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Abstract
Background: The incidence and mortality rates of colorectal cancer (CRC) continue to increase worldwide.
Therefore, new preventive strategies are needed to lower the burden of this disease. Previous studies reported that
aspirin could suppress the development of sporadic colorectal adenoma. In addition, metformin is a biguanide
derivative that is long widely used for the treatment of diabetes mellitus and has recently been suggested to have
a suppressive effect on carcinogenesis and cancer cell growth. Both drugs exhibit a chemopreventive effect, but
their efficacy is limited.
Aberrant crypt foci (ACF), defined as lesions containing crypts that are larger in diameter and stain more darkly with
methylene blue than normal crypts, are more prevalent in patients with cancer and adenomas, and considered a
reliable surrogate biomarker of CRC. Thus, we designed a prospective trial as a preliminary study prior to a CRC
chemoprevention trial to evaluate the chemopreventive effect of aspirin combined with metformin on colorectal
ACF formation in patients scheduled for polypectomy.
Methods: This study is a double-blind randomized controlled trial that will be conducted in patients with both
colorectal ACF and colorectal polyps scheduled for polypectomy. Eligible patients will be recruited for the study
and the number of ACF in the rectum will be counted at the baseline colonoscopy. Then, the participants will be
allocated to one of the following two groups; the aspirin plus placebo group or the aspirin plus metformin group.
Patients in the aspirin plus placebo group will receive oral aspirin (100 mg) and placebo for 8 weeks, and those in
the aspirin plus metformin group will receive oral aspirin (100 mg) and metformin (250 mg) for 8 weeks. After 8
weeks of administration, polypectomy will be performed to evaluate changes in the number of ACF, and the cellproliferative activity in the normal colorectal mucosa and colorectal polyps.
Discussion: This is the first study proposed that will explore the effect of aspirin combined with metformin on the
formation of colorectal ACF in humans.
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Trial registration: This trial has been registered in the University Hospital Medical Information Network (UMIN)
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Background
Cancer is a major health concern and the leading cause
of death worldwide. The incidence and mortality of colorectal cancer (CRC) continues to increase worldwide [1].
Most cases of CRC originate from adenomas [2], and
their removal has been shown to reduce the risk of future development of CRC and advanced adenoma [3, 4],
thereby preventing CRC-related death [5]. However, patients with adenomas and CRC constitute a high-risk
group for the development of metachronous colorectal
adenoma and/or CRC [6]. Therefore, a paradigm shift
from surveillance for the early detection of cancer or adenomas and polypectomy to new tactics for prevention,
including chemoprevention, is required to lower the burden of this disease. Several large epidemiologic and clinical
studies have evaluated the possible effects of more than
200 agents, including fiber, calcium, and non-steroidal
anti-inflammatory drugs (NSAIDs), such as aspirin and selective cyclooxygenase-2 (COX-2) inhibitors, in protecting
against CRC development [7]. Previous studies reported
that aspirin suppressed the development of sporadic colorectal adenoma [8–10]. However, the chemopreventive effect of aspirin is limited, and these studies also reported
that aspirin increased gastrointestinal bleeding. In these
patients, a post-aspirin chemoprevention drug is then
needed to establish CRC chemoprevention.
Patients with type 2 diabetes who were prescribed
metformin have been reported to be at a low risk of cancer development, including CRC), compared with those
who were not treated with metformin [11, 12]. This evidence suggests that metformin might be a candidate
agent for CRC chemoprevention in diabetic patients. In
previous studies, we demonstrated the chemopreventive
effect of metformin in two rodent models (a genetic
model and a chemically-induced cancer model) and two
human studies of colorectal carcinogenesis. We demonstrated that metformin inhibited the development of intestinal polyps in adenomatous polyposis coli mice, a
murine model of familial adenomatous polyposis [13];
furthermore, we demonstrated that metformin inhibited
azoxymethane-induced formation of colorectal aberrant
crypt foci (ACFs) by activating AMP-activated protein
kinase (AMPK) [14]. Both studies were conducted in
nondiabetic mice, which suggested the direct chemopreventive potential of metformin per se. We also conducted a trial involving non-diabetic human patients and
showed that oral low-dose metformin (250 mg/day) was

