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Background

Colorectal cancer (CRC) is a major cause of illness and death worldwide. In 2012, the worldwide
incidence of colorectal cancer rose to an estimated 1.4 million new cases per year, and colorectal
cancer deaths rose to approximately 0.7 million [1]. In Italy, it has been estimated that there were
31,000 incident cases of colorectal cancer and 11,000 deaths due to colorectal cancer in 2012 [2].
Aspirin has been associated with a reduced risk of colorectal and possibly of a few other cancers
[3-6].

The use of low-dose aspirin (LDA) for the primary prevention of colorectal cancer has been
debated for a long time [7]. Recently, the United States Preventive Services Task Force (USPSTF)
recommended low-dose aspirin use for the primary prevention of cardiovascular diseases (CVD)
and colorectal cancer among “adults [aged] 50 to 59 years who have a 10% or greater 10-year CVD
risk [that] are not at increased risk for bleeding, have a life expectancy of at least 10 years and are
willing to take low-dose aspirin daily for at least 10 years” (USPTF, 2016). This recommendation
has been released as a level B recommendation because there is “high certainty that the net
benefit is moderate or there is moderate certainty that the net benefit is moderate to substantial”
[8].

Two meta-analysis published on 2012 analyzed almost 40 observational studies published till the
year 2011 that studied the association between aspirin use and CRC risk, showed the protective
effect of aspirin use and CRC risk with an overall protective effect of about 30% [9,10]. The
stronger effect has been found when the data were stratified by duration and frequency. In
particular daily aspirin users for at least five years had a CRC risk reduction of about 40% [10].

A more recent meta-analysis of published cohort studies showed a dose-risk and duration-risk
relationship between aspirin and CRC. In particular, the authors suggested the existence of a
threshold effect between aspirin intake and the risk of CRC, suggesting that the recommended
dose of aspirin for prevention of CRC is 75-325 mg daily and 2—7 times per week. In addition,
linear dose-response relationship was observed between duration of use and cancer protection,
so long-term (>5 years) consistent use of aspirin appears necessary to achieve a protective effect
[11].

In 2016 Cea Soriano conducted a study in which they performed three case-control analyses
nested in three different study cohorts, to evaluate the protective effect of low-dose aspirin
against CRC. The authors concluded that a daily dose of 75 mg/day was effective in reducing CRC
risk [12].



Recently we conducted a cohort study comparing CRC mortality between subjects who received
prescriptions of LDA for the whole year and subjects who did not have any prescriptions over the
same period in the Florence district. We found that CRC mortality was reduced by almost 30% (HR
=0.71,95% Cl: 0.52-0.97) [13].

CRC is associated with several risk factors. People with a history of colorectal cancer in a first-
degree relative (parent, sibling, or child) are at increased risk. The risk is even higher if that relative
was diagnosed with cancer when they were younger than 45, or if more than one first-degree
relative is affected [14]. About 5% to 10% of people who develop CRC have inherited gene
mutations that can cause family cancer syndromes and lead to them getting the disease. The most
common inherited syndromes linked with CRC are familial adenomatous polyposis and Lynch
syndrome [15-16]. Type 2 (usually non-insulin dependent) diabetes is also associated to an
increased risk of colorectal cancer. Both type 2 diabetes and colorectal cancer share some of the
same risk factors [17]. In addition to the latter, modifiable risk factors are also know and may
present opportunities for primary prevention of CRC. These includes: long-term cigarette smoking
[118-20], increased body mass (regardless of the measure of adiposity) [21] and alcohol
consumption [22] which are all associated with an increased risk of CRC, while vegetarian and
pescovegetarians diets[23]., as well as physical activity[24] are associated with a lower incidence
of CRC.

To date, different populations and study designs have been used to minimize the effect of possible
residual and/or uncontrolled confounders with respect to the association between LDA use and
the risk of CRC [12]. To the best of our knowledge, no study addressed this issue by comparing the
risk of CRC between different categories of LDA exposure within a population of patients for which

LDA use should be expected, i.e. in secondary cardiovascular prevention.

