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A B S T R A C T

In this article we briefly examine the unique features of Single-Case Designs (SCDs) (studies in a single partici-
pant), their history and current trends, and real-world clinical applications. The International Collaborative Net-
work for N-of-1 Trials and Single-Case Designs (ICN) is a formal collaborative network for individuals with an in-
terest in SCDs. The ICN was established in 2017 to support the SCD scientific community and provide opportuni-
ties for collaboration, a global communication channel, resource sharing and knowledge exchange. In May 2021,
there were more than 420 members in 31 countries. A member survey was undertaken in 2019 to identify priori-
ties for the ICN for the following few years. This article outlines the key priorities identified and the ICN's
progress to date in these key areas including network activities (developing a communications strategy to in-
crease awareness, collecting/sharing a comprehensive set of resources, guidelines and tips, and incorporating the
consumer perspective) and scientific activities (writing position papers and guest editing special journal issues,
exploring key stakeholder perspectives about SCDs, and working to streamline ethical approval processes for
SCDs). The ICN provides a practical means to engage with this methodology through membership. We encourage
clinicians, researchers, industry, and healthcare consumers to learn more about and conduct SCDs, and to join us
in our mission of using SCDs to improve health outcomes for individuals and populations.

1. Introduction

In recent years, there has been a spotlight on personalised medicine,
patient-centred healthcare and digital health. This has led to a growing
focus on the value of Single-Case Designs (SCDs). SCDs focus on a single
participant to draw conclusions that are specific to that participant. But
it is common for investigators to conduct a series of SCDs that have the
same protocol and pool the data across them to draw conclusions about
a larger group of participants. There can be a misconception that SCDs
are “qualitative” or “descriptive” case studies, but they are quantitative
studies that are designed prospectively and collect data from an individ-
ual repeatedly and systematically over time. SCDs include Single-Case
Experimental Designs (SCEDs) and Single-Case Observational Designs
(SCODs). N-of-1 trials are a particular kind of SCED typically applied in

the field of medicine. Fig. 1 shows how the various types of SCDs inter-
relate.

SCDs have wide applicability in health-related research and practice
[1–5]. Box 1 presents a brief description of common SCD sub-designs
and their main features. See supplementary material for more detail on
these designs. They have been published in high-profile medical jour-
nals including Nature [8], the Journal of the American Medical Associa-
tion (JAMA) [9]. and the New England Journal of Medicine (NEJM).10.
Several CONSORT reporting guidelines for N-of-1 trials and SCEDs have
been published (e.g., CENT [6] and SCRIBE [7]) and study quality as-
sessment tools are available [11]. SCDs have not yet been used exten-
sively in either research or practice. For example, studies have shown
that clinicians may encounter barriers to conducting SCDs in practice
[12]. To facilitate wider adoption of SCDs, we established a formal col-
laborative network called the International Collaborative Network for
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Fig. 1. Taxonomy of common single-case experimental designs using a single participant.
Reproduced from Tate RL, Rosenkoetter U., Wakim D., Sigmundsdottir L., Doubleday J., Togher L., McDonald, S., Perdices, M. (2015) The Risk of Bias in N-of-1 Trials
(RoBiNT) Scale. An expanded manual for the critical appraisal of single-case reports. Sydney, Australia: The authors. ISBN: 978-0-9945369-0-7.

Box 1. Brief description of common SCD sub-designs.

Single-Case Experimental Designs (SCEDs) are experimen-
tal designs that are used to test the effect of an intervention for
an individual participant (who acts as their own control) using
repeated outcome measurements, sequential, randomised or
non-randomised introduction of an intervention. Outcome data
is evaluated using specialised analysis methods for SCDs, includ-
ing visual and statistical techniques. Simultaneous or sequential
replications are possible with more individuals.

N-of-1 trials are a subtype of SCED and involve evaluating
individual participant responses to interventions, by randomly
allocating different time periods within an individual to re-
peated intervention and control (e.g., standard care, placebo,
or alternative intervention) conditions. Outcomes are com-
pared across the time periods to determine whether the inter-
vention has a favourable effect on the outcome compared to
the control condition.