safe and suppressed the formation of colorectal ACF. In
the study conducted on nondiabetic human subjects, the
drug was safe [15]. Based on these findings, we performed
a randomized clinical trial (RCT) and showed that low dose
metformin is safe and reduced the incidence of new polyps
in patients after polypectomy of the colon [16]. In that trial,
we showed the safety and chemopreventive effect of metformin on colorectal carcinogenesis. However, similar to aspirin, the chemopreventive effective was limited.
The current recommended treatment for hypertension
or diabetes mellitus is multiple drug combination therapy,
which requires a lower dose of each drug to achieve a
maximum therapeutic effect while avoiding toxic effects.
Here, we hypothesize that aspirin and metformin combination therapy is more effective than single use of these
drugs for CRC prevention. To test this hypothesis, this
proposed study will investigate whether the combined use
of aspirin and metformin shows a stronger chemopreventive effect than aspirin or metformin alone. In CRC chemoprevention trials, in general, the incidence of adenomas
or the cancer itself is set as the study endpoint. Although
the incidence rate of CRC is the most reliable endpoint,
the use of this endpoint would be unsuitable for chemoprevention trials because of the relatively low occurrence
rate of CRC in the general population [17] and the longterm observation period that it would require. ACF are
defined as lesions containing crypts that are larger in
diameter and stain more darkly with methylene blue than
normal crypts [18–21]. They have been reported to be more
prevalent in patients with cancer and adenomas, are reduced
by the use of chemopreventive drugs such as NSAIDs, are
considered a reliable surrogate biomarker of CRC [22, 23].
We previously reported the usefulness of ACF as a biological
marker of CRC [24, 25], and conducted a chemoprevention
trial for colorectal ACF [15, 26]. The advantages of chemoprevention trials using colorectal ACF as the primary endpoint are that long-term observation is not required to
evaluate the drug effect, and ACF can be estimated quantitatively. Thus, we set ACF as a suitable endpoint for this trial.
To the best of our knowledge, this is the first clinical trial to
investigate aspirin and metformin combination therapy as a
chemopreventive strategy in patients with colorectal ACF.

Methods/design
Study design and setting

This study is designed as a double-blind placebo-control
RCT to be performed in nondiabetic patients with both
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colorectal ACF and resectable polyps. It will be conducted in the Department of Gastroenterology and
Hepatology at Yokohama City University (YCU) Hospital. The coordinating office will be at the YCU Hospital, and registration and data collection will be
conducted at the YCU center for novel and exploratory
clinical trials (Y-NEXT).
Ethical considerations and registration

The study protocol complies with the Declaration of
Helsinki [27] and the Ethics Guidelines for Clinical
Research published by the Ministry of Health, Labor,
and Welfare, Japan [28]. Patients and the public were
not involved in the study design. We obtained approval for this study from the Ethics Committee of
Yokohama City University Hospital on December 22,
2016. The protocol and informed consent form were
approved by the institutional ethics committee at
Yokohama City University Hospital. This trial has
been registered in the University Hospital Medical Information Network (UMIN) Clinical Trials Registry as
UMIN000028259. Written informed consent for participation in the study will be obtained from all participating patients. The trial results will be reported
in conformity with the Consolidated Standards of
Reporting Trials (CONSORT) 2010 guidelines [29].
Eligibility criteria

Patients with both colorectal ACF and resectable polyps
will be recruited for this study. The inclusion criteria are
as follows:
1
2
3

Patients with resectable polyps.
Patients with more than 10 rectal ACF.
Willingness to provide written informed consent.

