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Abstract

Within the 21 APEC economies alone, there are an estimated 200 million individuals living with a rare disease. As
such, health data on these individuals, and hence patient registries, are vital. However, registries can come in many
different forms and operating models in different jurisdictions. They possess a varying degree of functionality and
are used for a variety of purposes. For instance registries can facilitate service planning as well as underpin public
health and clinical research by providing de-identified data to researchers. Furthermore, registries may be used to
create and disseminate new knowledge to inform clinical best practice and care, to identify and enrol participants
for clinical trials, and to enable seamless integration of patient data for diagnostic testing and cascade screening.
Registries that add capability such as capturing patient reported outcomes enable patients, and their carers, to
become active partners in their care, rapidly furthering research and ensuring up-to-date practice-based evidence.
Typically, a patient registry centres around the notion of health data ‘capture’, usually for only one or a small subset
of the functions outlined above, thereby creating fragmented datasets that, despite the best efforts and intentions,
make it difficult to exchange the right data for the right purpose to the right stakeholder under appropriate
governance arrangements. Trying to incorporate maximum functionality into a registry is an obvious strategy, but
monolithic software solutions are not desirable. As an alternative, we propose that it is important to incorporate
analytics as core to a patient registry, rather than just utilising registries as a ‘data capture’ solution. We contend
that embracing an analytics-centric focus makes it reasonable to imagine a future where it will be possible to
evaluate the individual outcomes of health interventions in real time. The purposeful and, importantly, the
repurposable application of health data will allow stakeholders to extract, create and reuse knowledge to improve
health outcomes, assist clinical decision making, and improve health service design and delivery. To realise this
vision, we introduce and describe the concept of a Rare Disease Registry and Analytics Platform (RD-RAP); one that
we hope will make a meaningful difference to the lives of those living with a rare disease.
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Background

Rare diseases are a global health challenge as they are typic-
ally lifespan diseases and genetic in nature. As they are rare,
there are only small numbers of patients in any one jurisdic-
tion and there is limited prevalence and incidence data avail-
able for any given rare disease. Surprisingly, although
individually rare, there are an estimated 200 million people
living with one of approximately 7000 rare diseases within
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the 21 APEC economies alone [1]. Recognising the rare dis-
ease global challenge as part of its Healthy Asia Pacific 2020
Vision,' in November 2018, all 21 APEC economies ratified
the first ever APEC Rare Disease Action Plan.” One of the
key pillars of the Action Plan is to Manage pooling and usage
of patient data securely and effectively. Members agreed that
better use of patient data is key to addressing the challenges
presented by rare diseases.

As there is a scarcity of outcome data for individuals living
with a rare disease, the ‘lived experience’ data from patients/
families are typically a rich and important source of informa-
tion. The veracity of the captured data is important. Current
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approaches to the collection of data about rare diseases are
housed in multiple disparate data repositories be they elec-
tronic health records, spreadsheets, registries, longitudinal
databases, paper-based notes, and so forth. An important
focus is on the collection of clinical, physiological, quality of
life, patient-reported outcome data to inform decision mak-
ing. Patient registries are typically used as the data store in
an attempt to assimilate patient data from various sources.
However, it is important to note that a registry can come in
many different forms depending on how and why it is used
by which health stakeholder.

For instance, a registry from a clinical perspective may be
used to track therapies, clinically significant endpoints, or
clinical trials. From a patient advocacy perspective, patient-
reported outcomes are important for collecting quality of life
data to assist in assessing and supporting the impact to fam-
ilies and carers. From a government perspective, understand-
ing health services planning, health economic assessment,
determining subsidies and cost-effective products as well as
reducing variability in healthcare are critical. For industry, it
is the cost effectiveness of outcomes of treatments over time,
and finally, from an academic perspective, natural history
studies and the natural progression of disease are essential to
drive discovery and innovation. There is no shortage of the
variety and volume of rare disease health data contained
within registries of varying veracity. Rare disease data and
analytics roadmaps for rare diseases have been proposed pre-
viously, for instance, [2].