Single Patient Open Trials (SPOTs) are another subtype of
SCED with the key distinction that they are an open (unblinded)
design. SPOTs are less rigorous than other types of SCEDs (e.g.,
N-of-1 trials), but they may be more practical for some clinicians
to conduct [13].

Single-Case Observational Designs (SCODs), also referred
to as N-of-1 observational designs, involve repeated measure-
ments (e.g., pain severity ratings) from an individual participant
over time, in the absence of an intervention implemented by the
investigator. Their purpose is to draw conclusions about natu-
rally occurring patterns and predictors of the outcomes mea-
sured. Individual-level data can provide insight into highly per-
sonalised potential intervention strategies.

N-of-1 Trials and Single-Case Designs (ICN), which aims to disseminate
information and stimulate global discussion about SCDs to promote
awareness and use of SCDs, and to assist clinicians and researchers in
the design, conduct, and analysis of individual and pooled (aggregated)
SCDs.

1.1. Unique features of Single-Case Designs

A major advantage for all types of SCDs is that participants’ individ-
ual data can be shared with their clinicians for discussion and can facili-

tate shared decision-making about future management. These data are
often lost in group-based methods, because their focus is on identifying
average responses to treatments, rather than individual responses. In
aggregated (pooled) SCD studies, data are pooled from individual spe-
cific drug or non-drug treatment studies to provide clinicians and pa-
tients with average outcome data, like in group-based randomised con-
trolled trials (RCTs) and population-level epidemiological studies. In
aggregated (pooled) SCD studies, fewer participants may be needed for
similar levels of statistical power as studies that use a group-based de-
sign [14].

Collecting individual SCD data allows tracking of changes and treat-
ment response in individual patients, whereas pooling SCD data ad-
dresses generalisability of findings. Although SCDs have certain advan-
tages and provide unique opportunities such as providing specific and
reliable information about individual response to treatments, and the
proportion of treatment responders in a series of SCDs, they can, de-
pending on the context, also have potential drawbacks such as an ex-
tended length of study, and the need to allow for and deal with any car-
ryover effects. Traditional group-based RCTs continue to have an im-
portant role, for example where it suffices to obtain a precise estimate
of an average causal effect (e.g., for national health policy or reimburse-
ment for health insurance purposes). There are particular contexts, con-
ditions, interventions and objectives suitable for one type of study de-
sign or the other, and sometimes both.

1.2. History and current trends in single-case research

SCDs have been used in several fields. They have a long history in
behavioural and psychological science, dating back to the nineteenth
century with Ebbinghaus' pivotal memory research and Stratton's study
on the effect of wearing inverting lenses in a single participant, both of
which were influential in these fields [15] and this work was built on by
Sidman [16] in the early 20th century. Mirza et al. have provided a
comprehensive description of the history of N-of-1 studies in medicine
[17]. Briefly, before Hogben and Sim's methodological landmark study
(using blinding, placebos, multiple crossovers and wash in/out) in the
International Journal of Epidemiology [18] there were a few studies of in-
dividual responses [19,20]. Baskerville et al. [21] then applied princi-
ples of adaptive design, allowing treatment period length to vary de-
pending on adverse events, clinical deterioration, and patient prefer-
ence. In 1986, Guyatt published a landmark paper on using ‘N of 1 ran-
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domized control trials’ for a poorly controlled asthmatic patient treated
with inhaled beta agonists, theophylline, and prednisone [22]. For a
comprehensive description of the history of SCDs please see Mirza et al.
[17] and Hurtando & López-López [23].

There has been renewed interest in N-of-1 trials and SCDs recently
[17]. Gordon Guyatt published 11 articles from 1986 to 1995, and there
was a steady publication rate of N-of-1 trials and SCDs from 1986 to
about 2002, followed by a rapidly increasing publication rate from
2002 to 2010. Early adopters between 2002 and 2010 were on the
shoulder of the wave of the technology adoption lifecycle [24], which
now in the context of personalised medicine, patient-centredness, self-
tracking and digital health, is rising more quickly. Fig. 2 shows expo-
nential growth in SCD studies since 2010, making a definitive case for
increased use. This renewed interest is also reflected in other areas such
as an increase in published books, media interest and special journal is-
sues. For example, the book “Essential guide to N-of-1 trials in health”
[25] has had over 13,000 chapter downloads, and there have been at
least 9 special journal issues on SCDs in the last 7 years.

