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Background & Research Question 

Aspirin exposure has been associated with reduced incidence of prostate cancer1,2 and less 

advanced prostate tumours at diagnosis.3 More recently, large meta-analysis and 

observational studies have reported associations between aspirin use and reduced mortality 

from cancer.4,5 In particular, aspirin use in men with localised prostate cancer, has been 

reported to be most significantly associated with reduced mortality from prostate cancer in 

both meta-analysis6 and observational studies.7 In the latter study the most significant findings 

were in men with high-risk disease i.e. larger tumours, high PSA and high Gleason Score. 

The hypothesis for the present study has evolved from this evidence and the findings of 

another study by the authors assessing associations between aspirin exposure and prostate 

cancer mortality in men with localised prostate cancer. The results suggested aspirin exposure 

to be associated with a modest non-significant reduction in prostate cancer-specific mortality 

(HR=0.90, 95% CI 0.68, 1.20) with high dose (>75mg) of aspirin having a more pronounced 

association with reduced mortality (HR=0.59, 95% CI 0.35, 1.00).  

The mechanism attributed to aspirin’s anticancer activity which has been investigated most 

extensively is the inhibition of cyclo-oxygenase enzyme 2 (COX-2). COX-2 expression in 

cancerous prostate cells is associated with higher Gleason Score,8,9 distant metastasis,10 

biochemical failure and treatment failure.11 It is biologically plausible that there is a stronger 

association between aspirin use and reduced prostate cancer mortality in men with high-

grade prostate cancer. The vasculature close to the tumour and the newly generated tumour 

vasculature have been shown to express COX-2.12 Another mechanism of proposed anti-

cancer activity is the anti-platelet property of aspirin, which may inhibit the spread of tumour 

cells through the vasculature.13 Considering these mechanisms through which aspirin may 

mediate an effect on prostate tumours, it is of interest to examine whether associations 

between aspirin use and prostate cancer mortality differ depending on if the cancer is 

localised or has progressed beyond the prostate to lymph nodes or other sites. 

This cohort study will be carried out in men aged 50-80 years diagnosed with high-grade 

prostate cancer in Ireland using the linked database of the National Cancer Registry Ireland 

(NCRI) and the Primary Care Reimbursement Services (PCRS) pharmacy claims database. The 

study aims to assess whether there is an association between aspirin use and mortality, in 

men with high-grade prostate cancer and whether there is a difference in the association 

between aspirin use and mortality in men with localised compared to advanced disease. 
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Methods 

Setting and Data Sources: 

The National Cancer Registry Ireland (NCRI) database, which has been linked to Ireland's 

Health Services Executive (HSE) – Primary Care Reimbursement Services (PCRS) pharmacy 

claims database, will be used to conduct this study. The NCRI database is nationally 

representative. Detailed data on all incident cancers in the population of the Republic of 

Ireland is complied, with five-year tumour registration of prostate cancer estimated to be in 

excess of 96% complete.14 Hospital-based tumour registration officers collect information on 

patient characteristics, tumour details and treatment received from hospital medical records. 

Tumours are recorded using the ICD-O system (Prostate neoplasm, C61).15 The national death 

certificate register, which includes patient cause of death, coded as ICD-9 or ICD-10, is linked 

to the data at the NCRI.  

The general medical services (GMS) scheme, provided by the HSE-PCRS, delivers state-funded 

universal healthcare, including prescription medicines, to approximately one third (1.4 million) 

of the Irish population. GMS scheme eligibility is assessed through means test and age; all 

persons over the age of 70 years were entitled to the GMS scheme prior to January 2009. The 

GMS database contains claims for all prescription drugs dispensed from community 

pharmacies to GMS patients. Drugs are coded according to the WHO Anatomical Therapeutic 

Chemical Classification (ATC) system.16  

Linkage of various files is by an identifier generated by the NCRI. Cancer cases diagnosed from 

January 1st 2001 to December 31st 2006 have had prescription claims have been linked using 

probabilistic matching techniques. Follow-up of vital status is until December 31st 2010. This 

linked database has been used for similar studies before.17  

The use of data held by the NCRI for research purposes is covered by the Health (Provision of 

Information) Act 1997. Data utilisation agreements have been established with the NCRI. All 

potential patient identifiers are removed from the datasets prior to use. The data is to be 

stored on an encrypted drive on a desktop computer available only to the researcher. 