In its broadest definition, a registry can refer to both soft-
ware programs that collect and store data or the patient re-
cords that are so created. As highlighted in the preceding
sections, a rare disease patient registry is usually more than a
data store, depending on its purpose, but as noted elsewhere,
there is no consistent definition of a patient registry in
current use [3-5]. It is almost assumed that vital health data
and registry functionality can become fragmented and siloed,
institutional/regional-based, thereby rendering the registry
systems limited in their usefulness. Herein lies a paradox. On
the one hand, the value of rare disease data can only be max-
imised if data is not stored in siloed repositories. It is essen-
tial to make it possible for key health stakeholders to
meaningfully analyse and interpret all available data for a
range of purposes. On the other hand, registries are import-
ant because rare disease data must be constantly assimilated
so that it becomes possible to capture the evolving disease
progression and management. In other words, when it
comes to rare disease patient registries, it is important to le-
verage the useful aspects whilst minimising the unintended
inaccessibility of data.

An obvious solution might be to attempt to build a ‘one-
stop-registry’ solution that incorporates all required func-
tionality. However, it has proved difficult to build a single
solution as registries are dynamic ecosystems where func-
tional requirements evolve over time [6]. An alternative
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strategy that we propose is to focus on analytics; design an
analytic conceptual framework that is built around inter-
operable components for each form of required analysis
for the rare disease patient data journey. We contend that
there needs to be a shift from an individual data ‘collec-
tion’ to a comprehensive data ‘analytics’ mindset that can
seamlessly support and drive healthcare delivery, service
improvement and best practice adoption. Within this
paradigm, it would be conceivable to cater concurrently
for the needs of clinicians, patient representatives, govern-
ment, data analysis specialists, eResearch and ICT special-
ists, nurses, administration and industry. An analytics-
centric view of a registry is at the heart of this approach.
With such a paradigm shift it would become possible to
cater for functionality required to encourage and enable
interactions, cross-talk and assess degree of overlap be-
tween each of the stakeholders as they evolve over time. In
this manuscript, we introduce a high level coverage of the
concept of a Rare Disease Registry and Analytics Platform
(RD-RAP) for both providing baseline disease data and en-
abling innovative analytics that can be embedded into rou-
tine care and used to inform health services planning.

RD-RAP: Rare Disease Registry and Analytics
Platform
Better use of patient data provides an opportunity to
better support those living with a rare disease — enabling
adaptive, optimal and informed decision making. For ex-
ample, the right treatment, for the right patient and le-
veraging what has been learnt from past decisions to
optimise future decisions. In rare diseases, there is inher-
ent heterogeneity in the population such that individua-
lised treatment and care is needed. However, of equal
importance is building the evidence base for the rare
disease population where it is critical to learn from indi-
vidual experiences and aggregate these learnings across
the rare disease population to find generality in disease
progression, management and treatment. This duality of
requirements, on more than one timescale, recognises the
challenge to cater to individual needs as well as learn from
collective experiences over time that will lead to better dis-
ease diagnosis and management, and personalised thera-
peutic interventions. It also highlights the challenges of
designing patient registries fit for a single purpose. In order
to devise sustainable and useful digital health solutions that
address this duality it is important to develop an analytic
conceptual framework, which we term the Rare Disease
Registry and Analytics Platform (RD-RAP), shown in Fig. 1.
There are four core components to the RD-RAP con-
ceptual framework. Firstly, analysis of rare disease data
within RD-RAP is captured under four broad themes,
namely: i) research and development, to support both
precision medicine and health services planning; ii) pa-
tient impact, to capture patient reported outcomes; iii)
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clinical decision making, through the optimisation and
adaptive models for routine care; and iv) health outcome
reporting, to inform rare disease policy and health ser-
vices planning. Areas covered would include persona-
lised treatments, diagnosis, management of disease,
disease prevalence, natural history studies and progres-
sion of disease. Providing capability for interactive en-
gagement across each analytic theme is a key innovative
component to RD-RAP as it proactively promotes col-
laboration, sharing of pre-competitive data and know-
ledge to drive discovery and innovation.