There have been some important developments in the last 10–20
years. N-of-1 designs are endorsed by Health Canada for natural health
products [26], the UK Medical Research Council for developing and
evaluating complex interventions [27], US Food and Drug Adminstra-
tion [28] Therapeutic Goods Administration and European Medicines
Agency [29] for clinical trials in small populations and the USUS Na-
tional Pharmaceutical Council for comparative effectiveness research
[30]. Among others, the National Institutes of Health, National Health
and Medical Research Council, and Patient Centred Outcomes Research
Institute (PCORI) have all funded projects for N-of-1 trial research. N-
of-1 trials have been cited in systematic reviews [31], healthcare policy
documents [32] and clinical [33] and methods guidelines [34]. It is
possible that these developments do not fully capture the increasing use
as clinicians may be conducting N-of-1 trials and SCD studies and not
reporting them as research in scholarly journals because they consider
them as patient care [35].

1.3. Real word clinical application and clinical impact of Single Case
Designs

SCDs are useful when there is variability in treatment response; this
applies to many conditions and situations [17]. Identifying the individ-
ual patient response to an intervention is important for clinician-patient

Fig. 2. Number of SCD publications in Pubmed since 1986. The graph
shows exponential growth in SCD articles in Pubmed especially since 2002.
The search used was Search query: Single-case experimental design[tiab] OR
SCED[tiab] OR N-of-1[tiab] OR N-of-one[tiab] OR "single participant"[tiab]
OR "ABA design"[tiab] OR "Single-Case Studies as Topic"[Mesh] OR "single-
case design" OR "single subject design" OR multiple baseline design[tiab] OR
(("single subject"[ti] OR "single case"[ti] OR "single patient"[ti]) AND (trial*
[ti] OR design*[ti])).

dyads for shared treatment decision-making. Studies using SCDs have
provided information about the number of treatment responders for
various treatments and interventions [36–39]. SCDs have also been
used to objectively demonstrate benefit to the patient and their families
or carers which represents another advantage [36]. N-of-1 trials have
been used to correctly attribute side effects experienced by patients.10,
37 N-of-1 studies have been especially useful in rare diseases, where
numbers are too small for conventional RCTs to be readily conducted
[9]. The reduced sample size needed for aggregated (pooled) N-of-1 tri-
als, when compared to standard RCT sample sizes [14], has positive im-
plications for recruitment, time, and costs because each person con-
tributes multiple observations. Some real world examples of these uses
have been provided in Box 2.

Examples of the clinical impact of personalised SCDs, with changes
in subsequent management, include testing the use of psycho-
stimulants for Attention Deficit Hyperactivity Disorder (ADHD) [6,47];
paracetamol vs non-steroidal anti-inflammatory agents (NSAIDs) for os-
teoarthritis [48,49]; and gabapentin vs placebo for chronic neuropathic
pain [42]. The work of ICN chair JN and team has led to the following
achievements: established feasibility for certain N-of-1 tests and col-
lected evidence of variability in individual drug response
[36,42,46,48]; demonstrated usefulness for bridging significant evi-
dence gaps, especially in difficult to research populations where re-
cruitment and retention are difficult, such as pediatrics and palliative
care [41,46,47,50–52]; confirmed that N-of-1 trials can improve treat-
ment decisions [47–49] as well as reduce health costs [53,54]; explored
patient perspectives of N-of-1 trials [55]; followed up patients to exam-
ine impact of N-of-1 trials on immediate and long term management
and how patients and doctors who have completed N-of-1 trials use in-
dividual high quality evidence to make management decisions [47,49];
and showed that the N-of-1 trial is superior to traditional RCTs in ob-
taining individual effectiveness results [14].