The exclusion criteria are as follows:
1
2
3
4

5
6

7
8

Patients with lesions for which preferred early
resection is preferred.
History of regular use (defined as at least once per
week) of NSAIDs and/or aspirin.
History of regular use of warfarin and/or direct oral
anticoagulants (DOAC).
History of diabetes mellitus (defined as a
glycosylated hemoglobin (HbA1c) level more than
6.5% or regular use of anti-diabetic drugs).
History of heart failure, renal failure, liver cirrhosis
or chronic hepatic failure.
History of familial adenomatous polyposis,
hereditary non-polyposis CRC and inflammatory
bowel disease.
Pregnancy or possibility of pregnancy.
Contraindication to aspirin or metformin.
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9 Allergy to aspirin or metformin
10 Patients judged as inappropriate candidates for the
trial by the investigators.
Intervention

All eligible patients will be randomly allocated to one of
the two following groups; the aspirin plus placebo group
and aspirin plus metformin group. Endoscopists, doctors
at the follow-up outpatient clinics and patients will be
blinded to the groups. Patients in the aspirin plus placebo group will receive oral aspirin (100 mg) and placebo per day for 8 weeks, and patients in the aspirin plus
metformin group will receive 100 mg of aspirin and 250
mg of metformin per day for 8 weeks. At the end of the
8 weeks of administration of a colonoscopy will be performed to evaluate the number of rectal ACF.
Outcome measurements

The primary endpoint will be the change in the number
of colorectal ACF after 8 weeks of treatment. A magnifying colonoscope will be used in all cases (H260AZI,
PCF-Q260AZI, PCF-Q290AZI, HZ290; Olympus Co.,
Tokyo, Japan), with carbon dioxide insufflation. Bowel
preparation for the colonoscopy will be initiated one day
before the procedure. Each patient will be instructed to
consume a low-residue diet and take 5 mg of oral sodium picosulfate on the evening before the procedure.
On the day of the procedure, each patient will be given
1500 ml of polyethylene glycol (PEG). If the stools are
not sufficiently clear, an additional 500 ml of PEG will
be given to ensure sufficient bowel cleaning. For conscious sedation, midazolam and pentazocine will be administered at the beginning of the procedure.
Intramuscular glucagon or scopolamine will be administered to reduce colonic movements. At the time of the
first colonoscopy, the endoscope will be inserted into
the cecum, and the entire colorectum will be carefully
observed as the endoscope is pulled back. Rectal epithelial samples will be obtained. The number of rectal ACFs
will be counted as follows. First, the rectum will be
washed with warm water, then sprayed with 0.25%
methylene blue solution and stained for 2 min, washed
again with warm water, and finally examined by magnifying endoscopy for ACFs. At the end of 8 weeks of administration, the same endoscopists will perform the
polypectomy and counting of the ACF. All procedures
will be recorded on DVD, and all of the ACF will be
photographed. The number of ACF in each patient will
be counted by the endoscopists during the colonoscopy.
To further ensure validity, the number of ACF will be
counted again through observation of the recorded DVD
by 3 blinded expert endoscopists (H.T, A. J and A.K). If
there was a discrepancy among the blinded specialists,
we adopted the consent of at least two of the three.
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Additionaly if these expert endoscopists judge the colonoscopy examination as inadequate, that case will be
excluded.
The secondary outcomes will include (1) the drug
safety; adverse events (AEs) will be graded according to
the National Cancer Institute Common Toxicity Criteria
for Adverse Events (NCI-CTCAE), version 4.0. All study
participants will be provided with a study diary to record
the daily dosage of the study treatment and the AEs. Patients developing grade 3 or more severe AEs will be
withdrawn from the study at that point. (2) Effects of
additional metformin on the cell-proliferation in the rectal epithelium and polyps: Rectal epithelial samples will
be obtained from the same trial patients by biopsy at the
time of the first colonoscopy and polypectomy. Cellproliferative activity will be evaluated by the analysis of
the Ki-67 labeling indices. Briefly, immunochromatography will be carried out using a50-fold dilution of the Ki67 antibody (DAKO, Glostrup, Denmark) and the
avidin-biotin-peroxidase complex (ABC) kit (Vector,
Burlingame, CA) according to the manufacturer’s instructions. Then, we will randomly select six crypts and
count the number of Ki67-positive cells per crypt. In
total, ~ 250 cells will be counted at a magnification of ×
400 using a bright-field microscope. The results will be
presented as the percentage of Ki67-positive cells. All
participants will undergo a physical examination and laboratory tests at the time of the baseline endoscopic
examination and polypectomy.
Randomization