A second key component of RD-RAP is the governance
structures that need to be developed to support a sustain-
able RD-RAP. The governance structures need to be devel-
oped in consultation with key stakeholders with an interest
in RD-RAP such as international leaders from the clinical
and patient community, eResearch and data analytics ex-
perts and they need to meet regularly. A RD-RAP Steering
Committee (SC) would be established tasked with oversee-
ing the rollout and development of RD-RAP responsible
for the overall initiative, including which rare diseases or
groups of rare diseases will be prioritised (e.g. drawing on
European reference networks dedicated to specific group of
diseases),® development of appropriate privacy principles/
practices for data collection, interoperability principles for
both new and existing registries [7-9] storage, access and
analytics arrangements for stakeholders, an operating
model for sustainability and independence [for example,

10]. The SC will drive and leverage from international ef-
forts (e.g. EU RDConnect?) to develop common datasets
across conditions or, where common measures aren’t ap-
plicable, develop strategies to manage the data such as
adopting the concept of registries within registries [6]
which demonstrates a consent-driven approach to aggre-
gate registries. The SC will participate in smaller work
teams developed to undertake particular components of
the project which include a review of issues of data owner-
ship as well as related matters of legal frameworks and data
security. A SC would be managed through an organisation
such as the formalised APEC Rare Disease Network.”

A third key component to RD-RAP is that it recognises
that electronic health records (EHR) or existing patient
registries come in numerous forms and at varying stages of
maturity globally. In addition, these systems might be
jurisdiction-based, country-based, clinical centre-based or
disease/conditions-based. For those living with a rare dis-
ease, in many instances, such systems may not exist in time
for diagnosis, management or treatment. In addition, pa-
tients may not be able to utilise a quality EHR or get access
to an existing international registry that is not available in a
regional area. Furthermore a given rare disease may inhibit
regular visits to a hospital where an EHR is available. For
this reason, RD-RAP will be architected to enable auto-
mated and aggregated exchange of data between RD-RAP,
electronic health records (EHR) and existing patient regis-
tries where feasible. This exchange will evolve over time
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and will necessarily capture data beyond what is captured
within any given electronic capture system, driven by the
priorities of government, industry, disease patient advocacy
groups and clinicians requiring advanced analytics func-
tionality across each of the four analytic themes. As out-
lined in Recommendation 9.3 of the APEC RD Action
Plan,® APEC member economies will facilitate cross-border
data flows while respecting data privacy and applicable do-
mestic laws and regulations. This will be achieved through
four action steps, namely i) by leveraging partnerships with
industry, clinicians, and patient organizations to design and
implement an enabling environment for sharing patient
data; ii) by ensuring full and informed consent from pa-
tients and families, interoperability of digital systems, and
public availability of some data as permitted by local privacy
and security contexts; iii) by adjusting as required by the
Good Data Privacy Regulations (GDPR) and Cross-Border
Privacy Regulations (CBPR); and iv) by working with aca-
demia to pool trial data related to small patient cohorts
across jurisdictions.”

The fourth key component of RD-RAP is that this con-
ceptual framework will provide a basis to work closely to
support the implementation of suitable future-proofed
digital health options for each of these stakeholders which
is expected to evolve over time. Stakeholder consultations
scoping RD-RAP technical and analytic requirements will
ensure the RD-RAP meets the needs of key diverse stake-
holders and this is fundamental to its success. This compo-
nent will include working with governments, clinicians,
researchers, patients and industry to identify current and
future requirements regarding: i) data needs, including po-
tential information sources, access, collection and collation;
ii) data analytic needs, including analysis, design, diagnos-
tics, therapeutics and economics; and technical e-Research
specifications to ensure RD-RAP meet these needs. Once
conducted, this input will enable the collection of essential
baseline rare disease data and innovative analytics that will
serve the needs of government, clinicians, researchers, pa-
tients and industry in assessing the health and economic
benefits of proposed pharmacological treatments, clinical
decision making, research and better patient management.
These requirements will provide important feedback to
enablecontinuous improvement of the health system to
support those living with a rare disease.

RD-RAP preliminary scoping activities

Design and development of the RD-RAP will employ best
of breed eResearch technology adopting and developing
open data standards, be open source and enable interoper-
ability between developed digital health solutions. To realise
the RD-RAP vision, RD-RAP will leverage exemplar na-
tional and global rare disease activities that are: i) developing
open source digital health solutions to support N-of-1 adap-
tive clinical trials and patient reported outcomes; ii) analysis
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of clinical trial and observational study data and methodolo-
gies for designing and analysing adaptive trials; iii) diagnos-
tics for detecting novel mutations and structural variants; iv)
advocate therapeutics, clinical trials and regulatory harmon-
isation to map a pipeline into RD-RAP that will enable
small to medium sized enterprises to work with rare-disease
patient groups to evaluate their products; and v) promote
patient engagement in all aspects of RD-RAP and research
including patient registries, drug development, clinical trial
design and recruitment, patient-reported outcome develop-
ment, and real-world data collection and analysis.

