)
NF-kB, %
Baseline (median, IQR)
Surgery (median, IQR)
D (Mean, 95% CI)
TUNEL-positive cells, %
Baseline (median, IQR)
Surgery (median, IQR)
D (Mean, 95% CI)

Placebo
(N ¼ 24)

Allopurinol,
100 mg/d (N ¼ 24)

Allopurinol,
300 mg/d (N ¼ 25)

Allopurinol
vs. placeboa

7, 3–10
8, 3–19
þ4.2 (0.1–8.4)

6, 1–12
6, 1–16
0.7 (7.3 to 5.9)

4, 2–13
10, 3–18
þ2.9 (1.5 to 7.3)

3, 1–7
3, 1–6
0.5 (3.2 to 3.1)

2, 1–3
3, 1–5
þ0.5 (3.0 to 4.0)

2, 1–4
4, 2–5
þ0.3 (1.6 to 2.3)

0, 0–0
0, 0–20
4.0 (14.8 to 6.8)

0, 0–2
0, 0–20
9.8 (21.1 to 1.6)

0, 0–1
1, 0–10
0.9 (9.7 to 7.8)

20, 0–50
30, 0–60
þ5.3 (5.5 to 16.2)

50, 0–70
15, 0–50
12.4 (24.1 to 0.7)

40, 0–70
15, 0–40
14.6 (26.6 to 2.5)

0, 0–0
1, 0–2
þ2.1 (1.0 to 5.1)

0, 0–1
0, 0–2
þ2.9 (0.6 to 6.4)

0, 0–0
0, 0–1
þ0.2 (0.1 to 0.5)

P
0.9

3.3 (9.2 to 2.7)

0.3
0.5

0.1 (3.4 to 3.3)

0.9
0.8

1.9 (7.9 to 11.7)

0.7
0.4

16.4 (29.0 to 3.8)

0.01
0.5

0.9 (4.4 to 2.6)

0.6

Abbreviations: IQR, interquartile range; D, change, deﬁned as: (polypectomy  baseline) tissue expression levels.

P for treatment, allopurinol vs. placebo, from the ANCOVA model.
a
ANCOVA model considering allopurinol arms (100 mg þ 300 mg) vs. placebo arm, adjusted for baseline biomarkers levels, age, sex,
body mass index, smoking habits, alcohol consumption, family history for cancer, and treatment adherence.

(23, 24). Our hypothesis was that inhibiting xanthine
oxidase and reducing the intracellular ROS production by
allopurinol might inhibit activation of the MAPK–NF-kB
signaling pathways, and therefore decrease cell proliferation
as measured by Ki-67 and increase apoptosis as measured by
TUNEL.
In our study, allopurinol did not significantly influence
Ki-67 LI changes, nor did it significantly modulate
changes in topoisomerase-II-a and TUNEL in either
adenomatous or normal colonic tissue. A possible interpretation of our results is that allopurinol, acting as a
molecular scavenger, may not interfere with downstream
mechanisms related to cellular proliferation/progression
and apoptosis.
A clear limitation to our study is the lack of important
variables that might have provided more insight about the
impact of allopurinol on the carcinogenesis state of flat
mucosa and adenomas, including, for example, markers of
oxidative activation and metabolism, such as the glutathione-S transferase system. In our study, the assessment of
oxidative stress was limited to a single marker and does not
reflect the complexity of the metabolic, buffering, and
reactive metabolites associated with intracellular oxidative
stress. The same can be suggested also about the MAPK–NFkB signaling pathway, in which a contemporary assessment
of this system would consist of identifying and quantifying
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phosphorylated metabolites of MAPK and its downstream
intermediates.
Despite these limitations, we found, compared with
placebo, a statistically significant blunted increase of b-catenin in patients treated with allopurinol, irrespective of the
dose, and a statistically significant dose-dependent reduction of NF-kB levels in normal tissue. A trend to a reduction
of NF-kB, even if not statistically significant, was shown also
in adenoma tissue. While an increase in b-catenin levels and
subsequent b-catenin/Tcf-lymphoid enhancer factor complex formation are important events in the early stage of
colonic carcinogenesis (41–44), the transcription factor NFkB has also been linked to multiple aspects of oncogenesis,
including the control of apoptosis, cell cycle, differentiation, angiogenesis, and cell migration (45). Therefore, our
results reinforce the notion that inhibition of b-catenin and
NF-kB by allopurinol may function as stand-alone cancerpreventive compound.
An interesting finding is the trend to a higher biomarker
expression in the polypectomy specimen compared with
the baseline biopsy, which was mostly evident for Ki-67
in the placebo arm. While this is a common observation
in presurgical studies of patients with breast cancer (46–
48), which has mainly been attributed to the stronger
inhibitory effect of formalin fixation on antigen expression in smaller specimen volumes such as the baseline
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Change (post-pre) of β-caten (95% CI) in adenoma tissue

