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ABSTRACT
Purpose The Alberta Prostate Cancer Research 
Initiative (APCaRI) Registry and Biorepository was 
established in 2014 by the APCaRI to facilitate the 
collection of clinical and patient- reported data, 
biospecimen, to measure prostate cancer outcomes 
and to support the development and clinical translation 
of innovative technologies to better diagnose and 
predict outcomes for patients with prostate cancer.
Participants Men suspected with prostate cancer and 
referred to Urology centres in Alberta were enrolled in 
the APCaRI 01 study, while men with a prior prostate 
cancer diagnosis participated in the APCaRI 03 study 
from 1 July 2014 to 30 June 2019. The APCaRI 
Registry and Biorepository links biospecimens and 
data from a wide representation of patients drawn 
from an Alberta population of more than 4 million.
Findings to date From 1 July 2014 to 30 June 2019, 
total APCaRI 01 and 03 study recruitment was 3754 
men; 142 (4%) of these men withdrew in full, 65 men 
(2%) withdrew biospecimens and 123 men (3%) died 
of any cause. Over this same time, 8677 patient- 
reported outcome measure (PROM) surveys and 7368 
biospecimens were collected and are available from 
the registry and biorepository, respectively. The data 
entry error rate was 0.8% and 0.95% for critical and 
non- critical values, respectively, and 1.8% for patient- 
reported surveys.
Future plans The APCaRI Registry and Biorepository 
will collect longitudinal data and PROM surveys 
until 2024, patient outcomes up to 25 years after 
recruitment and biospecimen storage for up to 25 
years. The APCaRI cohorts will continue to provide data 
and samples to researchers conducting retrospective 

studies. The richness of the data and biospecimens 
will complement many different research questions, 
ultimately to improve the quality of care for men with 
prostate cancer.

Strengths and limitations of this study

 ► The participants’ healthcare data and donated bio-
specimens are linked between the Registry and 
Biorepository that expands the scope of the data to 
include high- quality clinical data that include age, 
prostate specific antigen levels, biopsy results, 
treatments used, treatment outcomes, patient- 
reported outcome measures, comorbidities, disease 
state conversions, event dates and biospecimens.

 ► Biospecimens and clinical information are collected 
both prospectively and longitudinally from potential 
and confirmed patients with prostate cancer from a 
region with a population exceeding 4.3 million.

 ► There are up to 64 sample aliquots per participant 
per timepoint; including serum, plasma, buffy coat, 
red blood cells, urine and semen to support multio-
mics research approaches.

 ► This study is not a population- based cohort (recruit-
ed men represent less than 20% of the Albertan 
prostate cancer population); therefore, there is an 
inherent risk of selection bias limiting the general-
isability of findings obtained in this setting to the 
whole population.

 ► Attendance at annual follow- up visits is a challenge 
for the Alberta Prostate Cancer Research Initiative 
study, negatively affecting the percentage of biospe-
cimens donated every year.
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INTRODUCTION
Globally, prostate cancer (PCa) is the second most 
common cancer and the second leading cause of cancer 
deaths for men.1 The 5- year overall survival rate for 
North American men presenting with low risk, localised 
PCa is 95%–99%, but drops to 25%–29% for patients 
presenting with high risk, metastatic, castrate- resistant 
prostate cancer.1–3 The age- standardised mortality rate 
has decreased since 1992, when prostate- specific antigen 
(PSA) testing became available as a laboratory biomarker 
test.4 PSA screening may promote overdiagnosis and a 
prolonged PCa diagnosis lead- time that mislabels men 
with an otherwise indolent and non- threatening cancer, 
leading to overtreatment and reduced quality of life 
(QoL).5 6

Although the US Preventive Services Task Force recom-
mends against population- based PSA screening, uncer-
tainty about lifetime probabilities and misconceptions 
perpetuated by interest groups, bias clinicians and patients 
towards it.6 There is an unmet clinical need to develop 
PSA companion biomarker tests to improve PCa diag-
nostic specificity. Clinically significant PCa biomarkers 
coupled with patient data, such as age, comorbidities, 
pathologic indices and others, may provide higher accu-
racy for early PCa risk- level prognosis.6 7 This would allow 
targeted clinical care so low- risk patients could avoid 
unnecessary, potentially harmful, prostate biopsies and 
treatment, while high- risk patients could undergo imme-
diate treatment.8