On this last point, the activities for patient engage-
ment are to identify, consult, and engage relevant patient
associations and groups (national and multinational rare
disease-specific groups as well rare disease alliances), to
provide training and support to patients through patient
groups to enhance interactions, contributions, and ap-
propriate use of digital health platform and outputs, and
to communicate with broader patient and public com-
munities to promote understanding and support.

To work towards realising RD-RAP, currently an open
source platform [6, 10-19] is being transformed to become a
Trial-Ready Registry Framework (TRRF). TRREF is digital in-
frastructure to support adaptive clinical trials and ‘trial-ready’
natural history cohort studies. The open-source solution will
enable seamless capture and linkage of clinician-entered and
patient-reported data with health system administrative data,
improving efficiencies for assessing and connecting eligible
patients to trials, supporting the efficient systematic capture
of data for trials, and for enabling real-time Bayesian analysis
for novel trial designs. It is specifically intended to facilitate
capture of clinical evidence to inform the licensure and fund-
ing of new therapeutic products, supporting: i) Trial-ready
cohorts: A network of secure and robust clinical and patient-
centred disease registries built on a shared platform will fa-
cilitate the accurate documentation of natural history across
a range of diseases and disease subgroups. These data will be
used to accelerate the evaluation of future treatments by
allowing trialists to augment clinical trial data with data from
historical controls; and ii) Pre-licensure trials: The FDA’s
Center of Drug Evaluation and Research (CDER) now advo-
cates the use of adaptive methods in place of traditional trial
designs to expedite the clinical development of new products
such as Bayesian adaptive platform trials like I-Spy2 (neoad-
juvant therapies for breast cancer) and GBM-AGILE (brain
cancer), facilitating seamless transition between trial phases
and implementation of adaptive routines requires data to be
captured, entered, and available for frequent interim analyses
in near real time; paper-based platforms are inadequate.

Importantly, TRRF will include the ability to run N-of-
1 trials [20-24]. N-of-1 trials are multi-cycle, double
blinded clinical trials of treatment effect within an indi-
vidual patient. As each individual acts as their own con-
trol, they can provide strong evidence that a particular
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treatment is effective for a given individual. Such trials
are particularly suited when there is significant variabil-
ity in treatment response within the patient cohort, and
may be applicable in situations where large-scale parallel
group trials are not possible as is the case of rare dis-
eases. Further, individual N-of-1 trials can be aggregated
to assess evidence of treatment effect at the population
level (akin to that provided by parallel group trials).
Incorporating N-of-1 trials for developing the RD-RAP
will facilitate evidence-based, personalised medical deci-
sion making to ensure each individual can determine
what treatment works for them. Further, the framework
will be flexible in that other trial designs such as parallel
group, single case experimental designs, and cluster or
step wedge designs can also be handled. The near real-
time analytic capabilities of the RD-RAP will also extend
naturally to adaptive and platform trials [25, 26]. Thus,
despite focussing on N-of-1 clinical trials, the RD-RAP
will be applicable to a wide range of clinical trial designs
and will be extendible to emerging practices in this field.

Overview of the systemic changes concerning the rare
diseases ecosystem in an APEC economy

A number of APEC economies acknowledged, through
the Rare Disease Economy Landscape Survey Australia
that informed the APEC RD Action Plan, a disjointed
and siloed approach to rare disease data collection.
Often datasets are localised within an individual institu-
tion or linked to a clinician or number of clinicians
working together for research purposes. The intent and
design of the RD-RAP is to overcome the issues created
by this approach and allow them to be utilised by cross
sector stakeholders not just within one jurisdiction but
across borders, thereby avoiding the notion of health
data imprisonment. This will address the most funda-
mental issue of rare disease data collection, that is the
collection of enough data to power appropriate analysis.

