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Introduction: biospecimens and the changing 
nature of translational genomics

It is considered that understanding the genetic basis of human 
disease will guide translational research and determine future 
patient treatment courses. For over a decade translational 
research has shifted from genetics, the study of individual 
genes in an organism, to genomics, the study of the complete 

set of genes within a single organism (1). Cancer is a genetic 
disorder. Over the past two decades, our understanding of 
genomics has begun to directly impact the way we diagnose, 
risk stratify and treat cancer. Before the genomic era, cancer 
was classified by site of the origin in the body. Now it is by 
the prototypic surface markers, gross karyotypic changes 
and selected DNA/RNA markers (2). Consequently, novel, 
less toxic and personally directed treatment strategies have 
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been designed that target the specific genetic alternations 
for the cancer (3). Furthermore, the widespread use of 
genomic technologies, in particular next generation 
sequencing, has dramatically enhances the understanding 
of drug resistance and offer rationales for combination 
therapies (2). 

The ‘genomics era’ is considered to have begun with 
the commencement of the Human Genome Project 
when advancements in technology led to high-through-
put sequencing of DNA and RNA. With its promise of 
personalised medicine the focus on the need for human 
tissue within our research culture has never been so 
heightened. Indeed, translational genomic studies can only 
be established when human tissue samples are available for 
analysis. This inextricable requirement for tissue during the 
genomics era led to the growing interdependence between 
genomics researchers and clinical practitioners. This two-
way or cyclical relationship between domain experts in 
the sequencing laboratories and the medical clinics now 
underpin the translational potential of the technological 
developments in genomics (Figure 1). 

Biospecimens are now proven to be essential elements 
for successful translational genomics research especially 
within this relationship. Not only does the biospecimen 
contain the genetic material to be sequenced by the 
genomic researcher, but when put in context with the 
patient pathological and clinical records creates a rich data 

source with which to understand a patients disease. Hence, 
the systematic collection of tissue samples into ‘biobanks’ 
has become a fundamental activity in many medico-
research centres (4). The development of biobanking as a 
standalone scientific discipline is well advanced yielding a 
new population of professionals specifically experienced 
in governance, regulation, ethics and values, law, project 
management, marketing, business, science and all pathology 
disciplines required for tissue resourcing.

During the genomics era the necessity for more extensive 
biobanking infrastructure and operations has emerged (5). 
A strong theme in the biobanking literature is as “there is 
a need for large numbers of samples to provide statistical power 
to research studies…..a single biobank cannot provide sufficient 
numbers of samples to capture the full spectrum of any disease.” (6). 
As translational genomic research became an international 
collaborative effort, broad based national and international 
biobanking networks have become common place (7). For 
example, in 2010, the Pediatric Cancer Genome Project 
was launched by St. Jude Children’s Research Hospital and 
The Genome Institute at Washington University, with the 
goal of sequencing the whole genome of 600 paediatric 
tumours and matched non-tumour samples (3). It is strongly 
anticipated that data from such extensive investigations will 
dramatically enhance the understanding of paediatric cancer 
and affect our clinical management of patients. Similarly, 
the International Cancer Genome Consortium (ICGC) 

Figure 1 Translational research cycle.
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established standardised biobanking practice as an initial 
phase of its strategies to which adherence was mandatory 
for inclusion in the wider sequencing project (8).

How are current genomic studies affecting 
biobanking?

As genetic studies exploring single ‘candidate’ genes or 
undertaking step-by-step approaches like positional cloning 
make way for high-through-put multiplex PCR, microarray 
based techniques or one of the wide range of next 
generation sequencing platforms, the ability to generate 
massive amounts of genomic data in now occurring in 
rapid time. This requires different analytical strategies and 
experimental designs. Rather than studying one genetic 
region in depth on the basis of a hypothesis driven strategy, 
the high-through-put techniques associated with current 
genomic studies has led to ‘screening’ based experiments 
with technology-driven generation of the data and the 
subsequent exploration of the data for interesting patterns 
and trends and for disease ‘biomarkers’. 