Objectives
The aim of this study is to investigate the association between LDA use and the risk of developing

CRC in patients in secondary cardiovascular prevention.



Materials and methods

Data source

This study will be based on the analysis of data from different administrative data sources that
record information on healthcare assistance delivered to Tuscany Region inhabitants and
reimbursed by the National Healthcare Service (NHS). In particular, the regional administrative
database collect anonymized person-level information from different archives which can linked
through a unique regional identifier code. These include the inhabitant registry, hospital discharge
records (HDR), dispensing of prescription drugs for outpatients use (PDO) and the mortality
registry (MR), For each subject, demographic characteristics (e.g. gender, date of birth, date of
death), information on outpatient drug utilization (e.g. dispensing date, active principle, ATC code,
dose and pharmaceutical formulation) and hospital admission (e.g. discharge diagnoses, date of

admission, date of discharge) will be available.

Selection of study population

Since ltaly has universal public healthcare assistance, the source population will correspond to the
entire Tuscan regional population. The study cohort will be drawn from patients with a first
hospitalization for cardiovascular disease (CVD) during the period 2005-2010. CVD events will be
identified through ICD9CM code (see appendix 1 for the entire list of code and selection criteria).
The date of hospitalization for CVD will correspond to the patient cohort entry date. Only those
patients with >5 years of follow-up and >2 years of look-back period in the Inhabitant Registry will
be retained in the study cohort. Patients with >1 prescription of LDA or a cancer diagnosis (ICDCM
code 140*-239* in HDR) prior cohort entry will be excluded. Moreover, patients will be excluded if
they experienced one of the following events during the first 5 years from cohort entry: exit from

the Inhabitant Registry (i.e. death or emigration from Tuscany) or occurrence of any cancer.

Study design

We will conduct a case control analysis nested in the selected study cohort. The 5t anniversary
after the index hospital discharge will be the start of the period at risk for the occurrence of CRC.
Each patient will be followed until the occurrence of the study outcome, i.e an incident CRC, or a
censoring event among: any cancer other than CRC, death, exit from the Inhabitant Registry, end

of study period (31 December 2016), whichever came first. The date of occurrence of CRC will be



the case index date. Per each case, up to 5 controls will be selected from the case’s risk set and

matched by sex, age and year of cohort entry.

Exposure
The exposure will be defined according to utilization of low-dose aspirin (LDA) prior to index date.
With aim of describing the pattern of prescription of different LDA formulation in the study cohort
users will be categorised according to the amount of active principle contained in the formulation
received: 75 mg, 100 mg, 150 mg, 300mg or mixed in case users received prescriptions of different
dosages during follow-up.
Since the outcome of the study (colon cancer) has a long latency period there is no chance that
any exposure in the year before diagnosis has a causal relationship with the onset outcome. For
this reason, we will not measure exposure in the year before outcome. Moreover, the year before
the diagnosis is a period when the outcome is likely to have already happened, and possible
associations with exposure or any other factor may be biased or even inverse. [25,26], LDA
dispensing recorded within 1 year before the index date will be disregarded. We will define “ever
use” of low-dose aspirin as 2 or more dispensings filled on separate dates and “nonuse” as fewer
than 2 dispensings. We will than model the exposure within the ever use category according to
recency, continuity and duration of use, as well as the prescribed daily dose (i.e LDA formulation
prescribed) and the average amount of aspirin received per day of follow-up daily.
Ever users will be divided into recent users (21 dispensings during year 2 or 3 before index before
the index date) and former users (no dispensings during the recent use period).
We will assume that patients treated with LDA are expected to take one posologic unit (tablet or
sachets) per day, we will define the duration of each dispensing as the number of tablets
dispensed. In recent users of LDA, continuous use will be defined as no treatment interruption (i.e.
>90 days between the end of the duration of a LDA dispensing and the date of the following
dispensing, if any) until 1 year before the index date. Along with continuity, duration of use will be
defined as the difference between the first dispensing date and the end of the last dispensing.
Recent users will be then categorised as

* continuous use for >5 years

e continuous use between 3 and 5 years

* continuous use <3 years



In a second analysis, the duration of separate treatment periods will be added to measure the
cumulative duration of LDA use in recent users. The duration of use will be categorized according
to the tertiles of the distribution of the duration of use observed in the control group.

