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Introduction
Contemporary disease biomarker discovery and validation are 
direct outputs from tissue and body fluids biobanks. Biomarker 
assays have evolved from simple immunohistochemical tech-
niques to multi-omic methodologies which have served to 
stratify cancers of a single organ system into a multitude of 
diseases.1-3 Through this stratification, novel targeted molecu-
lar therapeutics have been discovered that have proven to be 
effective in improving the prognosis of various biomarker-
identified strata.4-6 More recently, there have been a number of 
therapies developed that are considered to be tumour agnostic 
which are indicated entirely by biomarker status.7 These devel-
opments have catalysed the erosion of the organ specific para-
digm of cancer treatment.

In pancreatic ductal adenocarcinoma (PDAC), we are faced 
with significant challenges which include: late detection in 
patients with suboptimal performance status, inherent resist-
ance to therapy and a lack of clinically validated biomarkers 
which could serve to stratify patients into different therapeutic 
regimens.8 These challenges result in a relatively poor progno-
sis for PDAC patients with greater than 50% of patients 

presenting with metastatic disease and yielding an aggregate 
5-year survival probability of approximately 11%.9 Recent 
genomic and transcriptomic studies with tumour tissue have 
identified subtypes of pancreatic neuroendocrine tumour 
(PNET) and PDAC but a validated predictive biomarker 
remains elusive.10-12

In this article, we aim to: 1. Describe the current biobanking 
strategy employed by our group. 2. Explain how this strategy 
has served to inform our research priorities. 3. Illustrate the 
potential pitfalls associated with the constantly evolving land-
scape of the cancer research environment. 4. Argue that strate-
gies which can accommodate the inevitable changes associated 
with constant innovation can position teams to succeed in 
unexpected ways.

Prospective and Retrospective Biobanking in the 
Context of Pancreatic Cancer
The process for prospective recruitment targets patients under-
going resection for PDAC. They are approached at the time of 
surgical consult to provide pre-operative informed consent to 
participate in the biobanking process. Patients may choose to 
consent during the pre-operative consult or take the form 
home for consideration. If a patient has not chosen to consent 
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before surgery, their specimen will be excluded from the 
biobanking process. Our consent success rate is greater than 
90%. We attribute this high rate of success to the clinicians 
who explain the benefits of biobanking to the patients. In the 
Vancouver Coastal Health Region, we see approximately 100 
cases of resected PDAC each year. Of these, approximately 
75% have residual tissue not needed for diagnostic purposes 
and can therefore be utilized for biobanking activities. Tissues 
from tumour and adjacent grossly uninvolved pancreas are 
selected, aliquoted, snap-frozen in liquid nitrogen and stored at 
–80°C until utilized. Corresponding samples are also taken for 
formalin fixed paraffin embedding (FFPE) and are sectioned 
for haematoxylin and eosin (H & E) staining. For all consented 
patients where tissue was acquired for biobanking, blood sam-
ples are processed to extract serum, plasma and buffy coat ali-
quots which are also snap frozen and can be used for proteomics, 
circulating tumour DNA and as a source of germline DNA 
respectively.

The process to embed the prospective biobanking process 
into the clinical workflow required the recruitment of dedi-
cated staff to attend to fresh specimens received in anatomical 
pathology. These individuals were trained in blood processing, 
grossing and the non-destructive sampling of resection 

specimens. On-call pathologists are available to assist with 
specimens where sampling might compromise the ability for 
accurate assessment of tumour margins or other elements 
essential for an accurate diagnosis.

Corresponding patient-level clinico-pathologic and out-
come data are also collected and are summarized in Table 1. 
These data are obtained from the electronic medical record. 
Where synoptic data are unavailable, narrative reports are coded 
by individuals who are sufficiently trained in medical terminol-
ogy. The codes are developed in consultation with a biostatisti-
cian who supervises the analyses performed by the research 
group. The choice of these data elements is derived from our 
experience with diagnosing and researching of the disease. We 
acknowledge that there are elements missing from the mini-
mum reporting datasets such as the College of American 
Pathologists or the Royal College of Pathologists. We have 
found that elements we have chosen to exclude have similar val-
ues across the vast majority of patients and therefore do not add 
information at the time of multivariable statistical analysis.