The investigator will repot the patient’s details to the
central registration center via fax. After an eligibility
check, the patients will be randomly assigned to receive
aspirin plus placebo or aspirin plus metformin at the
central registration center by a computer program that
will block allocation by age and sex. In this way, the patient assignments will be concealed from the investigator. The randomization center will allocate a numbered
treatment pack to each patient, which will contain all
the drugs or placebos needed to complete a course of
the trial treatment for one patient. Drug allocation was
masked from all patients, endoscopists, doctors, and investigators until the end of the trial.
Drug supply

Aspirin will be purchased from Bayer Pharma, Ltd.
Metformin will be purchased from Dainippon Sumitomo
Pharma Co., Ltd. The placebo (250 mg lactose) will be
purchased from Kondo photo process Co., Ltd., Osaka,
Japan. All trial drugs will be packaged identically and
identified only by number. Subjects will be instructed to
take two tablets of the trial drugs after breakfast each
day. Compliance will be monitored by counting the
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empty drug packages returned by the patients at colonoscopy. The participants will be also interviewed and
monitored that they had not used prohibited agents (aspirin, metformin and/or other non-steroidal antiinflammatory drugs). If serious adverse events or less
than 80% drug compliance are confirmed in a patient,
that patient will be removed from the final analysis.
Sample size estimation

We previously showed that metformin administered at
250 mg/d for 1 year suppressed metachronous adenoma
and the effectiveness was similar to previous aspirin chemoprevention trials [8, 9, 16]. Based on these finding, we
estimated that aspirin and metformin have similar chemopreventive effects on colorectal carcinogenesis. Then
we estimated that the ACF number would change about
− 3 ± 2 (mean ± SD) in the aspirin plus placebo group
and − 5 ± 2 (mean ± SD) in the aspirin plus metformin
group based on our previous metformin ACF prevention
trial [15]. To detect the reduction in the number of
ACFs in the two groups using the Student’s t test with a
two-sided significant level of 5% and a power of 80%, it
was found that a sample size of 17 to 26 patients in each
group would be necessary. Assuming some patients
would dropout, we propose to recruit a total of 60 patients with 30 patients in each group.
Statistical analysis

The changes of ACFs number in each group, the primary endpoint, will be compared between the aspirin
plus placebo group and the aspirin plus metformin
group by the Student t test. The safety, one of the secondary endpoints, will be compared by the chi-square
test. The remaining results in the two groups will be
compared by the Mann-Whitney U test or the t-test. A
P values of < 0.05 will be regarded as indicative of statistical significance. The analysis will be performed using
SPSS statistics, version 26 (SPSS, Chicago, IL, USA).
Trial steering committee and data monitoring committee

The Trial Steering Committee and Data Monitoring
Committee will be located in the Department of
Gastroenterology and Hepatology at Yokohama City
University Hospital. The Management Team will monitor the trial progress status and data by face-to-face and/
or telephonic contact with each of the trial investigators
every month.
Study flow

A flow chart of the study is shown in Fig. 1.

Discussion
This is the first study proposed to evaluate the chemopreventive effect of aspirin and metformin combination
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therapy in patients with rectal ACF. Given its role as an
analgesic, antipyretic and agent for cardiovascular
prophylaxis, aspirin has become one of the most commonly used drugs. Many studies have provided considerable evidence demonstrating its potential for the
prevention of CRC. Aspirin exerts its anticancer effects
through several interconnected mechanisms, including
prostaglandin synthesis and catabolism in epithelial cells
[30, 31]; inhibition of WNT β-catenin signalling [32, 33];
inactivation of platelets [34, 35] and the host immune
response [31, 36]. Aspirin may also act through several
other unknown mechanisms. Furthermore, aspirin may
has been hypothesized to act synergistically with other
agents [37]. Further study is needed to clear the chemopreventive effect of aspirin. Metformin (1,1-dimethylbiguanide hydrochloride) is a biguanide derivative that is
widely used for the treatment of diabetes mellitus [38].
Metformin activates AMPK, which inhibits the mammalian target of rapamycin (mTOR) pathway [39]. The
mTOR pathway plays an important role in the regulation of cellular protein translational machinery and cell
proliferation [40]. The best-characterized downstream
effector of mTOR is S6 kinase, which regulates the initiation and elongation phases of translation [41]. Activation of the mTOR pathway has been shown to accelerate
cell cycle progression from G1 to S in CRC DLD-1 cells
[42]. Therefore, AMPK activation may inhibit cell
growth and proliferation by suppressing protein synthesis, thereby having a potent antiproliferative effect.