The research required to understand the disease 
progression of long- lead time diseases like localised 
PCa, and to meet the diagnostic and therapeutic clin-
ical care needs, is challenging but greatly improved by 
access to longitudinal clinical data linked to high- quality 

stored biospecimens from large patient cohorts of men 
suspected or diagnosed with PCa. Cross- referenced data 
and biospecimens allow correlation of risk factors and 
molecular biomarkers to disease progression and clinical 
outcome.9

The Alberta Prostate Cancer Research Initiative 
(APCaRI) was established in 2012 as a multidisciplinary 
research programme with the long- term goals to (1) 
develop, validate and translate novel non- invasive diagnos-
tics to the clinic to improve prediction of clinically signif-
icant PCa and onset of metastasis, (2) integrate research 
results into standard of care to improve health policy and 
patient outcomes and (3) apply innovative technologies 
to the cancer spectrum. To facilitate these goals, APCaRI 
created the Alberta Prostate Cancer Registry and Biore-
pository in 2014 to collect, safely store and distribute 
high- quality linked patient clinical data, patient- reported 
outcome measure (PROM) surveys and biospecimens 
both longitudinally and prospectively (figure 1).

The APCaRI Registry is internationally unique due to 
its comprehensiveness; with patient clinical data collected 
every 6 months for up to 25 years and PROM and stan-
dardised (QoL) survey answers collected yearly for 5 
consecutive years. The prospectively collected data are 
used to meet various study objectives, such as evaluation 
of QoL outcomes with the PROM surveys and patterns of 
care across regions in Alberta.

There are numerous examples of successful translation 
facilitated by these resources including a prospective study 
aimed to develop an accurate, minimally invasive test to 
diagnose PCa. The investigators used a subset of samples 
and clinical data to validate a novel extracellular vesicle 
(EV) biomarker blood test called ClarityDX Prostate 
that predicts clinically significant PCa with high accuracy 
using a platform that combines a microflow cytometry EV 
biomarker assay, clinical features and machine learning 
algorithms to calculate a patient risk score and develop 
an online risk predictor calculator.10 11 Samples are also 
supporting research towards development of new tests to 
predict recurrence for patients on active surveillance and 
to predict early onset of metastasis post- treatment. Other 
studies are looking at patient care and adverse effects 
associated with overtreatment by analysing longitudinal 
QoL follow- up survey answers in an active surveillance 
subset of the APCaRI cohort.

The APCaRI Registry is one of the participating sites 
contributing to the TrueNTH Global Registry, an inter-
national registry to monitor PCa care globally aiming to 
reduce unwarranted variation and to promote universal 
excellence in the scope and quality of data collection and 
storage.12 The APCaRI Registry began data uploading 
to the TrueNTH Global Registry in January 2020 and 
continues to do so currently. The APCaRI Registry collects 
all the data elements required by the TrueNTH Registry 
plus an additional 1472 unique fields.

This paper describes the APCaRI Registry and Biore-
pository initiative, explains the collection procedures 
for data and biospecimens, lists the measures to ensure 

Figure 1 Flow diagram of how patients are recruited for the 
APCaRI Registry and Biorepository. APCaRI, Alberta Prostate 
Cancer Research Initiative; PROM, patient- reported outcome 
measures; QoL, quality of life.
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quality of the data and the biospecimens, reports the 
profile of the data and biospecimens, outlines the process 
to access the Registry and lists publications resulted from 
using this registry. We also describe the challenges of 
collecting the data and biospecimens and discuss possible 
solutions to these challenges and issues.

We hope researchers who are planning to do a similar 
initiative could learn from our experiences and welcome 
translational researchers to make use of these resources 
for their studies.