Our strategy for retrospective collection follows a similar 
pattern to that outlined for prospective collection. Given the 
relatively poor prognosis of the disease and the fact that the 
majority of patients were already deceased at the time of cohort 

Table 1. Description of patient specific data fields for pancreatic biobank specimens.

VARIABLE DESCRIPTIon

Age (years) Calculation: (Date of diagnosis - Date of birth)

Sex Sex at birth

Date of diagnosis Date: (dd-mm-yyyy)

Date of progression Date: (dd-mm-yyyy)

Date of last follow-up Date: (dd-mm-yyyy)

Status at last follow-up Vital and disease status at most recent chart review

neoadjuvant chemotherapy agents List of therapeutic agents or institution specific regimen

Adjuvant chemotherapy agents List of therapeutic agents or institution specific regimen

Palliative chemotherapy agents List of therapeutic agents or institution specific regimen

Tumour sitea Location of tumour in the resected specimen

Histologic typea Variant of pancreatic ductal adenocarcinoma

Histologic gradea Extent of glandular differentiation

Lymphovascular invasiona Presence of lympho-vascular invasion

Perineural invasiona Presence of perineurial invasion

Primary tumour pT-stagea Extent of disease in the resected specimen

Regional lymph node pn-stagea Presence of lymph node metastasis

Distant metastasis pM-stagea Presence of peritoneal seeding or positive cytology

Resection statusa A summary of tumour involvement for 1 or more margins

aAdopted from the College of American Pathologists Protocol for the Examination of Specimens From Patients With Carcinoma of the Pancreas <https://documents.cap.
org/protocols/cp-gihepatobiliary-pancreasexocrine-20-4100.pdf>.

https://documents.cap.org/protocols/cp-gihepatobiliary-pancreasexocrine-20-4100.pdf
https://documents.cap.org/protocols/cp-gihepatobiliary-pancreasexocrine-20-4100.pdf
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assembly, we obtained a waiver of consent from the university 
ethics board allowing us to proceed without consent of subjects 
or their next of kin. The cases were chosen based upon sample 
availability and the inclusion criterion was any patient who had 
a Whipple’s procedure (pancreatoduodenectomy) whose FFPE 
samples were available from the archives. There were a multi-
tude of non-PDAC diagnoses such as ampullary carcinoma 
and neuroendocrine tumours which we elected to include in 
the retrospective collection. Duplicate 0.6 mm core tissue 
micro-arrays were constructed for: tumour epithelium, tumour 
associated stroma and adjacent uninvolved normal appearing 
pancreas. Pancreatic Intraepithelial Neoplasia (PanIN) TMAs 
were also constructed using a 2 mm coring needle and a maxi-
mum of 3 lesions were taken per case. A limitation of this 
resource was the lack of high grade genomic DNA as blood 
samples are not routinely kept by the lab. The retrospective 
cohort utilizes the same data structure as for the prospective 
cohort specified in Table 1.

Biobanking Resources as a Research Guide and 
Facilitator
The approach we used for the establishment of biobank 
resources has served to guide our research endeavours. Our first 
overarching goal as a research group was to add knowledge, in 
the form of biomarkers, to improve our ability to prognosticate 
PDAC patients. Studies that used a histomorphology approach 
included: confirmation of the suspicion that, analogous to 
colorectal cancer, tumour budding was an independent predic-
tor of poor prognosis,13 and that low gland or neutrophil infil-
tration was associated with poor prognosis.14 Subsequent 
immunohistochemistry studies that followed included: the 
identification of mismatch repair deficiency as a marker of 
therapeutic resistance to adjuvant chemotherapy with a pyrim-
idine analogue, a study confirming human equilibrative nucle-
oside transporter 1 (hENT1) is a predictive biomarker for 

sensitivity to gemcitabine and that expression of programmed 
cell death ligand 1 (PDL1) is a low prevalence phenomenon 
and an independent marker for poor prognosis in PDAC.15-17

Utilizing our approach to include several pancreas associ-
ated malignancies on our TMAs yielded an ability to compare 
protein expression between variants of ampullary carcinoma 
and established the rationale to differentiate intestinal from 
pancreatobilliary variants.18 Initial findings from our TMA 
also identified biomarker driven prognostic differences in pan-
creatic neuroendocrine tumours which formed the basis for a 
whole genome and transcriptome study.19 The strategy of not 
limiting the construction of a TMA to a single diagnosis within 
an organ site has served to produce information on what are 
best classified as severely understudied disease entities. It has 
also served to broaden our ability to collaborate with research-
ers outside of our core group.