Fig. 1 Study Flow
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Recent evidence indicates that metformin has a suppressive effect on tumorigenesis and cancer cell growth [43–
45]. In one study, metformin was demonstrated to activate AMPK and consequently decrease cellular proliferative activity, to produce a general decrease in protein
synthesis in vitro in human breast carcinoma cells [43].
Metformin was also shown to inhibit the proliferation of
human prostate cancer cells [45]. In addition, we performed a RCT and we showed that metformin reduced
the incidence of new polyps in patients after polypectomy of the colon [16]. However, similar to aspirin, the
chemopreventive effective was limited. In this study, we
aim to evaluate the chemopreventive effect of aspirin
and metformin combination therapy in patients with
rectal ACF and determine whether the combined use of
aspirin and metformin produces a stronger chemopreventive effect than each drug alone. Because we
hypothesize that both aspirin and combination therapy
may have a chemopreventive effect, a higher number of
baseline ACFs (> 10) was needed to detect a difference
between the two treatment effects. We previously reported a mean number of ACFs in adenomas of 6.2 ± 7.0
[24], which is why we set > 10 ACFs as an inclusion criterion. Consequently, we expect the trial to take longer
because of the small number of patients who meet the
inclusion criteria.
This trial may have the following limitations. First, ACFs
are considered as a reliable surrogate biomarker of CRC
[22], although their biological significance still remains
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controversial. However, setting study endpoint as ACF has
large merit to reduce efforts because ACFs are quantitative and it is possible to observe changes in a short period
of time. Thus, we devised a trial using ACF as the primary
endpoint to evaluate the chemopreventive effects of aspirin and metformin combination therapy. Second, an
intervention period of 8 weeks may be too short to allow
the reliable detection of differences between the groups.
However, we showed in a previous study that oral administration of metformin for 1 month suppressed the formation of colorectal ACF in humans. Other reports show
that ACFs decrease in number in 8 weeks with the use of
NSAIDs [23]. Therefore, we think that an intervention
period of 8 weeks would be sufficient to evaluate the
changes in the number of ACF. We previously conducted
a short-term chemoprevention trial of metformin for colorectal ACF, and we showed the suppressive effect of the
drug on the formation of ACF. Thereafter, we conducted
a long-term metformin chemoprevention trial for colorectal polyps. We propose to repeat the same steps for the
chemoprevention trial to investigate the combined use of
aspirin and metformin. Third, our study lacks doseresponse data. However, low-dose aspirin (100 mg/d) is
used worldwide with reported chemopreventive effects on
CRC and adenoma. Furthermore, we previously reported
the effect of low-dose metformin (250 mg/d) on colorectal
adenoma and ACF. Finally, our study lacks a metformin
alone arm and double placebo arm, while the use of aspirin alone has not been established to suppress to the formation of ACFs. However, aspirin is one of the most
efficiacious chemopreventive agents for the treatment of
colorectal adenoma and CRC, which is why we used aspirin alone as the control arm in the present study. A
four-arm study using a double placebo is needed in the future to investigate the combination effect of metformin
and aspirin.
If this combination therapy was found to be more effective for the prevention of CRC, the impact would be
significant. Therefore, we consider it of interest to determine whether the combined use of aspirin and metformin shows a stronger chemopreventive effect on the
formation of human colorectal ACFs than either aspirin
or metformin alone.
Abbreviations
CRC: Colorectal cancer; NSAIDs: non-steroidal anti-inflammatory drugs; COX2: cyclooxygenase-2; ACF: Aberrant crypt foci; AMPK: AMP-activated protein
kinase; UMIN: University hospital Medical Information Network;
CONSORT: Consolidated Standards of Reporting Trials
Acknowledgements
The authors would like to thank the staff of the participating institutions for
their support in recruiting eligible patients, and the patients who
participated in this study. We thank Melissa Crawford, PhD, from Edanz
Group (https://en-author-services.edanzgroup.com/) for editing a draft of this
manuscript.