A
25%
20%
15%

12.1%

10%
5%

3.9%

4.5%

Allopurinol
100 mg/d

Allopurinol
300 mg/d

0%
−5%
−10%

Placebo

Change (post-pre) of NF-κB (95% CI) in normal tissue

B
20%

10%

lack of correction for multiple testing as regards the
secondary endpoints.
In conclusion, in this trial, the first to our knowledge ever
conducted to assess the activity of allopurinol in reducing
CRC risk biomarkers in humans, we were unable to find any
modulation of proliferation/apoptosis either in adenomatous or in normal colonic tissue. However, we found an
activity of allopurinol in oxidative activation biomarkers of
CRC. That inflammatory mediators were modulated is
interesting and suggests there could be a role for allopurinol
in combination with agents having differing mechanisms of
action, including aspirin, COX-2 inhibitors and natural
antioxidants, such as curcumin and anthocyanins. These
findings, combined with the excellent drug safety profile
and the very low cost, should encourage further investigations on allopurinol as a potential chemopreventive agent
for adenoma recurrence and CRC.
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Figure 3. Mean (95% CI) change (post–pretreatment difference) of
b-catenin in adenomatous tissue (A) and NF-kB in normal tissue (B).

biopsy (37), additional methodologic factors should be
considered, including the difficulty in the IHC assessment
and orientation of small biopsy specimens. A proinflammatory effect of the biopsy acting as a proliferative stimulation or a real proliferative increase 4 weeks apart
cannot either be excluded. In the case of b-catenin,
indices of less than 10% and for TUNEL, 1% or less,
suggest that b-catenin expression or DNA fragmentation
are rare events in normal mucosa but also, surprisingly, in
adenomatous tissue. This then raises the concern that the
adenomatous tissue sample may have been metaplastic
rather than dysplastic, and we might have missed the
cellular turnover that one might expect to see in a dysplastic portion of an adenoma. Or, perhaps low labeling
indices are indeed the case in adenomas as well as in flat
mucosa. Finally, a potential limitation of the results is the

Conception and design: M. Puntoni, D. Branchi, A. Argusti, E. Meroni,
B. Gatteschi, R. Benelli, A. DeCensi
Development of methodology: M. Puntoni, D. Branchi, A. Argusti, S.
Zanardi, C. Crosta, E. Meroni, P. Michetti, R. Bandelloni, S. Boccardo,
B. Gatteschi, R. Benelli, A. DeCensi
Acquisition of data (provided animals, acquired and managed patients,
provided facilities, etc.): D. Branchi, C. Crosta, E. Meroni, F. Munizzi, P.
Michetti, G. Coccia, G. De Roberto, L. Turbino, E. Minetti, M. Mori,
A. DeCensi
Analysis and interpretation of data (e.g., statistical analysis, biostatistics, computational analysis): M. Puntoni, M. Mori, S. Salvi, B. Gatteschi, R. Benelli, A. DeCensi
Writing, review, and/or revision of the manuscript: M. Puntoni,
A. Argusti, S. Zanardi, E. Meroni, R. Bandelloni, B. Gatteschi, R. Benelli,
A. DeCensi
Administrative, technical, or material support (i.e., reporting or organizing data, constructing databases): M. Puntoni, D. Branchi
Study supervision: M. Puntoni, B. Gatteschi, A. DeCensi
Immunohistochemistry on tissue samples: R. Bandelloni
Revision and preparation of material for diagnostic immunohistochemistry: A. Sonzogni
Obtained financial support: A. DeCensi

Grant Support
Supported by grants from Italian League Against Cancer (Lega Italiana per
la Lotta controI Tumori, LILT), the Ligurian Public Health Regional Agency
(ARS Liguria), Cassa di Risparmio di Genova e Imperia—CA.RI.GE. Foundation, and Edoardo Garrone Foundation.
The costs of publication of this article were defrayed in part by the
payment of page charges. This article must therefore be hereby marked
advertisement in accordance with 18 U.S.C. Section 1734 solely to indicate
this fact.
Received June 9, 2012; revised October 16, 2012; accepted November 10,
2012; published OnlineFirst December 4, 2012.