That genomic studies generate large amounts of data 
has presented novel issues with the design of these studies 
which has consequential effects on biobanking pathways. 
The ‘curse of dimensionality’ (9), where the number of data 
points gathered for each sample far outweigh the number 
of samples available leads to a high a high false positive 
rate. The immediate solution is for the establishment of 
national and international biobanking networks and the 
systematic collection of large numbers of tissue. However, 
with genomics yielding millions of polymorphisms per 
sample it is difficult to see how even this can yield the 
numbers required to meet current power requirements. 
Further, genomic complexity impedes the ability for data 
models to generalize across sample cohorts sufficiently well. 
For genomic markers found during analysis to be validated 
using downstream techniques requires ample samples to 
be stored in different formats (e.g., frozen, formalin-fixed, 
fresh) to allow the full spectrum of analysis for protein 
products as well as genes. 

At the commencement of the genomics era, study 
design aimed to identify key features in simple, more 
defined and easily controlled systems like cell lines. These 
features would then be explored in biospecimens to see 
if the candidate gene was present within the tissue. With 
the genomic era this was reversed. Biospecimens are 
no longer seen as the environment to test whether the 
researcher’s candidate gene data is meaningful. Rather, 

translational genomics see the biospecimen itself as the 
data. This data is now easily extracted, deciphered and 
organised for further interrogation which often takes place 
in defined experimental models like cell line or animals. 
Moreover, there is also an imperative for the biospecimen 
to be linked to a full range of patient clinical data and their 
clinical treatment so that the data can be interpreted with a 
translational intent. With the genomics era, the main ‘tool’ 
used by the biobanker is not the freezer, but the database. 
The value of a biobank is not just based on sample holdings, 
but on diagnostic, demographic, tissue processing metrics 
and clinical data collected that is subsequently associated 
with the samples and indeed the patients. To this end, tissue 
sample can be viewed as ‘little packages of information’ 
making biobanking as much an informatics problem as a 
pathology problem. The true value of a biobanks is bound 
up in the information they supply, and should be acting as 
‘hubs’ of valuable data, requiring intricate IT backbones to 
support this activity. Unfortunately many biobanks rely on a 
piecemeal database systems, generally capturing information 
about the tissue specimens in a manner removed from the 
patient records. Regardless, advances in genomics have 
highlighted the data potential of biospecimens and the value 
of systematic biobanking activity to translational research.

How should biobanking affect current genomic 
studies?

The advancement of biobanks as specialist research 
facilities is evidence of the growing recognition that 
stores of human tissue provide enticing opportunities 
for researcher to explore their new discoveries in light of 
potential clinical applications. It is difficult to say whether 
the growth in the prevalence of biobanking has been 
driven out of a need to translate our research findings 
into clinical practice, or whether the increased motivation 
for medical researchers to undertake translational 
investigations has been driven by the opportunity forded 
to them by the establishment of biobanks. As biobanking 
is becoming integral within clinical services and trials, we 
are seeing that, in essence, the practice of biobanking is 
causing a culture change within our clinical institutions. 
Translational research is becoming more and more an 
extension on patient healthcare practices, and provides 
greater opportunity for clinicians to learn from past 
patient experience and derive new knowledge which will 
influence how the next cohort of patients will be treated. 

Biobanking  emerged  as  a  prac t ice  bu i l t  upon 
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investigator-driven activity, essential due to researchers 
need for quality tissue to answer their specific questions. In 
this situation ‘pull out biobanking’ where biospecimens are 
retrieved from within clinical services and transferred to a 
specialist ‘biorepository’, which are often placed within the 
research centres or an off-site centralized facility, away from 
the immediate collection source (pathology department, 
medical clinic). It is recognised that this environment does 
not always lend itself to clear and greater access to tissue 
specimens (10), in particular as hospital ethics boards 
need to approve and monitor the biorepository as well as 
the research initiatives it supports (Figure 2A). Through 

the genomics era however, we have seen a call to ‘push out 
biobanking’, the institution-driven activity where biobanks 
operate as an extension on routine hospital practice that 
leverages established pathways to ensure tissue samples and 
related clinical data are accessible for research projects. 
Biobanks within this model are built on standardized 
practices, are patient focused and require the health 
providers to enable biobanks within their local sites but to 
engage with researchers to ensure appropriate and ethical 
use of tissue in research. Further, the specimen data about 
tissue processing, storage condition and researcher access 
that would be stored within a biobank becomes part of 
the patient record (Figure 2B). In doing so, throughout 
the genomics era, biobanking has allowed the potential of 
the genomic information within the biospecimens to be 
explored and understood directly in the patient context. 