COHORT DESCRIPTION
Patient recruitment occurs in Edmonton, Canada at the 
Northern Alberta Urology Centre, Kaye Edmonton Clinic 
and Cross Cancer Institute; and in Calgary, Canada at the 
Prostate Cancer Centre and Tom Baker Cancer Centre. 
Patients are eligible for enrolment in two separate 
prospective cohort protocols: (1) prediagnosis (APCaRI 
01 Protocol, REB approved number HREBA- CC-18-0513) 
if they have no prior PCa diagnosis and present with either 
a PSA- screened or clinical suspicion of PCa requiring 
prostate biopsies or transurethral resection of prostate 
(TURP) and (2) postdiagnosis (APCaRI 03 Protocol, 
REB approved number HREBA- CC 14-0085) for partici-
pants with known or treated PCa or presenting with initial 
metastatic PCa.

Consenting patients complete an intake process 
including clinical collection of demographic informa-
tion, family history of cancer and the modified Charlson 
Comorbidity Index Questionnaire (table 1). QoL and 
PROM surveys are collected annually and include a 
medication questionnaire, the International Prostate 
Symptom Score, Expanded Prostate Index Composite, 
26 Item, Short Form and the five- level EuroQol Five- 
Dimension Questionnaire.13–15 Longitudinal clinical data 
are collected every 6 months and at changes in cancer 
symptoms or treatment for 10 years and continuing clin-
ical observations and data may be recorded for up to 25 
years (tables 1 and 2).

These data are stored and managed in Research Elec-
tronic Data Capture tools hosted and maintained by the 
University of Alberta.16 Rigorous data quality control 
procedures include: (1) entered data are visually and 
electronically validated by data entry clerks and the data 
administrator, (2) each data field is classified as either 
a critical or non- critical value, (3) all critical values are 
verified by a team member other than the data entry 
clerk, while approximately 10% of the non- critical values 
are verified bi- annually, (4) data entry error rates and 
error patterns are reported to the APCaRI science and 
data quality committee on a bi- annual basis, and the 
data quality control (QC) is improved accordingly. The 
APCaRI Registry data are queried, compared, analysed 
and visualised using the Predictive Research Online 
System for Prostate Cancer Tasks (PROSPeCT); APCaRI’s 
user- friendly online Clinical Information System.17

Blood, urine and/or semen biospecimens are collected 
at baseline and annually for 5 years as well as at points 
of PCa disease status changes according to APCaRI 
standard operating procedures (SOPs; tables 1 and 2). 
Blood samples are clotted as applicable, centrifuged and 
aliquoted into serum, plasma, buffy coat and red blood 
cells. Urine samples are aliquoted and stored and semen 
samples are left at ambient temperature for 15–45 min to 
allow liquefaction, then aliquoted and stored. The condi-
tion of the samples at the time of storage, such as haemo-
lysed or lipemic blood, haematuric or turbid urine and 
bloody semen, is recorded on the Sample Collection and 
Processing Form. All biospecimens are assigned a unique 
identifier, aliquoted into cryovials and frozen at −80οC 
within 2 hours of venipuncture time (for blood) or collec-
tion (for semen and urine) and remain permanently 
stored at −80οC in the Canadian Biosample Repository.

All APCaRI Biorepository SOPs follow the regulations 
and guidelines outlined in the International Conference 
on Harmonization Good Clinical Practice E6(R2), 2011 
NCI Best Practices for Specimen Resources, N2 Canada 
Network of Networks Biospecimen Related SOPs, Tri- 
Council Policy Statement, Canadian Tissue Repository 
Network (CTRNet) SOPs and the Canadian Tumour 
Repository Network.18–22 The APCaRI Biorepository has 
been awarded certification as a quality- controlled biospe-
cimen bank by CTRNet.

Prediagnosis Cohort: APCaRI 01 Protocol
From 1 July 2014 to 30 June 2019, a total of 2293 patients 
referred for prostate biopsy or transrectal ultrasound 
(TURP) were consented and enrolled to APCaRI 01 prior 
to biopsy (table 3). APCaRI 01 does include patients who 
had prerecruitment biopsies; of the 1446 individuals in 
APCaRI 01 who had a positive biopsy anytime, 76 of these 
individuals (3%) had at least one benign biopsy before 
their positive biopsy. At baseline, 2264 (99%) completed 
the intake survey, 2050 (89%) had an initial body mass 
index (BMI) value recorded and 2259 (99%) had a 
completed PSA value. The median PSA was 6.3 ng m/L 
at intake (range 0.1–3857 ng m/L). Of these consented 
patients, 2259 (99%) underwent a diagnostic prostate 
biopsy and 1446 (64%) were found to have a carcinoma 
of the prostate with a Gleason score of ≥6. Patients diag-
nosed with PCa received the following not mutually 
exclusive treatments: active surveillance in 248 (17%); 
radical prostatectomy (RRP) in 541 (37%); cryotherapy 
in 62 (4%); external beam radiation therapy (EBRT) in 
287 (20%); brachytherapy in 108 (7%); chemotherapy in 
29 (2%) and androgen deprivation hormonal therapy in 
326 (23%).