Page 6 of 7

Current study status
The trial began recruiting patients in July 2017 and will complete
recruitment in March 2022. Data collection will be completed in July 2022,
and the results are scheduled to be published in November 2022.
Authors’ contributions
TH, JA and AN conceived of the study. TH and JA equally contributed to this
manuscript. TH, JA, KA, NM, TY, TM, AF and HO will perform the baseline
colonoscopy and polypectomy. JA, TH and KA will conduct another count of
ACF using a DVD recording to ensure its validity. TT, NM, TY, AF and HO will
recruit participants and follow-up at the outpatient clinic. Analysis and interpretation of data will be conducted by TH, JA and KA. All the authors have
read the final manuscript and approve of its submission for publication.
Funding
Grants-in-Aid for Scientific Research (C) from Japan Society for the Promotion
of Science (JSPS) to TH. This protocol did not be reviewed by the funding
body.
Availability of data and materials
The datasets used and/or analyzed during the current study will be available
from the corresponding author on reasonable request.
Ethics approval and consent to participate
We obtained approval for this study from the Ethics Committee of
Yokohama City University Hospital on December 22, 2016. The protocol and
informed consent form were approved by the institutional ethics committee
at Yokohama City University Hospital. Written informed consent for
participation in the study will be obtained from all participating patients.
Consent for publication
Not applicable.
Competing interests
None of the authors has any financial or non-financial competing interests
relevant to this trial to disclose.
Received: 6 May 2020 Accepted: 23 October 2020

References
1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer
statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. CA Cancer J Clin. 2018;68(6):394–424.
2. Vogelstein B, Fearon ER, Hamilton SR, Kern SE, Preisinger AC, Leppert M,
et al. Genetic alterations during colorectal-tumor development. N Engl J
Med. 1988;319(9):525–32.
3. Winawer SJ, Zauber AG, Ho MN, O'Brien MJ, Gottlieb LS, Sternberg SS, et al.
Prevention of colorectal cancer by colonoscopic polypectomy. The National
Polyp Study Workgroup. N Engl J Med. 1993;329(27):1977–81.
4. Citarda F, Tomaselli G, Capocaccia R, Barcherini S, Crespi M. Efficacy in
standard clinical practice of colonoscopic polypectomy in reducing
colorectal cancer incidence. Gut. 2001;48(6):812–5.
5. Zauber AG, Winawer SJ, O'Brien MJ, Lansdorp-Vogelaar I, van Ballegooijen
M, Hankey BF, et al. Colonoscopic polypectomy and long-term prevention
of colorectal-cancer deaths. N Engl J Med. 2012;366(8):687–96.
6. Imperiale TF, Glowinski EA, Lin-Cooper C, Larkin GN, Rogge JD, Ransohoff
DF. Five-year risk of colorectal neoplasia after negative screening
colonoscopy. N Engl J Med. 2008;359(12):1218–24.
7. Das D, Arber N, Jankowski JA. Chemoprevention of colorectal cancer.
Digestion. 2007;76(1):51–67.
8. Logan RF, Grainge MJ, Shepherd VC, Armitage NC, Muir KR. Aspirin and folic
acid for the prevention of recurrent colorectal adenomas. Gastroenterology.
2008;134(1):29–38.
9. Benamouzig R, Uzzan B, Deyra J, Martin A, Girard B, Little J, et al. Prevention
by daily soluble aspirin of colorectal adenoma recurrence: 4-year results of
the APACC randomised trial. Gut. 2012;61(2):255–61.
10. Ishikawa H, Mutoh M, Suzuki S, Tokudome S, Saida Y, Abe T, et al. The
preventive effects of low-dose enteric-coated aspirin tablets on the
development of colorectal tumours in Asian patients: a randomised trial.
Gut. 2014;63(11):1755–9.