Translational genomics for childhood cancer: 
the rare diseases paradigm

With the increased number of genomic studies into cancer, 
it is considered that the availability of biospecimens will 
become the rate limiting step (11). Despite the efforts 
in international biobanking, translational genomics is 
hampered when there low numbers of biospecimens for a 
particular disease and there are necessary long collection 
times required. This is most apparent for paediatric 
cancer as it is considered a rare disease. A ‘rare disease’ is 
defined by (12) as having a prevalence 500 per million and 
often manifest in newborns or children. The clinical 
burden of rare disease is often exacerbated by a lack of 
specific treatment for patients and, with the prevalence 
of paediatric cancer in Australia being 160 cases per 
million for all cancer types, this is never a more relevant 
paradigm. Childhood cancer is the leading cause of 
disease-related death among children and adolescents 
(ages 1 to 19 years) (13). Worldwide, the estimated 
incidence rate is more than 175,000 per year and the 
mortality rate varies from 20% (in developed countries) 
to 80% (in developing countries). Paediatric cancers are 
very different from adult’s cancers in type, underlying 
pathogenesis, biology, response rate and outcome. 
Paediatric cancers are mainly embryonic in origin and are 
often the result of DNA changes in cells during the early 
stage of life. 

When addressing the need for tumour biospecimen 
procurement to support translational genomics into 
paediatric cancer, researchers are left with two main 

Figure 2 Models of biobanking. (A) Pull-out biobanking; (B) push-
out biobanking. The red arrows represent the specimen and data 
flow. The blue shaded areas entitled ‘Ethics’ represents the extent 
of institutional research ethics committee oversight over sample 
distribution between the hospital, the biobank and the researcher 
in relation to the two models.
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options. Firstly, researchers are required to perform 
worldwide sweeps of material that may have already been 
collected. This will require international collaboration 
and data integration from different centres to achieve the 
critical mass required (14). In this situation the challenge 
for the experimenter is negotiating the different collection 
practices of biobanks and ensuring that any differences 
doesn’t introduce a bias or confounder to upstream data 
analysis. Capturing consistent sample-matched clinical 
data across multiple centres prove the most difficult as 
there is considerable variance in records management 
practices as well as different stringencies around local 
privacy regulations. 

Secondly,  solut ions have been sought through 
networking of biobanks that have a common function and 
purpose (6,15,16). Through networking, the promotion, 
optimization and dissemination of quality material and 
associated data to scientific users as well as biobank-
pertinent knowledge and know-how would meet the 
collective needs of translational genomics researchers. 
The challenge is to ensure that biobank linkage or 
interoperability is seamless and scalable as the network 
grows. The difficulty is the need for extra layers of 
regulation, management and infrastructure that are 
required to allow networked biobanks to communicate and 
function together.

Keeping it simple: the role of a single institution 
biorepository

Clearly, there is a call for biobanking practice to be 
responsive to the current experimental needs of the time 
and more expansive systems for tissue procurement are 
being called for to meet international demands (14). 
The current dialogue poses that translational research 
is dependent on ‘harmonized’ biobanking practices that 
function as a major system within national and international 
research agendas. 

“We are moving to a future where biobanks, existing 
biorepositories and reference databases will be linked and 
networked for research purposes in ways that has not been possible 
before.” (6). 

“There is a growing recognition that a common strategy is 
imperative to develop biobanking globally and effectively.…..
fuelling opportunities for biobanks to ultimately become integral 
parts of health-care systems in many countries.” (7). 

In this ‘brave new world’ of international biobanking 
superstructures, what can be learned from the past 

exper iences  o f  loca l  b iobanks?  Do ins t i tu t iona l 
biorepositories have a place in the modern translational 
genomics, or should they all be superseded into major 
networking infrastructure or larger collaborative efforts for 
them to have an impact? If this is truly the case, what role 
does a single institution biorepository play in the current 
highly networked world of translational genomics. Here we 
describe such a case.