Finally, recent users will be categorized on the basis of the intensity of use intended as the total

amount of active principle dispensed during follow-up dived by number of days of follow-up.

Covariates
The following covariates will be measured at cohort entry: age, sex, pharmacotherapies,
comorbidities and procedures (see appendix 2 for more details). In particular, we will consider the
following pharmacotherapies that could represent a risk factor for CRC or a proxy of a risk factor
(e.g. diabetes, chronic inflammatory bowel disease):
1. ‘cardiovascular system’: CO1DA, organic nitrates; C02, antihypertensive agents; CO03,
diuretics; C04, peripheral vasodilators; CO5, vasoprotective agents; C07, B blocking agents;
C08, calcium channel blockers; C09, agents acting on the renin—angiotensin system, C10,
lipid modifying agents;
2. ‘blood and blood forming’: BO1, antithrombotic agents (excluding BO1AC06);
3. ‘alimentary tract and metabolism’: A10, drugs used in diabetes.
4. Others: metformin, NSAID, hormone replacement therapy, antidepressants,

Immunosuppressive, non aspirin anticoagulant.

Comorbidities:
Inflammatory bowel disease
Chronic obstructive pulmonary disease or asthma
Hypertension

1

2

3

4. Coronary heart disease
5. CVD at entry (i.e. stroke, IHD, CHF...)
6

Diabetes mellitus

Procedures:

1. Colonscopy



Others:

1. Deprivation index [27]

Qutcome
The study outcome will correspond to all incident CRC cases occurred after the fifth year from
cohort entry up to the end of the available follow-up time. CRC cases will be identified through

principal hospital discharge diagnoses by using the ICD9CM codes 153.0-154.1, 154.8.

Statistical analysis

Use of LDA in the study cohort will be described during the first 5 years from cohort entry
according to the exposure categories defined above.

Characteristics of the full study cohort will be described at cohort entry and at start of at risk
period.

The incidence rate of CRC will be calculated using the number of observed cases as the numerator
and the total amount of person-time cumulated during the “period at risk” as the denominator,
stratified by sex and age group. Multivariable conditional regression will applied to estimate odds

ratio and 95% confidence intervals for the association between LDA use and CRC.
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Appendix 1. Definition of events for cohort entry

1. ISCHEMIC HEART DISEASE

The selection algorithm for cohort definition includes the following ICD9CM codes in either primary or
secondary diagnosis fields:

410.* Acute myocardial infarction

411.* Other acute and subacute forms of ischemic heart disease

Appendix 2. Definition of covariates

Index admission (secondary diagnosis) and admissions in 2 years before Index admission (primary and
secondary diagnosis).

Diseases and ICD9CM codes

DIABETES

250.* Diabetes mellitus

OR

ATC code A10* - Drugs used in diabetes

COPD

491.* Chronic bronchitis

492.* Emphysema

493.* Asthma

496 Chronic airway obstruction not elsewhere classified
OR

Primary diagnosis = codes compatible** with a diagnosis of COPD and secondary diagnosis = 491.%, 492.*,
493.%, 496

**Codes compatible with diagnosis of COPD

518.81 Acute respiratory failure

518.83 Chronic respiratory failure

518.84 Acute and chronic respiratory failure

416.8 Other chronic pulmonary heart diseases

416.9 Chronic pulmonary heart disease unspecified

GASTROINTESTINAL DISEASES

530.11 Reflux esophagitis

530.81 Esophageal reflux

531.4* Chronic or unspecified gastric ulcer with hemorrhage

531.5* Chronic or unspecified gastric ulcer with perforation

531.6* Chronic or unspecified gastric ulcer with hemorrhage and perforation

531.7* Chronic gastric ulcer without mention of hemorrhage or perforation

531.9* Gastric ulcer unspecified as acute or chronic without mention of hemorrhage or perforation
532.4* Chronic or unspecified duodenal ulcer with hemorrhage