1.4. Single Case Designs and digital health

SCDs and digital health are a synergistic pairing. The term digital
health includes eHealth and mHealth (e.g., telemedicine, electronic
health records and wearable sensors) as well as developing areas such
as the use of advanced computing sciences in the fields of big data and
artificial intelligence, for example. Digital SCDs harness the power of
individual patient data, facilitating collection of real world data that
can be translated into real world evidence, which healthcare clinicians
can use to make informed decisions about patient care [56]. SCDs using
digital technologies for outcome assessment and intervention delivery
provide an important opportunity to enhance the utility of individual
health data (see for example Frontiers in Computer Science Research
Topic Creating Evidence from Real World Patient Digital Data (https://
www.frontiersin.org/research-topics/10089/creating-evidence-from-
real-world-patient-digital-data). Apps for analysing SCD data, such as
Shiny (https://shiny.rstudio.com/) and m-Path (https://m-path.io/
landing/), are available.

1.5. Vision and mission for the International Collaborative Network for N-
of-1 Trials and Single-Case Designs

The need for a SCD community providing opportunities for collabo-
ration, a global communication channel, resource sharing, and knowl-
edge exchange was discussed at a gathering of 26 N-of-1 and SCD ex-
perts working on the Single-Case Reporting In Behavioural interven-
tions (SCRIBE) guidelines [7], in Sydney, Australia in 2015. The idea of
developing a formal collaborative network for individuals with an in-
terest in SCDs was met with solid support, and in 2017 a formal collabo-
rative network called the International Collaborative Network for N-of-
1 Trials and Single-Case Designs (ICN) was established (www.nof1sced.
org). The ICN's vision is a world where personalised clinical studies are

https://link-springer-com.ezproxy.library.uq.edu.au/article/10.1007/s12124-014-9290-2
https://www.frontiersin.org/research-topics/10089/creating-evidence-from-real-world-patient-digital-data
https://www.frontiersin.org/research-topics/10089/creating-evidence-from-real-world-patient-digital-data
https://www.frontiersin.org/research-topics/10089/creating-evidence-from-real-world-patient-digital-data
https://shiny.rstudio.com/
https://m-path.io/landing/
https://m-path.io/landing/
http://www.nof1sced.org/
http://www.nof1sced.org/
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Box 2. Real world examples of uses of SCDs.

Testing treatment effectiveness in replicated SCDs
Simons et al.: Sequential replicated and randomized single-

case experimental design with multiple measures evaluating
Graded Exposure Treatment (GET) for 27 youth with chronic
pain. By follow-up, over 80% of participants had improved
across all primary and secondary outcomes. Avoidance, pain ac-
ceptance, and pain intensity improved during GET over the no-
treatment randomized baseline period, whereas fear and pain
catastrophizing did not improve. All 5 outcomes were signifi-
cantly improved at 3- and 6-month follow-ups. The results sup-
port the effectiveness of graded exposure for youth with chronic
pain and elevated pain-related fear avoidance [38].

Stunnenberg et al.: An RCT of around 60 people found that
mexiletine was effective for treating muscle stiffness in nondys-
trophic myotonia [39]. a comparable level of statistical support
for similar efficacy was found after analysing aggregated data
from just 11 N-of-1 trials [9]. These studies are comparable stud-
ies of mexiletine.

Roustit et al.: 38 patients with Raynaud's phenomenon com-
pleted 2 to 5 treatment blocks of on-demand sildenafil. Aggre-
gated data showed that the probability that sildenafil at 40 mg or
80 mg was more effective than placebo was greater than 90% for
all outcomes except for one. However, the aggregated effect size
was not clinically relevant. Substantial heterogeneity in silde-
nafil's efficacy was observed among participants, with clinically
relevant efficacy in some patients and no efficacy in others [40].

Identifying individual treatment responders and overall
response rate

Mitchell et al.: Forty-three participants completed 84 cycles
of methylphenidate and placebo in random order, exceeding
sample size estimates. Overall, MPH did not improve fatigue
(mean difference 3.2; 95% credible interval −2.0, 9.0; posterior
probability of favourable effect 0.890). Eight (18.6%) partici-
pants showed important improvement, and one participant (2%)
showed important worsening of fatigue on methylphenidate
[41].