The Tumour Bank at The Children’s Hospital at 
Westmead (TB-CHW) in the western suburbs of Sydney 
was formally established in 1998 with the financial assistance 
of benefactor funds donated to the Oncology Department to 
support research. Operating as a single institutional biobank 
within The Children’s Hospital at Westmead, the TB-
CHW is a biorepository that co-ordinates the collection, 
storage and distribution of paediatric biospecimens 
including paraffin-embedded formalin fixed tissue, fresh 
frozen tumours, bone marrow aspirates, cerebrospinal 
fluid and peripheral blood samples donated by patients and 
obtained through the normal clinical management pathways 
operating through the hospital. The TB-CHW follows 
an open access policy and is available to all researchers. 
Specimens are made available to researchers from around 
the world through an application process that is overseen 
by the institutional Tumour Bank Committee, Human 
Research Ethics Committee and Governance Department. 
Further, related tissue handling expertise is provides by TB-
CHW technical personnel including pathology validation 
with cellular, genomic, and proteomic preparation and 
quality assurance analysis. Customized collection and 
processing of tissue for prospective studies or clinical trials 
is also supported. Consequently, as a key resource for 
translational paediatric cancer research, the TB-CHW has 
developed into a vital biospecimen repository for the cancer 
research community. 

The TB-CHW has been operating throughout the 
genomics era during which time it has increasingly found 
itself having a vital role in the establishment of translational 
genomics for paediatric cancer. It needs to be born in 
mind that the decision to collect samples into the TB-
CHW precedes the research questions being asked. At the 
TB-CHW, samples are not collected for specific studies 
but rather during the course of patient management as a 
routine activity. Staff, embedded within the institution, 
follow standard operating procedures derived in-house and 
refined over time. The experience gained by the TB-CHW 
in meeting the needs of researchers during this period 
has been informative to the present calls for expansive 
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biobanking.
Here we detail metrics that demonstrate how a single 

institution biorepository, in its own right, has been a strong 
participant in the advancement of translational genomics 
throughout the genomics era. We demonstrate that simple 
biobanking practices, when performed well, are often all 
that are required to meet the needs of major efforts with 
genomics and will enable the advancements expected for 
translational research. Furthermore, we illustrate how a rare 
diseases biobank can facilitate the inclusion of small groups 
of patients into significant international studies conducted 
within the major research centres around the world. For 
our evaluation we considered research to be included as any 
project conducted within the last 15 years that investigated 
studies investigating single genes, genetic signatures, whole 
genome data or epigenetic markers (e.g., methylation). 
As there is still no universally accepted means to measure 
biobanks contribution to research (17), we have gauged the 
success if the TB-CHW with these studies using a simple 
work flow process: (I) the specimen distribution including 
numbers of samples; (II) where the research were conducted 

and what studies did they contributed to; (III) were the 
outcomes published and what was the quality of the 
publication and did the knowledge gained lead to further 
research, contribute to clinical trials or change in patient 
management practice.

Contribution to research: national and international 
distribution profile

The TB-CHW has supported a total  84 projects 
undertaken by researchers located around the world. 
Among them more than 68% (n=57) were considered as 
gene or genomic based studies. Studies considered for 
further discussion involved techniques used to explore 
single genes (PCR), genetic signatures (multiplex PCR, 
microarray), whole genome (next generation sequencing) 
and epigenetics (e.g., methylation). The TB-CHW did not 
experience a strong ‘ripple effect’ of sample distribution 
from local researchers to regional to national and then 
international users (Figure 3A). Indeed, primary centres 
from the USA and Europe were some of the initial users 
of the TB-CHW as it was gaining momentum locally 
and throughout Australia. The TB-CHW does not have 
a passive marketing approach. Rather its mandate is to 
actively promote our collection to leading researchers 
whose investigations are deemed likely to benefit from 
inclusion of the specimens we have in store and whose 
results will benefit the broader understanding of paediatric 
malignancy. Through this direct approach, the TB-CHW 
has been active contributors to a range of leading research 
activities performed in institution from around the world 
(Figure 3, Table 1).