532.5* Chronic or unspecified duodenal ulcer with perforation

532.6* Chronic or unspecified duodenal ulcer with hemorrhage and perforation

532.7* Chronic duodenal ulcer without mention of hemorrhage or perforation

532.9* Duodenal ulcer unspecified as acute or chronic without mention of hemorrhage or perforation
533.4* Chronic or unspecified peptic ulcer of unspecified site with hemorrhage

533.5* Chronic or unspecified peptic ulcer of unspecified site with perforation

533.6* Chronic or unspecified peptic ulcer of unspecified site with hemorrhage and perforation
533.7* Chronic peptic ulcer of unspecified site without mention of hemorrhage or perforation
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533.9* Peptic ulcer of unspecified site unspecified as acute or chronic without mention of hemorrhage or
perforation

534.4* Chronic or unspecified gastrojejunal ulcer with hemorrhage

534.5* Chronic or unspecified gastrojejunal ulcer with perforation

534.6* Chronic or unspecified gastrojejunal ulcer with hemorrhage and perforation

534.7* Chronic gastrojejunal ulcer without mention of hemorrhage or perforation

534.9* Gastrojejunal ulcer unspecified as acute or chronic without mention of hemorrhage or perforation
535* Gastritis and duodenitis

553.3 Diaphragmatic hernia without obstruction or gangrene

DISORDERS OF THYROID GLAND

240* Simple and unspecified goiter

241* Nontoxic nodular goiter

242* Thyrotoxicosis with or without goiter
243* Congenital hypothyroidism

244* Acquired hypothyroidism

245* Thyroiditis

246* Other disorders of thyroid

HYPERTENSION
401.* Essential hypertension
OR ATC C02*, CO3*, CO7*, CO8*, C09* (at least two prescription before cohort entry)

HYPERCHOLESTEROLEMIA

272.0 Pure hypercholesterolemia

HYPERTRIGLYCERIDEMIA

272.1 Pure hyperglyceridemia

DYSLIPIDEMIA

272.2 Mixed hyperlipidemia

OR ATC: C10* (at least two prescription in the year before the cohort entry)

RENAL FAILURE
584.* Acute renal failure
585.* Chronic kidney disease

OTHER FACTORS RELATED TO SEVERITY OF DISEASE
Cardiovascular procedures

CORONARY ARTERY BYPASS SURGERY

36.1* Bypass anastomosis for heart revascularization

V45.81 Postsurgical aortocoronary bypass status

PTCA

00.66 Percutaneous transluminal coronary angioplasty [ptca] or coronary atherectomy
36.0* Removal of coronary artery obstruction and insertion of stent(s)

V45.82 Percutaneous transluminal coronary angioplasty status

CEREBRAL REVASCULARIZATION

00.61 Percutaneous angioplasty or atherectomy of precerebral (extracranial) vessel(s)
00.62 Percutaneous angioplasty or atherectomy of extracranial vessel(s)

38.11 Endarterectomy, intracranial vessels

38.12 Endarterectomy, other vessels of head and neck

38.31 Resection of vessel with anastomosis, intracranial vessels

38.32 Resection of vessel with anastomosis, other vessels of head and neck

OTHER HEART SURGERY PROCEDURES
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35.* Operations On Valves And Septa Of Heart

37.0 Pericardiocentesis

37.1* Cardiotomy and pericardiotomy

37.3* Pericardiectomy and excision of lesion of heart
37.4%* Repair of heart and pericardium

37.5* Heart replacement procedures

37.6* Implantation of heart assist system

37.9* Other operations on heart and pericardium

Statin (ATC code):
atorvastatin (C10AAO05), rosuvastatin (C10AAQ7), lovastatin (C10AA02), simvastatin (C10AA01),
pravastatin (C10AA03) and fluvastatin (C10AA04).

NSAID (ATC code):

diclofenac (M01ABO5), sulindac (M01ABO02), indomethacin (M01AB01), acemetacin (M01AB11),
aceclofenac (M01AB16), meloxicam (M0O1ACO06), ibuprofen (MO1AEOQ1), naproxen (MO1AEQ2),
ketoprofen (M0O1AE03), mefenamic acid (M0O1AGO01).
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