RD-RAP implementation considerations

As identified by the APEC Rare Disease Network, data
collection in rare disease is often siloed and based on in-
dividual clinics or hospitals. It lacks common data sets
across registries and an ability to combine data to pro-
vide the power required for proper analysis. Existing
data infrastructure brings with it considerable costs both
financially and through the required time and effort to
establish and maintain small, bespoke registries.

In order for RD-RAP to operate effectively work
will need to be done to align data sets across regis-
tries. The system will also need to be easily adaptable
to account for the many and varied rare diseases that
it will serve. Finally, in order to drive the maximum
benefit, regulatory changes will be required to allow
cross border flow of data.
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The open source approach to developing modules for
use in the RD-RAP will aide in the development of com-
mon data sets. As clinicians and researchers find a ready-
made data collection tool available it is expected they will
adopt the solution as a means of reducing the financial
cost and timeliness of developing a bespoke solution. Fur-
ther to this, the ability to access a much larger data set will
act as further incentive for adoption of the RD-RAP tool.
This open source approach is also expected to aide in the
adaption of modules to account for different types of rare
disease. Again, adaption of modules rather than the cre-
ation of bespoke solutions will reduce cost and time in es-
tablishing data collection projects.

Regulatory change is an issue that may require a longer
lead time to achieve. The APEC Rare Disease Network in
its recently public APEC Rare Disease Action Plan have
identified this issue and have already commenced activity
aimed at achieving regulatory alignment across APEC.
The Network has presented the concept to the APEC
Regulatory Harmonisation Committee and is continuing
to work with this Committee on the concept.

RD-RAP adoption considerations

The design of the RD-RAP concept has been undertaken
with the issues of adaptability and usage in mind. The
proposed approach does not increase the resource de-
mands to capture data from already existing require-
ments. In fact, the strength of the RD-RAP is that it
seeks to supplement data collection at the clinic level by
aggregating data from existing sources rather than re-
quiring data to be entered into yet another system. This
design element will address the common constraints on
resources that exist in data collection.

Conclusions

In this Position Statement manuscript, we present the Rare
Disease Registry and Analytic Platform (RD-RAP) concep-
tual framework. We do not underestimate the enormity of
the task to design and implement RD-RAP but wish to put
into context rare disease requirements in terms of registries
and analytics for the benefit of a more general audience of
clinicians, researchers and health systems and policy experts.
As such, discussion of technical details is beyond the scope
of this manuscript. We believe, RD-RAP positions the rare
disease community to be a patient-led, locally supported and
globally enabled innovative digital and analytics initiative.
The outcome will be a framework for the development and
implementation of RD-RAP serving the needs of the diverse
stakeholders to support those living with a rare disease. RD-
RAP aims to shift the rare disease registry community from
a ‘data collection’ to a ‘data analytics’ paradigm that supports
and drives healthcare delivery, service improvement and best
practice adoption. A multidisciplinary and international team
including clinicians, patient representatives, government,
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nursing, data analytics, eResearch and ICT will be assembled
to design a digital framework for the establishment of an in-
dependent rare disease registry and analytic platform (RD-
RAP). This platform will provide for essential baseline rare
disease data and innovative analytics — including data ana-
lysis, design, diagnostics, therapeutics and health economics
— that will serve the needs of government, clinicians, nurses,
researchers, patients and industry in assessing the health and
economic benefits of proposed pharmacological treatments,
clinical decision making, research and better patient manage-
ment. The framework will draw on the APEC Rare Disease
Network to build collaborations with regional partners for its
implementation and will foster a greater understanding of
rare diseases and their impacts on health and assist in the al-
location of healthcare expenditure.

Endnotes
'https://www.apec.org/Groups/Committee-on-Trade-

and-Investment/Life-Sciences-Innovation-Forum
*https://www.apec.org/rarediseases
*https://ec.europa.eu/health/ern/networks_en
*https://rd-connect.eu/
*https://www.apec.org/rarediseases
®https://www.apec.org/rarediseases

Acknowledgements

The authors wish to acknowledge a number of individuals consulted on the
development of the RD-RAP conceptual framework. These include: C Milliner, C
Windell, D Gee, T Szabo, L Christian, L Griffiths, K Mengersen, M Summar, K McNeil, J
Hung, P Yates, M Cross, S Fletcher, H Heussler, D Wong-Rieger, M Schmitz, E
Obscherning, D Waugh, M Fahim and J Lim. This manuscript is in part informed by
the MTPConnect Project Fund Program (MTPConnect Grant PRJI2017-57), Accelerat-
ing Precision Therapies Through Digital Infrastructure for Adaptive Trials and Trial-
Ready Cohort Studies. The authors would like to acknowledge the suggestions of
the two anonymous reviewers.