Postdiagnosis Cohort: APCaRI 03 Protocol
From 1 July 2014 to 30 June 2019, a total of 1462 patients 
who had a prior diagnosis of PCa were consented and 
enrolled to APCaRI 03 (table 4). At baseline, 1438 (98%) 
completed the intake survey, 1220 (83%) had an initial 
BMI value recorded and 1435 (98%) had a completed 
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Table 1 Summary of dataset variables

Measure Details Source

Intake: baseline data

  Demographic information Date of birth
Race
Weight and height

Patient

  Family history of cancer Patient reported Patient

  Modified Charlson comorbidity index 
questionnaire

Patient reported Patient

Data updated annually for 5 years

  Medication questionnaire Current use of prescribed and over- 
the- counter medications, vitamins, 
supplements, etc.
Smoking history
Fasting status

Patient and clinical data abstraction

  Patient- reported health status IPSS
EPIC-26 SF
EQ- 5D- 5L

Patient

  Biospecimen information Collection and processing information APCaRI team

Diagnosis: clinical data sources are reviewed every 6 months and new data are entered in the APCaRI Registry as applicable

  PSA Three most recent values before 
histological diagnosis

Clinical data abstraction

  Pathology Complete pathology report from 
biopsy, TURP and/or radical retropubic 
prostatectomy
Gleason grade and score
Disease involvement and location
Clinical and pathologic staging
Margin status and invasion

Clinical data abstraction

  Imaging Bone scan
MRI
CT scan
Other

Clinical data abstraction

Treatment: clinical data sources are reviewed every 6 months and new data are entered in the APCaRI Registry as applicable

  Active surveillance Start and end date
Failure
Reason for failure
Treatment option

Clinical data abstraction

  Radical prostatectomy Date
Type of procedure
Nerve sparing
Surgical time
Blood loss
Complications

Clinical data abstraction

  External beam radiation therapy Date
Start and end date
Treatment intent
Goals of care
Type
Technique
RT volume
Dose
Fractions
Radionuclide
Complications

Clinical data abstraction

  Brachytherapy Date Clinical data abstraction

Continued
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PSA value. The median PSA was 6.5 ng m/L at intake 
(range 0.0–1189 ng m/L). A pathologic diagnosis of PCa 
was identified on prior biopsy in 1435 (95%) with the 
remainder diagnosed outside of Alberta, without avail-
able pathology. These data may be missing for various 

reasons including that the patient underwent a prostate 
biopsy in a different health jurisdiction.

These patients had previously received the following, 
not mutually exclusive, treatments: active surveillance in 
419 (29%), RRP in 417 (29%), cryotherapy in 99 (7%), 

Measure Details Source

  Cryotherapy Date
Type (primary/salvage)

Clinical data abstraction

  Androgen deprivation therapy Agent
Start and end date
Dosage
Intention of treatment

Clinical data abstraction

  Chemotherapy* Agent
Line of treatment
Start and end date
Dosage
Number of cycles
Treatment intent

Clinical data abstraction

  Clinical trials Agent
Line of treatment
Start and end date
Dosage
Number of cycles
Treatment intent

Clinical data abstraction

Survival and disease control: clinical data sources are reviewed every 6 months and new data are entered in the APCaRI 
Registry as applicable

  Disease progression Type of progression
PSA values and date
Date
Castrate- resistance status

Clinical data abstraction

  Metastasis- free survival Site
Date
Skeletal event

Clinical data abstraction

  Cause- specific survival Cause of death Clinical/administration

  Overall survival Date of death Clinical/administration

*Chemotherapy includes anti- androgens, hormones, corticosteroids and radioisotopes
APCaRI, Alberta Prostate Cancer Research Initiative; EPIC-26 SF, Expanded Prostate Index Composite, 26 Item, Short Form; EQ- 5D- 5L, five- 
level EuroQol Five- Dimension Questionnaire; IPSS, International Prostate Symptom Score; PSA, prostate specific antigen; TURP, transurethral 
resection of prostate.