Higurashi et al. BMC Cancer

(2020) 20:1043

11. Libby G, Donnelly LA, Donnan PT, Alessi DR, Morris AD, Evans JM. New
users of metformin are at low risk of incident cancer: a cohort study among
people with type 2 diabetes. Diabetes Care. 2009;32(9):1620–5.
12. Currie CJ, Poole CD, Gale EA. The influence of glucose-lowering therapies
on cancer risk in type 2 diabetes. Diabetologia. 2009;52(9):1766–77.
13. Tomimoto A, Endo H, Sugiyama M, Fujisawa T, Hosono K, Takahashi H, et al.
Metformin suppresses intestinal polyp growth in ApcMin/+ mice. Cancer
Sci. 2008;99(11):2136–41.
14. Hosono K, Endo H, Takahashi H, Sugiyama M, Uchiyama T, Suzuki K, et al.
Metformin suppresses azoxymethane-induced colorectal aberrant crypt foci
by activating AMP-activated protein kinase. Mol Carcinog. 2010;49(7):662–71.
15. Hosono K, Endo H, Takahashi H, Sugiyama M, Sakai E, Uchiyama T, et al.
Metformin suppresses colorectal aberrant crypt foci in a short-term clinical
trial. Cancer Prev Res (Phila). 2010;3(9):1077–83.
16. Higurashi T, Hosono K, Takahashi H, Komiya Y, Umezawa S, Sakai E, et al.
Metformin for chemoprevention of metachronous colorectal adenoma or
polyps in post-polypectomy patients without diabetes: a multicentre
double-blind, placebo-controlled, randomised phase 3 trial. Lancet Oncol.
2016;17(4):475–83.
17. Rougier P, Mitry E. Epidemiology, treatment and chemoprevention in
colorectal cancer. Ann Oncol. 2003;14 Suppl 2:ii3–5.
18. Roncucci L, Stamp D, Medline A, Cullen JB, Bruce WR. Identification and
quantification of aberrant crypt foci and microadenomas in the human
colon. Hum Pathol. 1991;22(3):287–94.
19. Roncucci L, Medline A, Bruce WR. Classification of aberrant crypt foci and
microadenomas in human colon. Cancer Epidemiol Biomark Prev. 1991;1(1):57–60.
20. Pretlow TP, Barrow BJ, Ashton WS, O'Riordan MA, Pretlow TG, Jurcisek JA,
et al. Aberrant crypts: putative preneoplastic foci in human colonic mucosa.
Cancer Res. 1991;51(5):1564–7.
21. Pretlow TP, O'Riordan MA, Pretlow TG, Stellato TA. Aberrant crypts in human
colonic mucosa: putative preneoplastic lesions. J Cell Biochem Suppl. 1992;
16g:55–62.
22. Takayama T, Katsuki S, Takahashi Y, Ohi M, Nojiri S, Sakamaki S, et al.
Aberrant crypt foci of the colon as precursors of adenoma and cancer. N
Engl J Med. 1998;339(18):1277–84.
23. Takayama T, Nagashima H, Maeda M, Nojiri S, Hirayama M, Nakano Y, et al.
Randomized double-blind trial of sulindac and etodolac to eradicate
aberrant crypt foci and to prevent sporadic colorectal polyps. Clin Cancer
Res. 2011;17(11):3803–11.
24. Sakai E, Takahashi H, Kato S, Uchiyama T, Hosono K, Endo H, et al.
Investigation of the prevalence and number of aberrant crypt foci
associated with human colorectal neoplasm. Cancer Epidemiol Biomark
Prev. 2011;20(9):1918–24.
25. Ohkubo H, Takahashi H, Yamada E, Sakai E, Higurashi T, Uchiyama T, et al.
Natural history of human aberrant crypt foci and correlation with risk factors
for colorectal cancer. Oncol Rep. 2012;27(5):1475–80.
26. Takahashi H, Hosono K, Uchiyama T, Sugiyama M, Sakai E, Endo H, et al.
PPARgamma ligand as a promising candidate for colorectal Cancer
chemoprevention: a pilot study. PPAR Res. 2010;2010:257835. https://doi.org/
10.1155/2010/257835PMCID. PMC2929500. Published online 2010 Aug 2.
27. World Medical Association. World medical association declaration of
Helsinki: ethical principles for medical research involving human subjects.
JAMA. 2013;310(20):2191–4. https://doi.org/10.1001/jama.2013.281053.
28. Podcast. Available from: https://www.mhlw.go.jp/file/06-Seisakujouhou-1
0800000-Iseikyoku/0000213334.pdf. Accessed 1 Apr 2020.
29. Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: updated
guidelines for reporting parallel group randomised trials. BMJ. 2010;340:c332.
30. Chan AT, Ogino S, Fuchs CS. Aspirin and the risk of colorectal cancer in
relation to the expression of COX-2. N Engl J Med. 2007;356(21):2131–42.
31. Wang D, Dubois RN. The role of COX-2 in intestinal inflammation and
colorectal cancer. Oncogene. 2010;29(6):781–8.
32. Bos CL, Kodach LL, van den Brink GR, Diks SH, van Santen MM, Richel DJ,
et al. Effect of aspirin on the Wnt/beta-catenin pathway is mediated via
protein phosphatase 2A. Oncogene. 2006;25(49):6447–56.
33. Gala MK, Chan AT. Molecular pathways: aspirin and Wnt signaling-a
molecularly targeted approach to cancer prevention and treatment. Clin
Cancer Res. 2015;21(7):1543–8.
34. Thun MJ, Jacobs EJ, Patrono C. The role of aspirin in cancer prevention. Nat
Rev Clin Oncol. 2012;9(5):259–67.
35. Dixon DA, Tolley ND, Bemis-Standoli K, Martinez ML, Weyrich AS, Morrow
JD, et al. Expression of COX-2 in platelet-monocyte interactions occurs via