Study cohort 

Men aged 50-80 years at the time of prostate cancer diagnosis (ICD-O, C61),15 diagnosed as 

having a tumour with Gleason Score histology > 7,18  between 1st January 2001 and 31st 

December 2006 will be included in the study.  Continuous eligibility for the GMS scheme for a 

full year prior to diagnosis is also required for inclusion. Men who received a prostate cancer 
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diagnosis at death or autopsy only and men with a prior invasive tumour other than non-

melanoma skin cancer will be excluded.  

Sample size will depend on the number of cases in the dataset which meet the inclusion 

criteria i.e. all men in the population who meet the inclusion criteria will be included. Formal 

power calculations have not carried out a priori. 

Exposure definition  

Prescriptions for aspirin and aspirin combinations dispensed to eligible men will be identified 

from the GMS database using WHO-ATC codes (see Appendix 1).16 Aspirin users will be 

defined as men who have a supply of aspirin available in the year prior to prostate cancer 

diagnosis. The date, dose and number of days’ supply on each prescription are recorded and 

will be used to stratify pre-diagnostic aspirin use by: (i) dosing intensity (high/low) split on the 

median proportion of days covered (PDC) with a supply of aspirin available in the year prior to 

diagnosis;19 (ii) dose prescribed (low: only received dose ≤75mg / high: any received dose > 75 

mg).   

As low-strength aspirin indicated for anti-platelet activity is licensed as a prescription only 

medicine in Ireland, very low levels of misclassification of aspirin use due to over the counter 

purchases are anticipated. New aspirin use in the six months prior to diagnosis will be 

censored as a sensitivity analysis to guard against bias introduced by new aspirin users 

receiving aspirin for pain which may be due to cancer progression.  

Outcome Definitions 

Information from death certificates, provided by the General Register Office to the NCRI, will 

be used to identify the date and primary cause of death. Primary outcome: prostate cancer 

death (ICD 9 185; ICD 10 C61); Secondary outcome: any cause death. All men will be followed 

from the date of diagnosis to death or the end of follow-up (31st December 2010). 

Study Covariates 

The following patient demographics and tumour characteristics at diagnosis will be identified 

from the NCRI database: patient age (years); smoking status (current/ former/ non-smoker/ 

unspecified); and AJCC tumour stage (tumour size, nodal status, metastases).18 Treatment 

type and date received in the year post-diagnosis is also captured in the NCRI data: prostate 

surgery (yes/no), radiation (yes/no) androgen deprivation therapy (ADT) (yes/no) or 

chemotherapy (yes/no). Where data is missing for a covariate it will be retained in the analysis 

and classified as unspecified. 
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The prescription claims data will be used to determine a medication-based comorbidity score, 

based on the sum of distinct medication classes (as defined by the 5 character ATC code) 

received by each man in the year prior to diagnosis.20 Prescription dispensing data will be used 

to identify exposure (yes/no) to other, potentially confounding, medication in the year prior to 

prostate cancer diagnosis: anti-diabetic agents, statins, non-aspirin anti-coagulants, non-

aspirin NSAIDs, medication for the treatment of Benign Prostatic Hypertrophy (BPH). See 

Appendix 1 for WHO-ATC codes.  

Statistical Analyses 

Cohort characteristics will be tabulated to assess univariate differences between aspirin users 

and non-users. Cox proportional hazards models will be used to estimate hazard ratios (HR) 

with 95% confidence intervals (CI) for prostate cancer-specific mortality associated with 

aspirin use. Covariates are to be considered for inclusion in multivariate models based on prior 

knowledge of clinical and demographic predictors of prostate cancer mortality: age;21 

comorbidity score;20 smoking status;22,23 tumour size;21 diabetes;24 and exposure to beta-

blockers,17 statins,25 non-aspirin anti-coagulants,7,26 non-aspirin NSAIDS25 and drugs used in 

BPH.27 Also considered for inclusion in the model will be the year of prostate cancer diagnosis 

(continuous) and treatment received in the year following diagnosis: prostate surgery / 

radiation / androgen deprivation therapy (time-varying).  A backward deletion method, with a 

10% maximum change in the effect component of the fully adjusted HR will be used to select 

the final multivariate model.28 The proportionality of hazard functions will be assessed by 

testing for the interaction between aspirin use and the logarithm of person-time (Wald test 

for product term). 