Within the changing nature of translational research, 
the TB-CHW has supported study designs that have 
shifted from gene based assessments to whole-genome 
interrogations (Figure 4). Since the commencement of our 
activity, gene based research was restricted to the validation 
of the role of candidate genes or small gene families. With 
the genomics era commencing a shift in focus emerged with 
researchers performing microarray based studies seeking 
samples. This led to more exploratory, less hypothesis-
driven studies that delved into gene expression data. At 
this point biobanked primary tumour that had been flash-
frozen in liquid nitrogen were in high demand partly due 
to the nature of the technology as much as the research 
questions being asked. As microarray technology advanced 
applications were developed that assessed DNA sequence 
polymorphism and germ-line variation to understand 

Figure 3 Sample distribution and scientific output in relation to 
international regions. (A) Sample distribution in each international 
region each year; (B) scientific output in each international region 
each year. Each segment in the chart showed one individual project.
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Table 1 Study publication and output

Project 

number
Disease type Study type

Percentage of tumour 

bank samples (%)

Publication

year

Impact 

factor

Citations

Jan 2015
Reference

2 ALL, AML qPCR 100 2006 2.7 (18)

4 Sarcoma, AST ISH 16 2005 8.2 (19)

5 NB MA 84 2004 9.3 166 (20)

NB ACGH 22 2004 4.0 84 (21)

NB MA 40 2005 8.6 41 (22)

NB BI 2005 17.9 33 (23)

NB, RMS, ES MA 80 2007 9.3 73 (24)

6 ALL MA 100 2004 4.0 30 (25)

ALL MA 100 2007 2.7 13 (26)

ALL MA 100 2008 9.8 7 (27)

7 MB qPCR 76 2004 17.9 (28)

8 NB MA 12 2004 1.9 5 (29)

NB CGH 9 2004 5.3 (30)

9 NB, PCC, WT EPI 25 2005 4.8 94 (31)

NB, VAPCC, SPCC EPI 34 2005 4.9 72 (32)

Table 1 (continued)

heritable differences in patients, applications received 
by the TB-CHW similarly shifted to requiring ‘normal’ 
samples. Peripheral blood collected by the TB-CHW as 
part of its routine practice then became highly sought after 
specimens. Further refinement of the technologies designed 
to interrogate deeper levels of genomic regulation including 
miRNA screening and epigenetics (e.g., methylation) 
requests  returned to requiring primary tumours. 
Throughout these periods, most studies were adequately 
supplied through the TB-CHW with samples collected 
retrospectively. In few cases ongoing collection and 
prospective provision of samples to a study was required.

To demonstrate the TB-CHW ability to provide a 
consistent distribution of tissue throughout the genomics 
era, Figure 4 shows the sample collection time lines for each 
study supported. It can been seen that for most studies, 
sample provided had been collected over an extended period 
with some cases, principally those using paraffin embedded 
tissue sourced from the hospitals pathology archive, 
collections from a 20 year period or more being supplied. 
The average collection period is 138±69 months or over a 
decade. At the extremes, only 3 (5%) studies utilised samples 
collected over a period of no more than 24 months whilst 
17 studies (27%) received samples collected over a period 
of 15 years or more (Figure 4). This range of distribution 

did not diminish as more studies were approved reflecting 
a consistency in the TB-CHW ability to meet ‘supply and 
demand’ needs of researchers. Nor was the range of sample 
provision influenced by the type of study being performed, 
whether it would be single gene validation, whole genome 
or exome screening. This result needs to be considered in 
light of recently espoused best practices for biospecimen 
handling for genomics studies (66) where being compliant 
to these standards was outweighed by the overwhelming 
need of the researcher to obtain enough samples for their 
investigation regardless of whether they were collected 
before the best practices were enforced or not. Researchers 
applying to the TB-CHW were not concerned about mixing 
samples that may have been likely collected following 
differing protocols. Over 60% of the samples provided were 
studied alongside specimens collected from multiple sites. 
For 11% of the studies supported (projects 14, 22, 26, 34), 
the TB-CHW contribution to those studies was less than 
10% of the total collection which reflects the investigators 
undertaking a world-wide sweep for a particular very rare 
tumour (Figure 5). 