Emerging Research Areas and the Advantage of 
Being Nimble and Adaptable
The core prospective and retrospective resources described pre-
viously have the ability to serve tumour-based multi-omic 
approaches to target discovery, identification of biomarker spe-
cific strata and validation using clinically practicable assays.20 
This translational medicine cascade is illustrated in Figure 1. It 
is important to note that the workflow depicted in Figure 1 has 
multiple entry points allowing for several groups to participate 
in the translational medicine pipeline for a given biomarker. 
Additionally, a discovery cohort can yield multiple biomarker 
leads. Those leads can be further investigated by a different 
group with a separate validation cohort. This approach serves 
to enhance external validity thereby lending increased credibil-
ity to the research findings.21 In the cancer literature, an 
increasing number of studies are using discovery and validation 
cohorts to substantiate their results and make the argument for 
clinical translation.22-24

Figure 1. A representation of the translational medicine pipeline and how cohorts derived from biobanks are the core starting points for discovery and 

validation.
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Recent research has suggested that tumour-tissue specific 
nucleic acids are not the only component where clinically rel-
evant biomarkers exist. The microbiomes of both the gut and 
the tumour of PDAC patients have been shown to harbour 
potentially valuable diagnostic and prognostic informa-
tion.25,26 The composition of the gut microbiome has also 
been implicated as a modulating factor affecting the response 
to immunotherapy in cancer patients.27 In response to this, our 
group has added the systematic collection of faecal material to 
our prospective biobanking activities. It has been asserted that 
faecal assessment of the gut microbiome is an imperfect 
method to assess the exact flora present in the gut.28 However, 
we hold the view that the benefits of a minimally invasive 
approach outweigh the increased precision of more invasive 
methods, specifically in terms of risk to the patient and prac-
ticability when viewed through the lens of cost-benefit. By the 
application of statistical thinking, we are of the opinion that 
once a sufficient number of faecal samples are investigated, the 
likelihood of detecting a biologically meaningful signal will 
shift from possible to probable.

Recent research has also identified that metabolites found 
in urine detected through field asymmetric waveform ion 
mobility spectrometry may be used to differentiate PDAC 
patients from healthy controls.29 This study demonstrated a 
fairly high sensitivity of 91% but at the expense of specificity 
(49%) when chronic and acute pancreatitis samples were com-
bined with PDAC and compared against controls. The study 
recruited 182 patients but was arguably powered only for com-
parisons between PDAC and controls which yielded relatively 
good differentiation between the groups with sensitivity and 
specificity of 79% respectively.

Based upon these emerging areas of research, we are adding 
systematic collection of faecal and urine samples to our biobank 

collection protocol. The ability to expand the scope of our pro-
spective biobanking activities with manageable effort allows us 
to diversify our focus from tumour tissue derived findings to 
research questions focussed on early detection, mechanisms of 
resistance and drug interactions. This will position our group to 
be a key participant in these emerging research areas in the 
years to come.

Following the Path of Discovery to Build the Mosaic 
of Knowledge
Our current biobanking process is illustrated in Figure 2. The 
flow from sample collection to patient level information allows 
for a comprehensive information resource which provides 
clinical context for scientific discoveries. As for Figure 1, more 
than 1 entry point exists for biobanking. As most patients with 
PDAC do not present with resectable disease, metastatic tis-
sue may be collected and utilized for genomic studies as is 
being done for the clinical trial: Prospectively Defining 
Metastatic Pancreatic Ductal Adenocarcinoma Subtypes by 
Comprehensive Genomic Analysis (clinical trial identifier: 
NCT02869802).30 In this trial, tissue derived through addi-
tional biopsies from metastatic patients is also used to estab-
lish organoids. Tight integration between the clinical and 
research teams ensures that the specimens are transported 
from the clinic to the research lab in a timely fashion. This has 
yielded over 10 stable oragnoid cultures so far, with many 
more in development.