Yelland et al.: Of 55 participants who completed at least
one cycle in an N-of-1 trial, the response to gabapentin (defined
by aggregating individual subscale scores (pain, sleep interfer-
ence and functional limitation; frequency of adverse events and
medication preference) was better than placebo in 16 (29%), of
whom 15 continued gabapentin posttrial. No difference was
shown in 38 (69%), and 1 (2%) showed a better response to
placebo [42].

Duggan et al.: An N-of-1 trial of stimulant versus placebo
can show parents of a child with ADHD if the child's ADHD
symptom scores (measured by Conners' Comprehensive Behavior
Rating scales) are better (lower) on stimulants or placebo [36].
Three of four patients studied were clear responders to dexam-
phetamine (including a non-completer, as his results still demon-
strated a clear response). The results were clinically useful in
each case. Management was confirmed for three patients and
changed for one (who ceased dexamphetamine).

Correctly attributing drug side effects
Herrett et al.: Patients often discontinue statins because of

side effects [43], even though some blinded trials have not
shown an excess of symptoms with statins as compared with
placebo [44]. In a recent study using randomised, placebo-
controlled N-of-1 trials with 151 participants who reported se-
vere muscle symptoms when taking statins, no difference in mus-
cle symptom frequency or intensity was found between statin
and placebo periods. Two thirds of people completing the trial
intended to restart treatment with statins [37].

Wood et al.: Patients who had previously discontinued
statins because of side effects that occurred within 2 weeks after
the initiation of treatment were enrolled in a double-blind, three-
group, N-of-1 trial to compare symptoms induced by a statin or

placebo. In patients who had discontinued statin therapy because
of side effects, 90% of the symptom burden elicited by a statin
challenge was also elicited by placebo. Half the trial completers
chose to successfully restart statins [10].

Orloff et al.: In a similar N-of-1 trial looking at metformin
gastrointestinal side effects, metformin was associated with sig-
nificantly lower global treatment satisfaction scores compared to
placebo but participants could not distinguish metformin from
placebo and did not report higher rates of gastrointestinal side
effects on metformin [45].

an integral part of clinical practice and clinical research. Its mission is
to promote, support, and advance the use of personalised clinical stud-
ies using SCDs, and to share relevant knowledge, experience, expertise,
resources, and data through global partnerships between clinicians, re-
searchers, industry, healthcare consumers, and healthcare consumer or-
ganisations. Full details about the ICN's objectives can be found on the
website (www.nof1sced.org/about). In brief they include:

• Raise awareness of and promote use of personalised clinical studies
using N-of-1 trials and other types of SCDs.

• Support clinicians, researchers, industry, and healthcare consumers
to conduct and translate personalised research into clinical care.

• Promote the use of digital technologies to facilitate data collection,
management, and analysis in personalised clinical studies.

1.6. ICN committee and membership

The ICN has a multi-disciplinary executive committee of clinicians,
researchers, industry representatives and healthcare consumers, includ-
ing two network chairs, 10 expert members, 10 theme coordinators (for
medicine, psychology, digital health, statistics, complementary and al-
ternative medicine, nursing, health economics, physiotherapy, occupa-
tional therapy, and nutrition), two early career representatives, and
two healthcare consumers. The committee meets virtually to discuss ac-
tivities and strategy. Several administration officers manage social me-
dia, membership, communications, website, external relations, and
blog coordination.

In May 2021, there were more than 420 ICN members in 31 coun-
tries (Fig. 3), from a range of health and education disciplines. The ICN
provides a platform for members to discuss shared priorities, learn, gen-
erate ideas, share knowledge, and inspire each other, without the bar-
rier of membership fees since it is free to join.

1.7. What the ICN does

Theme coordinators regularly organise short blogs on relevant top-
ics and recommend recently published papers to feature. A monthly
newsletter has links to new blog posts, selected papers, new SCD re-
sources, upcoming events, and other topics of interest, for example rele-
vant journal special issues on SCDs. The ICN's website allows clinicians,
researchers, industry, and healthcare consumers to interact, and pro-
vides a platform to encourage collaboration and discussion. Members
are encouraged to share new SCD ideas and projects, provide updates
on current projects, events, and activities, discuss key research papers
and ask and answer important SCD questions (methodological, clinical,
applied, and theoretical).