Authors’ contributions

MB Conceptualised the RD-RAP and wrote manuscript. JM and TS contrib-
uted to the conceptual framework of RD-RAP. JM contributed the analysis
capabilities and extensions to N-of-1 clinical trials. JM and TS contributed to
writing the manuscript. All authors read and approved the final manuscript.

Funding

This manuscript is in part informed by the MTPConnect Project Fund Program
(MTPConnect Grant PRJ2017-57), Accelerating Precision Therapies Through
Digital Infrastructure for Adaptive Trials and Trial-Ready Cohort Studies.

Availability of data and materials
Publicly available.

Ethics approval and consent to participate
NA

Consent for publication
NA

Competing interests
The authors declare that they have no competing interests.

Author details

'Office of eResearch, Queensland University of Technology, Brisbane 4000,
Australia. “Wesfarmers Centre of Vaccines & Infectious Diseases, Telethon Kids
Institute, Perth 6009, Australia. >School of Mathematics, Queensland
University of Technology, Brisbane 4000, Australia.

Page 6 of 7

Received: 24 April 2019 Accepted: 21 June 2019
Published online: 12 July 2019

References

1. von der Schulenburg JMG, Frank M. Rare is frequent and frequent is costly: rare
diseases as a challenge for health care systems. Eur J Health Econ. 2015;113:16.

2. Bellgard MI, Sleeman MW, Guerrero FD, Fletcher S, Baynam G, Goldblatt J,
Rubinstein Y, Bell C, Groft S, Barrero R, Bittles AH, Wilton SD, Mason CE,
Weeramanthri T. Rare disease research roadmap: navigating the
bioinformatics and translational challenges for improved patient health
outcomes. Health Policy and Technology. 2014;3:325-35.

3. Gliklich RE, Dreyer NA, Leavy MB, editors. Registries for evaluating patient
outcomes: a User's guide [internet]. 3rd edition. Rockville (MD): Agency for
Healthcare Research and Quality (US); 2014 Apr. 1, Patient Registries.

4. Lacaze P, Millis N, Fookes M, Zurynski Y, Jaffe A, Bellgard M, Winship I, McNeil J,
Bittles AH. Rare disease registries: a call to action. Intern Med J, 2017 Sep;47(9):
1075-1079. doi: https://doi.org/10.1111/imj.13528. PubMed PMID: 28891182.

5. Kodra Y, Weinbach J, Posada-de-la-Paz M, et al. Recommendations for
improving the quality of rare disease registries. Int J Environ Res Public
Health. 2018;15(8):1644.

6. Ng DM, Hooper AJ, Bellgard MI, Burnett JR. The role of patient registries for
rare genetic lipid disorders. Curr Opin Lipidol. 2018;29(2):156-62.

7. Morel T, Cano SJ. Measuring what matters to rare disease patients -
reflections on the work by the IRDIRC taskforce on patient-centered
outcome measures. Orphanet J Rare Dis. 2017;12(1):171.

8. Slade A, Isa F, Kyte D, et al. Patient reported outcome measures in rare
diseases: a narrative review. Orphanet Journal of Rare Diseases. 2018;13:61.

9. Wilkinson MD, Dumontier M, Aalbersberg 1J, et al. The FAIR guiding principles
for scientific data management and stewardship. Sci Data. 2016;3:160018.

10.  Bellgard M, Napier KR, Bittles AH, Szer J, Fletcher S, Zeps N, et al. Design of a
framework for the deployment of collaborative independent rare disease- centric
registries: Gaucher disease registry model. Blood Cells Mol Dis. 201768:232-8.

11. Napier KR, Tones M, Simons C, Heussler H, Hunter AA, Cross M, Bellgard MI. A
web-based, patient driven registry for Angelman syndrome: the global
Angelman syndrome registry. Orphanet Journal of Rare Diseases. 2017;12:134.