The collection of information is only the first step in the 
formulation of knowledge. There must be a deliberate strategy 
to integrate this information in order to discover contingencies, 
effect modifications and modulations and develop models with 
solid statistical foundations that have the potential to improve 
outcomes for patients. To accomplish this, a bi-directional 

Figure 2. A biobanking schematic along the disease course of a pancreatic cancer patient. Items in bold represent specimen collection opportunities.
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information system must be employed. Merely collecting sam-
ples and associated information in a database does not help to 
generate knowledge. Information should not only be collected 
but used and dispersed according to ethical and governance 
guidelines established by a biobank. This is an evolving area  
of research for which few studies have explicitly examined the 
biobanking governance processes.31 Our biobanking govern-
ance is administered through a committee composed of lead 
investigators, researchers and a statistician. We evaluate 
requests for specimens and data on an individual case basis and 
judge the merit of requests based upon criteria such as prelimi-
nary research and the number of samples requested. We favour 
studies that have substantial in-vitro mechanistic evidence, a 
high degree of clinical relevance and subsequent translational 
potential. While we do not advocate for a 1 size fits all approach 
to biobanking governance, we believe that there are most likely 
a set of common principles utilized by biobanks. Increased 
transparency of those processes is required to provide opportu-
nities to share improvements across the biobanking spectrum. 
To do so will enhance the possibilities of harmonization across 
resources.

To react to the ever changing clinical research landscape, 
the collection and distribution of information through data 
storage and management solutions must be adaptive in nature. 
This is especially true in gastrointestinal malignancies where 
new assays are being implemented such as BRAF testing and 
other genetic based panels. Databases should focus on user 
interface designs that are intuitive for end users. The rationale 
for this approach is to empower the individuals entering the 
data to be more comfortable using the system. The system 
should not be imposed upon them but developed with them 
in a cooperative manner. The goals should be efficiency and 
accuracy of data input thereby yielding reduced cognitive bur-
den for data entry personnel. For instance, the use of pre-
populated value lists for data fields helps ensure that valid 
data are entered and thereby reduces data cleaning at the time 
of analysis. Additionally, an efficient data interface is likely to 
yield higher compliance rates for the timely completion of 
retrospective data entry from the electronic medical record.32 
This is how our biobanking model operates due to the nature 
of emerging data through the diagnostic, treatment and fol-
low-up processes. The development of our user interface was 
derived through a trial and error process and although the 
process was arduous, it resulted in a product that left users 
feeling empowered. Querying of the database should be able 
to be performed by personnel that are not information tech-
nology professionals. Research questions should be able to be 
addressed by researchers without the requirement to have 
specialist staff devoted to running a biobanking database. The 
database should also be able to be modified with minimal 
effort through the ability to add fields, alter value-lists that 
populate fields and rectify other user interface issues that can 
detract from usability.

Challenges and Opportunities for Biobanking in 
Low-Incidence Cancers
Our experience with biobanking in the pancreas has been an 
evolving process. As with other low-incidence malignancies, 
the complexity of the questions we can ask is limited by the 
materials available for study. To compensate for this, we have 
elected to adopt a comprehensive approach to biobanking that 
gathers as much as possible from a patient and to ask questions 
from different perspectives. The possibility of measuring risk of 
disease progression from an assay based on urine would serve to 
reduce burden on the patient and would likely reduce health-
care costs. A faecal based test to assess the composition of the 
gut microbiome may serve to inform if concomitant agents 
should be administered to enhance the activity of anti-cancer 
immunotherapy. A topic that is starting to emerge is the crea-
tion of organoids derived from metastatic PDAC patient biop-
sies. The potential for doing compound screening to inform 
off-label treatment is a tantalizing prospect.

The evolution from high throughput genomics and tran-
scriptomics associated with studies in high-incidence malig-
nancies to the necessity to adopt more nuanced approaches 
applicable to low-incidence malignancies has spawned new 
technologies and approaches. Through these innovations, we 
are slowly starting to move the needle in the right direction for 
PDAC patients. We encourage other researchers to consider an 
approach to biobanking that involves nimble, integrated and 
wide-range biospecimen and associated clinical data collection. 
Such an approach will best utilize patient donated material, 
and ultimately capitalize on patients’ contribution towards 
research and discovery that will help improve outcomes for 
future patients.
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