Contribution to knowledge: locals gaining international profiles

The TB-CHW has contributed to an outstanding 
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Table 1 (continued)

Project 

number
Disease type Study type

Percentage of tumour 

bank samples (%)

Publication

year

Impact 

factor

Citations

Jan 2015
Reference

PCC, NB EPI 37 2008 4.9 21 (33)

11 WT MA 100 2011 2.6 13 (34)

12 WT CGH 38 2007 7.3 (35)

WT CGH, qPCR 32 2006 9.3 (36)

WT ISH 29 2006 8.2 (37)

WT ACGH 29 2008 17.9 (38)

14 ALL BI, qPCR 44 2012 9.4 12 (39)

ALL qPCR 8 2013 1.2 (40)

16 NB ACGH 14 2006 9.3 90 (41)

22 ALL, CLL EPI 68 2009 5.1 35 (42)

ALL EPI 80 2009 5.1 56 (43)

ALL EPI, qPCR 79 2009 5.4 57 (44)

ALL, CML EPI 50 2010 5.4 59 (45)

ALL EPI 100 2011 5.1 14 (46)

23 WT SS 100 2013 3.7 2 (47)

24 GCT miRNA 2012 3.5 23 (48)

GCT MA 8 2013 9 (49)

25 Brain tumours qPCR 70 2011 1.3 (50)

28 ALL qPCR 9 2013 3.5 2 (51)

29 NB qPCR 100 2013 8.8 (52)

30 RMS qPCR 27 2011 8.2 (53)

32 NB MiRNA 12 2010 28.1 83 (54)

33 RMS SS and qPCR 34 2009 13.8 103 (55)

NB MA 87 2011 3.9 16 (56)

36 CNS PNET and pineoblastoma MA 21 2011 5.3 (57)

CNS PNET MA and qPCR 4 2012 24.7 (58)

Glioma MA and SS 2013 9.3 (59)

CNS PNET MA and qPCR 12 2013 4.8 (60)

40 MB qPCR 15 2013 (61)

42 ES NGS 47 2014 8.2 8 (62)

RMS NGS 73

3

2014 15.9 18 (63)

45 ATRT NGS 20 2014 5.3 (64)

Brain tumours NGS 27 2014 2.4 1 (65)

ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; AST, astrocytoma; NB, neuroblastoma; RMS, rhabdomyosarcoma; 

ES, Ewing’s sarcoma; MB, medulloblastoma; PCC, pheochromocytoma; WT, Wilms tumour; VAPCC, VHL-associated 

pheochromocytomas; SPCC, sporadic pheochromocytomas; CLL, chronic lymphocytic leukaemia; CML, chronic myeloid leukaemia; 

GCT, germ cell tumour; CNS, central nervous system; PNET, primitive neuroectodermal tumors; ATRT, atypical teratoid rhabdoid 

tumor; qPCR, quantitative polymerase chain reaction; BI, bioinformatics; ACGH, array comparative genome hybridization; MA, 

cDNA microarray; ISH, in situ hybridization techniques; EPI, epigenetic (methylation); SS, Sanger sequencing; NGS, next generation 

sequencing; miRNA, microRNA.
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Figure 4 Time lines of genetic projects CHW tumour bank has supported.
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scientific output in paediatric genomic studies (Table 1). 
The TB-CHW publication record directly mirrors the 
advancement of genomics and related technology. More 
than 40 genomic publications have been generated from 
those projects. Publication quality has been distributed 
evenly within broad categories. Figure 6 shows the 
percentage of publications according to their impact 
factors assembled into broad ranges. The average impact 
factor is 7.58 but over 75% of the publications have 
impact factors greater than 5. The publications have 
been generated in multiple disease categories, most from 
neuroblastoma, followed by leukemia, Wilm’s tumour 
(Table 1). International researchers have contributed 76.2% 
publications while only 23.8% are from local researchers 
exemplifying the extent of the contribution of the TB-
CHW to world-wide efforts in paediatric cancer research. 
The number of publications gained per year correlate with 
the projects supported indicating a consistency in the TB-
CHW’s long term contribution to the knowledge gained 
through these research endeavours (Figure 3B). 