12. Tones M, Cross M, Simons C, Napier KR, Hunter A, Bellgard MI, Heussler H.
Research protocol: the initiation, design and establishment of the global
Angelman syndrome registry. J Intellect Disabil Res. 2018,62(5):431-43.

13. Koeks Z, et al. Clinical outcomes in Duchenne muscular dystrophy: a study
of 5345 patients from the TREAT-NMD DMD global database. J
Neuromuscul Dis. 2017;4(4):293-306.

14. Bellgard MI, Napier K, Render L, Radochonski M, et al. A registry framework
enabling patient-Centred care. Stud Health Technol Inform. 2015;214:8-14.

15.  Bellgard MI, Walker CE, Napier KR, Lamont L, Hunter AA, Render L, et al.
Design of the Familial Hypercholesterolaemia Australasia Network Registry:
creating opportunities for greater international collaboration. J Atheroscler
Thromb. 2017,24:1075-84.

16.  Napier KR, Pang J, Lamont L, Walker CE, Dawkins HJS, Hunter AA, et al. A
web-based registry for familial hypercholesterolaemia. Heart Lung Circ.
2017;26:635-9.

17.  Bellgard MI, Render L, Radochonski M, Hunter A. Second generation registry
framework. Source Code Biol Med. 2014,9:14.

18. Bellgard MI, Beroud C, Parkinson K, Harris T, Ayme S, Baynam G, et al.
Dispelling myths about rare disease registry system development. Source
Code Biol Med. 2013,8:21.

19. Bellgard MI, Macgregor A, Janon F, Harvey A, O'Leary P, Hunter A, et al. A
modular approach to disease registry design: successful adoption of an
internet-based rare disease registry. Hum Mutat. 2012;33:E2356-E66.

20.  Zucker DR, Ruthazer R, Schmid CH. Individual (N-of-1) trials can be
combined to give population comparative treatment effect estimates:
methodologic considerations. J Clin Epidemiol. 2010,63(12):1312-23.

21, Duan N, Kravitz RL, Schmid CH. Single-patient (n-of-1) trials: a pragmatic
clinical decision methodology for patient-centered comparative
effectiveness research. J Clin Epidemiol. 2013,66:521-8.

22, Nikles J, Mitchell G. The essential guide to N-of-1 trials in health. Dordrecht:
Springer; 2015.

23. McDonald S, McGree JM, Bazzano L. Finding benefit in n-of-1 trials. J Am
Med Assoc. 2019;179:454-5.

24.  Alemayehu C, Mitchell G, Aseffa A, Clavarino A, McGree JM, Nikles J. A series
of N-of-1 trials to assess the therapeutic interchangeability of two enalapril


https://www.apec.org/Groups/Committee-on-Trade-and-Investment/Life-Sciences-Innovation-Forum
https://www.apec.org/Groups/Committee-on-Trade-and-Investment/Life-Sciences-Innovation-Forum
https://www.apec.org/rarediseases
https://ec.europa.eu/health/ern/networks_en
https://rd-connect.eu/
https://www.apec.org/rarediseases
https://www.apec.org/rarediseases
https://doi.org/10.1111/imj.13528

Bellgard et al. Orphanet Journal of Rare Diseases (2019) 14:176 Page 7 of 7

formulations in the treatment of hypertension in Addis Ababa, Ethiopia:
study protocol for a randomized controlled trial. Trials. 2017;18:470.

25. Saville BR, Berry SM. Efficiencies of platform clinical trials: a vision of the
future. Clinical Trials. 2016;13(3):358-66.

26.  Berry SM, Connor JT, Lewis RJ. The platform trial: an efficient strategy for
evaluating multiple treatments. JAMA. 2015;313(16):1619-20.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions k BMC




	Abstract
	Background
	RD-RAP: Rare Disease Registry and Analytics Platform
	RD-RAP preliminary scoping activities
	Overview of the systemic changes concerning the rare diseases ecosystem in an APEC economy
	RD-RAP implementation considerations
	RD-RAP adoption considerations

	Conclusions
	https://www.apec.org/Groups/Committee-on-Trade-and-Investment/Life-Sciences-Innovation-Forum
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