Table 1 Continued

Table 2 APCaRI registry framework

Intake 5 years
Annually 
for:10 years

At changes 
in cancer 
symptoms or 
treatment for 
10 years

Continuing 
observations up to 
25 years

Initiation consent form signed X       

Intake survey X       

Patient- reported information X X X

Biospecimen collection X X X

Longitudinal health information X X X X

APCaRI, Alberta Prostate Cancer Research Initiative.
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EBRT in 433 (30%), brachytherapy in 99 (7%), chemo-
therapy in 50 (3%) and androgen deprivation hormone 
therapy in 526 (37%).

Patient and public involvement
Patients participating in this study were not involved 
in the design, recruitment, conduct or choice of what 
results to share or when and how to share them to the 
wider patient community. However, their healthcare 
professionals asked them whether they would be willing 
to participate in this study and they were advised as to 
the level of burden of intervention and the approxi-
mate time required to participate, in terms of length of 
survey response time and the number of potential years 
of involvement. Patients are encouraged to access study 
information, researcher profiles and published results 
on the APCaRI website as well as attend the APCaRI 
symposia held two times per year and patient represen-
tatives are invited to give patient- impact addresses at all 
meetings and public press releases. The APCaRI Registry 

and Biorepository began due to the fundraising actions of 
an patient with Albertan PCa and his wife. They identified 
a need for PCa research to be done in Alberta, to improve 
diagnosis, treatment and care for Albertan men and their 
families.

Findings to date
As of 30 June 2019, the numbers of PROMs in the 
Registry and donated biospecimens in the Biorepository 
combined from the pre and postdiagnosis cohorts, cate-
gorised by treatment type and disease state, are listed in 
tables 5 and 6, respectively. For both cohorts, there was 
close to uniform acquisition of biospecimens and comple-
tion of PROMs. PROMs’ collection was slightly higher 
than biospecimen collection because patients were given 
the option to answer the PROMs online and so could 
submit their data from other locales.

Verification of data entry accuracy was assessed by 
performing visual verification of accuracy and complete-
ness against source documents. Critical values including 
all data elements associated with the informed consent 
such as personal health number, date of birth, first and 
last name, address, phone number, email address and 
pathology accession number(s) were reviewed. Identi-
fied mistakes were corrected to reach an error level of 

Table 3 Participants in APCaRI 01 recruited prediagnosis 
of prostate cancer

Number of men in 01 protocol who 
consented as of 30 June 2019 2293

Prerecruitment biopsy 76 (3%)

Conversions 65 (3%)

Completed intake table 2264 (99%)

Completed BMI value at intake 2050 (89%)

Completed PSA value at intake 2259 (99%)

  Mean 10.78

  Median 6.3

  Range 0.1–3857.0

  SD 86.69

Biopsy not performed 34 (1%)

Diagnostic prostate biopsy 2259 (99%)

Biopsy positive for malignancy 1446 (64%)

Biopsy negative for malignancy 813 (36%)

  Gleason 6 410 (28%)

  Gleason 7 880 (61%)

  Gleason ≥8 141 (10%)

  Missing 15 (1%)

  Radical prostatectomy 541 (37%)

  Cryotherapy 62 (4%)

  Radiation (EBRT) 287 (20%)

  Radiation (Brachy) 108 (7%)

  Chemotherapy 29 (2%)

  Active surveillance 248 (17%)

  Androgen deprivation therapy 326 (23%)

APCaRI, Alberta Prostate Cancer Research Initiative; BMI, body 
mass index; EBRT, external beam radiation therapy; PSA, prostate 
specific antigen.