References
1.
2.

80

Siegel R, Naishadham D, Jemal A. Cancer statistics, 2012. CA Cancer
J Clin 2012;62:10–29.
O'Shaughnessy JA, Kelloff GJ, Gordon GB, Dannenberg AJ, Hong WK,
Fabian CJ, et al. Treatment and prevention of intraepithelial neoplasia:
an important target for accelerated new agent development. Clin
Cancer Res 2002;8:314–46.

Cancer Prev Res; 6(2) February 2013

3.

4.

Sillars-Hardebol AH, Carvalho B, van Engeland M, Fijneman RJ, Meijer
GA. Theadenoma hunt in colorectal cancer screening: deﬁning the
target. J Pathol 2012;226:1–6.
Kelloff GJ, Lippman SM, Dannenberg AJ, Sigman CC, Pearce HL,
Reid BJ, et al. Progress in chemoprevention drug development: the
promise of molecular biomarkers for prevention of intraepithelial

Cancer Prevention Research

Downloaded from cancerpreventionresearch.aacrjournals.org on January 26, 2022. © 2013 American Association for Cancer
Research.

Published OnlineFirst December 4, 2012; DOI: 10.1158/1940-6207.CAPR-12-0249

Allopurinolin Subjects with Colorectal Adenoma

5.

6.
7.

8.

9.
10.

11.

12.
13.

14.

15.
16.

17.

18.

19.
20.

21.

22.

23.
24.
25.

26.

neoplasia and cancer—a plan to move forward. Clin Cancer Res
2006;12:3661–97.
Cooper K, Squires H, Carroll C, Papaioannou D, Booth A, Logan RF,
et al. Chemoprevention of colorectal cancer: systematic review and
economic evaluation. Health Technol Assess 2010;14:1–206.
Ullman TA, Itzkowitz SH. Intestinal inﬂammation and cancer. Gastroenterology 2011;140:1807–16.
Keshavarzian A, Zapeda D, List T, Mobarhan S. High levels of reactive
oxygen metabolites in colon cancer tissue: analysis by chemiluminescence probe. Nutr Cancer 1992;17:243–9.
Haklar G, Sayin-Ozveri E, Yuksel M, Aktan AO, Yalcin AS. Different
kinds of reactive oxygen and nitrogen species were detected in colon
and breast tumors. Cancer Lett 2001;165:219–24.
Rakieh C, Conaghan PG. Diagnosis and treatment of gout in primary
care. Practitioner 2011;255:17–20, 2–3.
Pacher P, Nivorozhkin A, Szabo C. Therapeutic effects of xanthine
oxidase inhibitors: renaissance half a century after the discovery of
allopurinol. Pharmacol Rev 2006;58:87–114.
Samra ZQ, Pervaiz S, Shaheen S, Dar N, Athar MA. Determination of
oxygenderived free radicals producer (xanthine oxidase) and scavenger (paraoxonase1)enzymes and lipid parameters in different cancer
patients. Clin Lab 2011;57:741–7.
Harrison R. Structure and function of xanthine oxidoreductase: where
are we now? Free Radic Biol Med 2002;33:774–97.
Reiners JJ, Thai G, Rupp T, Cantu AR. Assessment of the antioxidant/
prooxidant status of murine skin following topical treatment with 12-Otetradecanoylphorbol-13-acetate and throughout the ontogeny of skin
cancer. Part I. quantitation of superoxide dismutase, catalase, glutathione peroxidase and xanthine oxidase. Carcinogenesis 1991;12:
2337–43.
Pence BC, Reiners JJ. Murine epidermal xanthine oxidase activity:
correlation with degree of hyperplasia induced by tumour promoters.
Cancer Res 1987;47:6388–6392.
Tanaka T. Cancer chemoprevention by natural products. Oncol Rep
1994;1:1139–55.
Mori H, Tanaka T, Sugie S, Yoshimi N. Chemopreventive effects of
plant derived phenolic, organosulfur and other compounds on carcinogenesis in digestive organs. Environ Mutat Res Commun 1995;17:
127–33.
Tanaka T, Kojima T, Kawamori T, Mori H. Chemoprevention of digestive organs carcinogenesis by natural product protocatechuic acid.
Cancer 1995;75(Suppl.):1433–39.
Wei H, Bowen R, Cai Q, Barnes S, Wang Y. Antioxidant and antipromotional effects of the soybean isoﬂavonegenistein. Proc Soc Exp
Biol Med 1995;208:124–30.
Klaunig JE. Chemopreventive effects of green tea components on
hepatic carcinogenesis. Prev Med 1992;21:510–19.
Kono H, Rusyn I, Bradford BU, Connor HD, Mason RP, Thurman RG.
Allopurinol prevents early alcohol-induced liver injury in rats. J Pharmacol Exp Ther 2000;293:296–303.
Gomez-Cabrera MC, Borras C, Pallardo FV, Sastre J, Ji LL, Vina J.
Decreasing xanthine oxidase-mediated oxidative stress prevents
useful cellular adaptations to exercise in rats.J Physiol 2005;567(Pt
1):113–20.
Rennert G, Almog R, Bonner JD, Rennert HS, Low M, Gruber SB.
Allopurinol Use and Colorectal Cancer Risk. Abstract #C88 AACR
Third Annual International Conference on Frontiers in Cancer Prevention Research, 2004, Seattle (WA), USA.
Salim AS. Scavengers of oxygen-derived free radicals prolong survival in
advanced colonic cancer. A new approach. Tumour Biol 1993;14:9–17.
Salim AS. Oxygen-derived free-radical scavengers prolong survival in
colonic cancer. Chemotherapy 1992;38:127–34.
Kamiyama H, Suzuki K, Maeda T, Koizumi K, Miyaki Y, Okada S, et al.
DNA demethylation in normal colon tissue predicts predisposition to
multiple cancers. Oncogene. 2012 Feb 6. [Epub ahead of print].
Nakajima T, Enomoto S, Ushijima T. DNA methylation: a marker for
carcinogenexposure and cancer risk. Environ Health Prev Med
2008;13:8–15.