Finally, as The Children’s Hospital at Westmead is 

dedicated to paediatric healthcare, it provides services 
to children and their families in the wider western 
metropolitan areas of Sydney and regional centres. It runs 
one of two major Oncology Treatment Centres for New 
South Wales and admits up to 150 new cancer patients 
each year. Of most significance, through the activities of 
TB-CHW this small population of patients have been 
entered into world class, cutting edge research programs 
performed in leading research centres around the world. 
The TB-CHW has allowed us to gain knowledge 
about our local patients whilst comparing them with 
patients from other lands with similar disorder. In so 
doing the relevance of published research to our local 
patients is immediately and directly known. Moreover, 
the opportunity for the hospital to benefit from this 
knowledge through new treatment options is enhanced as 
the clinical history of the patients can be directly linked to 
the data derived from each study. 

Concluding statement

This paper describes the significant contribution of a 
single institutional hospital embedded tumour biobank 
to the genomic research community, especially for rare 
diseases. Despite the increased stringencies placed on 
biobanking practice, the TB-CHW has shown that a single 
institution biorespository can have a consistent and effective 
contribution to translational research into paediatric 
malignancy demonstrating its long term benefit throughout 
the genomics era. This is significant in that patient samples 
from rare diseases like paediatric cancer have a relative 
higher value as it will take longer time and more effort to 
accumulate enough samples to gain the statistical power. 
For rare disease research, every sample counts! Hence, 
the vision of the TB-CHW to establish routine tissue 
collection strategies for research over 15 years ago has 
brought it to the forefront of the advances in genomics 
that have advanced throughout this period. The TB-CHW 
experience demonstrates that the success and impact of a 
single institution biorepository lies in its proactivity. The 
potential of many hospital institutions to contribute to the 
global research efforts through provision of tissue samples 
and linked clinical data are inhibited by biobanking notions 
that a specialist facility is required. Such a facility is required 
to adhere to highly specific criteria that meet best practice, 
answer specific research questions in their own right, 
must be linked to other partners in a biobanking network 
through common processes, be technologically supported 

Figure 6 The percentage of publications according to their impact 
factors (IF) of the journals. Identified sectors cover the follow 
range of IF indices: very high, IF >9.0; high, IF 6.0-8.9; medium, 
IF 4.0-5.9; low, IF between 2.0-3.9; very low, IF <2.

Figure 5 Percentage of samples CHW contributed in regards to 
the total cohort of the study. CHW, Children’s Hospital at Westmead.
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with specialist equipment and software, is required to be 
stringently regulated by health governance bodies and 
consequently requires lots of funding (67,68). Whilst the 
TB-CHW endorses and strives for these high ideals in 
biobanking, having actively contributed to the formation 
of the national Australasian Biospecimens Network 
Association (http://abrn.net), it has been more keenly 
driven by the greater need that research must be done 
on rare diseases, like paediatric cancer, for us to improve 
health outcomes for these patients. The success of the TB-
CHW through-out the genomics era has therefore been 
driven by three related principles.

Embedded biobanking

Biospecimen procurement for research must occur within 
the clinical pathways of the institution as a routine daily 
procedure. In this sense the practice of biobanking precedes 
the research questions to be addressed. This creates the 
flexibility within the institution to address all types of 
research projects. 

Exhaustive biobanking

With embedded biobanking the opportunity exists to 
procure every biospecimen through common mechanisms 
within our institution. This allows for the comprehensive 
collection of all samples from rare diseases, over lengthy 
periods of time if required. This creates the motivation for 
the institution to practically support all types of research 
projects.

Engaging biobanking

Having a comprehensive collection of tissue for a rare 
disease allows for its biobankers to actively engage with the 
wider scientific community through open access biobanking 
policies. ‘Push out’ biobanking practices aid to remove 
barriers and allow the institution to actively participate in 
the leading genomic research efforts ongoing around the 
world. This creates the opportunity for the institution to 
participate in all types of research projects.
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