Table 4 Participants in APCaRI 03 recruited postdiagnosis 
of prostate cancer

Number of men in 03 protocol who 
consented as of 30 June 2019 1462

Completed intake table 1438 (98%)

Completed BMI value at intake 1220 (83%)

Completed PSA value at intake 1435 (98%)

  Mean 11.88

  Median 6.5

  Range 0.0–1189.0

  SD 46.14

Biopsy not performed 27 (2%)

Diagnostic prostate biopsy 1435 (98%)

  Gleason 6 493 (34%)

  Gleason 7 748 (52%)

  Gleason≥8 170 (12%)

  Missing 24 (2%)

  Radical prostatectomy 417 (29%)

  Cryotherapy 99 (7%)

  Radiation (EBRT) 433 (30%)

  Radiation (Brachy) 99 (7%)

  Chemotherapy 50 (3%)

  Active surveillance 419 (29%)

  Androgen deprivation therapy 526 (37%)

APCaRI, Alberta Prostate Cancer Research Initiative; BMI, body 
mass index; EBRT, external beam radiation therapy; PSA, prostate 
specific antigen.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2020-037222 on 16 O

ctober 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


7Vasquez C, et al. BMJ Open 2020;10:e037222. doi:10.1136/bmjopen-2020-037222

Open access

0%. Non- critical values include all other values that are 
not in the list of critical values. The number of partici-
pants to sample was equal to the square root plus one 
(√+1) of the total participants recruited into APCaRI.23 
Participants’ charts are randomly selected for visual veri-
fication of non- critical values by data entry clerks. Of 30 
June 2019, the APCaRI Registry clinical data entry error 
rates of 0.8%–0.95% are lower or similar to other clinical 
data repositories that have reported error rates of 0.5% 
to 6.4%.24 The error rate for APCaRI PROMs data entry 
was 1.8%, which is similar to the rate reported for the 
data entry of patient- reported outcome questionnaires 
of 1.01%–2.02%.25 The slight increase in error rate for 
the PROMs is a result of patients’ refusal to answer some 
of the questions. Blank fields are then counted as errors. 
The low error rates like the ones reported here highlight 

the dataset quality and accuracy and give end- users confi-
dence in the integrity of the data.24 26

Participants are given the option to withdraw from the 
study in different instances: (1) terminate ongoing biospe-
cimen and health information collection, including any 
contact from study coordinator or nurse, (2) terminate 
only ongoing heath data collection or (3) terminate 
only ongoing biospecimen collection. For the reporting 
period, a total of 142 (4%) participants withdrew partic-
ipation in the study selecting optional and 65 subjects 
(2%) chose option 3. As of 30 June 2019, 123 (3%) partic-
ipants passed away (table 7).

Strengths and limitations
Key strengths of the APCaRI Registry and Biorepos-
itory are listed below. The APCaRI Registry contains 
patient clinical data that is updated every 6 months and 
PROM and standardised QoL survey answers collected 
yearly. The APCaRI Biorepository contains high- quality 
serum, plasma, buffy coat, red blood cells, urine and 
semen biospecimens stored at −80οC following interna-
tional biospecimen storage and technical guidelines and 
recommendations. Biospecimens and clinical informa-
tion are collected both prospectively and longitudinally 
from potential and confirmed patients with PCa. The 
participants’ healthcare data and donated biospecimens 
are linked between the Registry and Biorepository that 
expands the scope of the data to include high- quality 
biological data and clinical data that include age, PSA 
levels, treatments used, treatment outcomes, biopsy 
results, PROM responses, comorbidities, disease state 
conversions and event dates to allow for rate calculations 
to be performed.

Key limitations in the APCaRI Registry and Bioreposi-
tory are listed below. The study was designed to be opt- in, 

Table 5 Number of men consented to the APCaRI 01 and 03 protocols (1 July 2014 to 30 June 2019) who donated 
biospecimens and PROM data to the APCaRI Biorepository and Registry respectively, at baseline and years 1–4, categorised 
by therapy type

Active
surveillance

Radical 
prostatectomy

Radiation 
therapy

Hormone 
treatment Cryotherapy

Total
n=

Number of patients 467 958 725 697 154 3001

Baseline 
biospecimens

463 941 716 686 152 2958

Biospecimens year 
1–4

543 1274 750 706 229 3502

Number of patients 
with disease 
progression

167 188 63 157 56 631

Disease progression 
biospecimens 
available

167 188 63 155 55 628

Baseline QoL 454 925 708 675 147 2909

QoL year 1–4 741 1638 1101 1011 285 4776

APCaRI, Alberta Prostate Cancer Research Initiative; PROM, patient- reported outcome measures; QoL, quality of life.