Effect Modification 

Analyses will be stratified by tumour stage to assess the potential for modification of the 

association between aspirin use and prostate cancer mortality according to whether the 

tumour has progressed to involve lymph nodes or metastases. Multiplicative interactions 

across strata of tumour stage will be determined (ratio of hazard ratios, rHR) with 95%CI. 

Sensitivity Analyses 

Due to the potential for misclassification of prostate cancer death on death certificates, 

sensitivity analyses are to be carried out. Firstly other cancer causes of death by which 

prostate cancer may reasonably be misclassified will considered as prostate cancer deaths 

(See appendix 2);29 and secondly death certificates where prostate cancer is recorded as a 

secondary or contributory cause of death will be considered as prostate cancer deaths.  
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Sensitivity analyses around aspirin exposure will also be examined to guard against the 

potential for protopathic bias which may occur as a result of men being prescribed aspirin as 

an analgesic for pain prior to the diagnosis of cancer.  

Limitations 

Although the cancer registry captures population-based cancer cases, the subset of men for 

whom data on medication exposure exists are those men eligible for the GMS scheme. As 

eligibility for the scheme is based on means test and age, older men and men of lower 

socioeconomic status are likely to be over-represented. However this is unlikely to confound 

the potential association between aspirin and prostate cancer mortality. It should be noted 

that only medicines dispensed on the GMS scheme have been linked, and medicines 

dispensed under other community drugs schemes are not captured. This is not considered to 

differ greatly between aspirin users and non-users. As the data is based on medicines 

dispensed, it does not necessarily mean men were adherent, however determining (high/low) 

dosing intensity does stratify men on their level of exposure. 

Although measures have been taken to account, as far as possible, for confounding by 

comorbidities using a medication-based comorbidity score, there may be some unmeasured 

confounding associated with comorbidity.  The comorbidity score to be used has been 

validated as a medication-based means of prediction of mortality, hospitalisation and long-

term care admissions.20 

There may be selection bias based on the selection of only men who had a histologically 

graded prostate biopsy, thus men who were not deemed fit for a biopsy may have been 

excluded, which may affect external validity 

Time-frame, planning and dissemination 

The analysis is to commence in February 2013 with write-up anticipated to be complete by 

April 2013. Further amendments to the data in this time frame are not anticipated.  

This work is to be disseminated as an original research article in a peer-reviewed journal and 

conference presentations.   
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Appendix 1 

WHO ATC
16

 Drug codes for medication exposures 

Drug Exposure WHO ATC Code 

Aspirin & Combinations B01AC06, M01BA03, N02BA01, N02BA51, N02BA71 

Anti-diabetic medication A10 

Statins C10AA 

Non-aspirin anti-coagulants  B01A, excluding B01AC06 

Non-aspirin NSAIDS M01A 

Benign Prostatic Hypertrophy G04C 

 

 

Appendix 2 

Table S2.1:  Potential other cancer sites which prostate cancer death may be misclassified:29  

Cancer Site ICD 9 Code ICD 10 Code 

Malignant neoplasm of prostate 185 C61 

Malignant neoplasm of other male genital organs, site unspecified 187.9 C63.9 

Malignant neoplasm of pelvis 195.3 C41.4 

Secondary malignant neoplasm 196-198 C76-C80 

Malignant neoplasm without specification of site 199 C80.9 

Benign neoplasm of prostate 222.2 D29.1 

Benign neoplasm of male genital organs, site unspecified 222.9 D29.9 

Neoplasm of uncertain behaviour of prostate 236.5 D40.0 

Neoplasm of uncertain behaviour of other and unspecified male genital organs 236.6 D40.9 

Neoplasm of uncertain behaviour, site unspecified 238.9 D48.9 

Neoplasm of unspecified nature of other genitourinary organs 239.5 D40.7, D41 

Neoplasm of unspecified nature, site unspecified 239.9 D48.9 

 

 