www.aacrjournals.org

27. Ushijima T. Epigenetic ﬁeld for cancerization. J Biochem Mol Biol
2007;40:142–50.
28. Grady WM. Epigenetic events in the colorectum and in colon cancer.
Biochem Soc Trans 2005;33(Pt 4):684–8.
29. Hajage D, de Rycke Y, Bollet M, Savignoni A, Caly M, PiergaJY, et al.
External validation of adjuvant! Online breast cancerprognosis tool.
Prioritising recommendations for improvement. PLoS ONE 2011;6:
e27446.
30. Margulis V, Lotan Y, Karakiewicz PI, Fradet Y, Ashfaq R, Capitanio U,
et al. Multi-institutional validation of the predictive value of Ki-67
labeling index in patients with urinary bladder cancer. J Natl Cancer
Inst 2009;101:114–9.
31. Thu YM, Richmond A. NF-kB inducing kinase: a key regulator in the
immunesystem and in cancer. Cytokine Growth Factor Rev 2010;21:
213–26.
32. White BD, Chien AJ, Dawson DW. Dysregulation of Wnt/b-catenin
signaling in gastrointestinal cancers. Gastroenterology 2012;142:
219–32.
33. Shibao K, Takano H, Nakayama Y, Okazaki K, Nagata N, Izumi H,
et al. Enhanced coexpression of YB-1 and DNA topoisomerase II
alpha genes in human colorectal carcinomas. Int J Cancer 1999;83:
732–7.
34. Berney CR, Downing SR, Yang JL, Russell PJ, Crowe PJ. Evidence for
post-transcriptional down-regulation of the apoptosis-related gene
bcl-2 in human colorectal cancer. J Pathol 2000;191:15–20.
35. Frommer D. Cleansing ability and tolerance of three bowel preparations for colonoscopy. Dis Colon Rectum 1997;40:100–4.
36. National Cancer Institute. Common terminology criteria for adverse
events; 2003 [Version 3.0, revised 2003 Jun 10]. Available from: http://
ctep.cancer.gov.
37. Dowsett M, Nielsen TO, A'Hern R, Bartlett J, Coombes RC, Cuzick
J, et al. International Ki-67 in Breast Cancer Working Group.
Assessment of Ki67 in breast cancer: recommendations from the
International Ki67 in Breast Cancer working group. J Natl Cancer
Inst 2011;103:1656–64.
38. Bromley M, Rew D, Becciolini A, Balzi M, Chadwick C, Hewitt D, et al. A
comparison of proliferation markers (BrdUrd, Ki-67, PCNA) determined at each cell position in the crypts of normal human colonic
mucosa. Eur J Histochem 1996;40:89–100.
39. Baldwin AS. Control of oncogenesis and cancer therapy resistance by
the transcription factor NF-kappaB. J Clin Invest 2001;107:241–6.
40. Clement MV, Stamenkovic I. Superoxide anion is a natural inhibitor of
FAS-mediated cell death. Eur Mol Biol Org J 1996;15:216–25.
41. Chung CC. The genetic basis of colorectal cancer: insights into critical
pathways of tumorigenesis. Gastroenterology 2000;119:854–65.
42. Korineck V, Barker N, Morin PJ, Van Wichen D, De Weger R, Kinzler
KW. Constitutive transcriptional activation by b catenin-Tef complex in
APC/ colon carcinoma. Science 1997;275:1784–7.
43. Morin PJ, Sparks AB, Krinek V, Barker N, Clevers H, Vogelstein B, et al.