Page 7 of 7

36.

37.
38.
39.

40.
41.
42.

43.

44.

45.

combinatorial regulation involving adhesion and cytokine signaling. J Clin
Invest. 2006;116(10):2727–38.
Chan AT, Ogino S, Giovannucci EL, Fuchs CS. Inflammatory markers are
associated with risk of colorectal cancer and chemopreventive response to
anti-inflammatory drugs. Gastroenterology. 2011;140(3):799–808 quiz e11.
Drew DA, Cao Y, Chan AT. Aspirin and colorectal cancer: the promise of
precision chemoprevention. Nat Rev Cancer. 2016;16(3):173–86.
Witters LA. The blooming of the French lilac. J Clin Invest. 2001;108(8):1105–7.
Shaw RJ, Lamia KA, Vasquez D, Koo SH, Bardeesy N, Depinho RA, et al. The
kinase LKB1 mediates glucose homeostasis in liver and therapeutic effects
of metformin. Science. 2005;310(5754):1642–6.
Sarbassov DD, Ali SM, Sabatini DM. Growing roles for the mTOR pathway.
Curr Opin Cell Biol. 2005;17(6):596–603.
Mamane Y, Petroulakis E, LeBacquer O, Sonenberg N. mTOR, translation
initiation and cancer. Oncogene. 2006;25(48):6416–22.
Aoki K, Tamai Y, Horiike S, Oshima M, Taketo MM. Colonic polyposis caused
by mTOR-mediated chromosomal instability in Apc+/Delta716 Cdx2+/−
compound mutant mice. Nat Genet. 2003;35(4):323–30.
Zakikhani M, Dowling R, Fantus IG, Sonenberg N, Pollak M. Metformin is an
AMP kinase-dependent growth inhibitor for breast cancer cells. Cancer Res.
2006;66(21):10269–73.
Ben Sahra I, Laurent K, Loubat A, Giorgetti-Peraldi S, Colosetti P, Auberger P,
et al. The antidiabetic drug metformin exerts an antitumoral effect in vitro
and in vivo through a decrease of cyclin D1 level. Oncogene. 2008;27(25):
3576–86.
Algire C, Amrein L, Zakikhani M, Panasci L, Pollak M. Metformin blocks the
stimulative effect of a high-energy diet on colon carcinoma growth in vivo
and is associated with reduced expression of fatty acid synthase. Endocr
Relat Cancer. 2010;17(2):351–60.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