Table 6 Number of men consented to the APCaRI 01 and 
03 protocols (1 July 2014 to 30 June 2019) who donated 
biospecimens and PROM data to the APCaRI Biorepository 
and Registry respectively, at baseline and years 1–4, 
categorised by disease state

Advanced 
disease* Death

Total 
n=

Number of patients 340 144 484

Baseline biospecimens 333 139 472

Biospecimens year 1–4 357 79 436

QoL baseline 325 133 458

QoL year 1–4 441 93 534

*Advanced disease: includes metastatic disease and castration 
resistant prostate cancer.
APCaRI, Alberta Prostate Cancer Research Initiative; PROM, 
patient- reported outcome measures; QoL, quality of life.
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where participants must provide informed consent to be 
enrolled and thus it is not a population- based cohort. 
Recruited men represent less than 20% of the Albertan 
PCa population. Therefore, there is an inherent risk of 
selection bias limiting the generalisability of findings 
obtained in this setting to the whole population. However, 
the level of selection bias risk may vary depending on 
the health jurisdiction that the population is within. 
For example, the percentage of men recruited into the 
APCaRI 01 cohort who were then diagnosed with PCa 
after biopsy (64%) is similar to the percentage of men 
in the general Albertan population who are diagnosed 
with PCa after biopsy (approximately 60%), suggesting 
that the APCaRI cohort is representative of the general 
population. Other health jurisdictions though, such as 
the USA, UK and Australia, report percentages of men 
diagnosed with PCa after an initial biopsy, triggered by a 
≥4 ng/mL PSA level, to be as low as 20%–30%.3 27 28 This 
coincides with current information that PSA levels alone 
correctly identify PCa only about 25%–30% of the time 
and that PSA screening promotes unnecessary biopsies.3 
In Alberta, patient referral to a urological oncologist and 
a possible biopsy is triggered by a highly abnormal digital 
rectal exam (DRE), rapidly rising PSA levels or a PSA 
doubling time within 2 years or less.29 30 Therefore, the 
decision to biopsy due to suspicion of PCa is tempered 
with strong clinical evidence that positively correlates 
with the high percentage of biopsied men who are found 
diagnosed with PCa in Alberta.

Attendance at annual follow- up visits is a challenge for 
the APCaRI study, negatively affecting the percentage 
of biospecimens donated every year. Many of the partic-
ipants leave Alberta during the winter months making 
timely assessment of long- term biospecimens and QoL 
seasonally difficult. The present study is observational 
in nature and although statistical modelling was applied 
to increase the validity of results obtained, unmeasured 
confounding variables and selection biases remain legit-
imate threats to the validity of study findings. Available 
data sources for the present Registry contain data origi-
nally collected for medical care or billing purposes and 
not for research. In some instances, diagnosis and/or 
procedure codes may be incomplete and even inaccurate 
in these source documents resulting in the need to (1) 

increase human resources to access multiple databases 
and collect the required elements, (2) establish more 
stringent quality control measures to ensure data accu-
racy and (3) changes in staging and grading classification 
systems may occur during the long- term follow- up period 
that is required in the present study, resulting in misclas-
sification of some variables over time. These issues should 
be considered when planning investigations using this 
data.

Collaboration access to biospecimens and data
The APCaRI Science Committee, consisting of desig-
nated APCaRI members, meets ad hoc to process requests 
for biospecimens and/or deidentified data samples from 
principal investigators (PIs). APCaRI member meth-
odological experts are consulted, when appropriate, 
to discuss application relevance and integrity. Appli-
cations require a study- specific statistical analysis plan 
and undergo review by an APCaRI member statistician. 
Non- member PI biospecimen and/or data applications 
must include (1) home- institution research ethics board 
approval, (2) APCaRI Science Committee approval, (3) 
research protocol, (4) funding details, (5) PI’s curriculum 
vitae, 6) signed data and/or Material Transfer Agreement 
and (7) agreement to acknowledge APCaRI in publica-
tions and presentations that contain results or informa-
tion associated with the requested materials. On approval 
and when applicable, the biospecimens are shipped to 
the requesting laboratory, using the appropriate pack-
aging and conditions to retain stability. A researcher can 
request to access the Registry data and Biorepository 
biospecimens separately.