Activation of b-catenin-Tcf signaling in colon cancer by mutations in
b-catenin or APC. Science 1997;275:1787–90.
44. Tetsu O, McCormick F. b-Catenin regulates expression of cyclin D1 in
colon carcinoma cells. Nature 1999;398:422–6.
45. Perkins ND. The diverse and complex roles of NF-kB subunits in
cancer. Nat Rev Cancer 2012;12:121–32.
46. Decensi A, Robertson C, Viale G, Pigatto F, Johansson H, Kisanga ER,
et al. A randomized trial of low-dose tamoxifen on breast cancer
proliferation and blood estrogenic biomarkers. J Natl Cancer Inst
2003;95:779–90.
47. Dowsett M, Bundred NJ, Decensi A, Sainsbury RC, Lu Y, Hills MJ,
et al. Effect of raloxifene on breast cancer cell Ki67 and apoptosis: a
double blind, placebo-controlled, randomized clinical trial in postmenopausal patients. Cancer Epidemiol Biomarkers Prev 2001;10:
961–6.
48. Decensi A, Puntoni M, Pruneri G, Guerrieri-Gonzaga A, Lazzeroni M,
Serrano D, et al. Lapatinib activity in premalignant lesions and HER-2positive cancer of the breast in a randomized, placebo-controlled
presurgical trial. Cancer Prev Res 2011;4:1181–9.

Cancer Prev Res; 6(2) February 2013

Downloaded from cancerpreventionresearch.aacrjournals.org on January 26, 2022. © 2013 American Association for Cancer
Research.

81

Published OnlineFirst December 4, 2012; DOI: 10.1158/1940-6207.CAPR-12-0249

A Randomized, Placebo-Controlled, Preoperative Trial of
Allopurinol in Subjects with Colorectal Adenoma
Matteo Puntoni, Daniela Branchi, Alessandra Argusti, et al.
Cancer Prev Res 2013;6:74-81. Published OnlineFirst December 4, 2012.

Updated version
Supplementary
Material

Cited articles
Citing articles

E-mail alerts
Reprints and
Subscriptions
Permissions

Access the most recent version of this article at:
doi:10.1158/1940-6207.CAPR-12-0249
Access the most recent supplemental material at:
http://cancerpreventionresearch.aacrjournals.org/content/suppl/2013/02/28/1940-6207.CAPR-12-0249.DC
1

This article cites 45 articles, 9 of which you can access for free at:
http://cancerpreventionresearch.aacrjournals.org/content/6/2/74.full#ref-list-1
This article has been cited by 7 HighWire-hosted articles. Access the articles at:
http://cancerpreventionresearch.aacrjournals.org/content/6/2/74.full#related-urls

Sign up to receive free email-alerts related to this article or journal.
To order reprints of this article or to subscribe to the journal, contact the AACR Publications Department at
pubs@aacr.org.
To request permission to re-use all or part of this article, use this link
http://cancerpreventionresearch.aacrjournals.org/content/6/2/74.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from cancerpreventionresearch.aacrjournals.org on January 26, 2022. © 2013 American Association for Cancer
Research.