From the creation of the Registry and Biorepository 
in mid-2014, APCaRI has shared nearly 6000 biospec-
imen aliquots and clinical information with academic 
researchers from Alberta (Edmonton and Calgary), 
Ontario (Toronto, London), Quebec (Montreal), 
USA, Finland, China and Germany and with industry 
researchers in Canada and the USA. All requests for data 
and biospecimens met the criteria of the registry and 
biorepository and were granted.

To date, numerous publications have resulted from 
research supported by the APCaRI registry and biore-
pository that include an article describing the computer 

Table 7 Number of men recruited, withdrew (either fully, or data only or samples only) or deceased from the APCaRI 01 and 
03 protocols between 1 July 2014 and 30 June 2019

Recruited Withdrawn (full) Withdrawn (data) Withdrawn (samples) Deceased

1 July 2014 to 30 June 2015 621 0 0 0 2

1 July 2015 to 30 June 2016 1208 5 0 4 11

1 July 2016 to 30 June 2017 1035 34 0 21 30

1 July 2017 to 30 June 2018 708 60 0 20 38

1 July 2018 to 30 June 2019 182 43 0 20 42

Total 3754 142 (4%) 0 (0%) 65 (2%) 123 (3%)

APCaRI, Alberta Prostate Cancer Research Initiative.
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interface called PROSPeCT designed for simplified 
registry queries, the inclusion of registry data into the 
TrueNTH Global Registry, development of a multiomics 
biomarker pipeline from seminal plasma of patients 
with PCa and an analysis of the accuracy of PROM 
surveys.12 17 31 32 Several other manuscripts are in prepa-
ration and samples and data were also used to support 
numerous grant applications. In addition, research topics 
that were proposed by researchers who were granted 
access to the Biorepository include bone metabolism 
in metastatic patients with PCa, antibody development, 
discovery and validation of novel PCa diagnostic, prog-
nostic and predictive molecular biomarkers. Applications 
to access the Registry involved studies on estimation of 
cancer conversion rates from indolent/localised to clini-
cally significant or metastatic cancer; evaluation of long- 
term changes in urologic symptoms and QoL in men 
with prostate diseases; description of cancer outcomes, 
including treatment utilisation and adverse effects and 
disease- related events such as relapses, morbidity and 
hospitalisations and evaluation of the influence of comor-
bidities on long- term health risks.

Future perspectives
Access to high- quality biospecimens and linked longi-
tudinal patient clinical data and health information, 
including QoL and PROMs, is essential when conducting 
translational cancer research aimed at improving diag-
nostic tools leading to personalised therapy. Biospecimen 
usage in cancer research, as reported in cancer research 
journals, increased significantly over a 20- year time period 
and is predicted to continue to increase, alongside larger 
study cohort sizes.22 33 Biobanks are recommended to 
focus on quality and standardisation of the stored biospe-
cimens.34 35

Overall, the Registry and Biorepository have been 
successful in meeting all objectives; it operates on budget 
and has funding to continue for 5 more years. The APCaRI 
Registry and Biorepository will continue to recruit men to 
the cohort for another 5 years, until 2024 for a potential 
6000 recruited patients in total. Then for 5 consecutive 
years, we will focus on follow- ups of the original cohort.

The Registry and Biorepository data and biospecimens 
are being used in research that will improve patient 
care in the future. For example, a clinically useful data-
base query tool called PROSPeCT was designed to help 
determine patients’ responses to various clinical thera-
pies. APCaRI will also continue contributing to initiatives 
like TrueNTH as well as to validate the novel diagnostic 
blood tests to predict risk of PCa progression in partici-
pants under active surveillance as well as metastatic risk in 
participants’ pretreatment and post- treatment.

The goal remains to improve diagnosis, therapeutic 
practice and the lives of men with PCa and their families.
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