1.8. ICN activities and progress to date

The strategic direction of the ICN during its first few years of opera-
tion was informed by an online survey sent to members in 2019 to elicit
their views about key priorities. Seventy-five respondents viewed the
following areas as top priorities for the following few years:

http://www.nof1sced.org/about
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Fig. 3. World map showing countries of origin of ICN members (31 countries in May 2021).

1.9. Network activities

1. Developing a communications strategy to increase awareness of the
ICN

2. Collecting and sharing a comprehensive set of SCD resources,
guidelines and tips

3. Incorporating the consumer perspective in the ICN's objectives and
activities.

1.10. Scientific activities

4. Writing position papers; and guest editing special journal issues
5. Exploring key stakeholder perspectives about SCDs
6. Working to streamline ethical approval processes for SCDs

The ICN's executive committee developed strategic plans for ad-
dressing these priorities, which are briefly described below with a sum-
mary of progress to date.

1.11. Network activities

The ICN has developed a communications strategy to increase
awareness of SCDs. The communication strategy includes:

1. Sharing SCD news, promoting members' publications, resources,
videos, posters, and events through the ICN's website (www.
nof1sced.org), monthly newsletters, and the ICN Twitter (www.
twitter.com/nof1SCED) and LinkedIn (www.linkedin.com/
company/nof1sced) accounts.

2. Involvement in teaching SCD methods to bachelor, Master and PhD
students and clinicians.

3. Explaining SCD methodology with case study examples to
consumer groups to raise the profile of SCD and citizen science.

4. Raising the profile of SCDs through involvement in conferences,
symposiums, and events to showcase methods, applications and
benefits of SCDs.

The ICN collects and shares resources, guidelines and tips for de-
signing, conducting and analysing SCDs. The ICN's resources webpage

provides lists of useful guidelines, books, websites, analysis resources,
e-courses, literature reviews, and special journal issues that cover vari-
ous aspects of the design, conduct, and analysis of SCDs (www.
nof1sced.org/resources). Several members of the ICN have published
accessible “how-to” guides [57,58] and tutorial papers [59–61] to fos-
ter increased knowledge and skills in relation to the design and analysis
of various types of SCDs. The ICN also offers an advice service to answer
specific queries about how to design, conduct, and analyse SCDs.

The ICN's members have delivered workshops where tips for design-
ing, conducting, and analysing SCDs are shared. A successful SCD sym-
posium in Stockholm in 2019 attracted over 250 participants. This was
a conference focussing solely on Single Case Designs, run by ICN mem-
bers PO, JV, and RW. A second international SCD symposium was held
online in 2021 (https://ppw.kuleuven.be/ogp/smallisbeautifulagain)
attended by 261 participants. Other planned workshops are listed on
the ICN events webpage (www.nof1sced.org/events). Another ICN
member hosted a virtual symposium consisting of 10 video talks from
experts in the SCD field, including ICN chairs JN and SM, which have
been posted online for general viewing (www.nof1sced.org/virtual20).
These activities represent a useful way to raise awareness and knowl-
edge about SCDs.

The ICN supports consumer engagement and partnership to incorpo-
rate the healthcare consumer perspective. Healthcare consumers fre-
quently test treatments and try different management strategies to im-
prove health and/or quality of life, often without good tools beyond a
diary, a mobile phone, and perhaps a heart rate or activity monitor.
SCDs offer a more rigorous method. Consumers are part of the ICN's ex-
ecutive committee, are involved in setting and implementing the ICN's
agenda, and have contributed to this article. The ICN's consumers pro-
vided crucial input into ICN's consumer and partnership engagement
strategy (www.nof1sced.org/consumers). We will develop healthcare
consumer accessible materials to facilitate understanding about the IC-
N's objectives and the relevance of individualised health research. We
will continue to elicit consumers' perspectives about ICN priorities and
activities going forward.

http://www.nof1sced.org/
http://www.nof1sced.org/
http://www.twitter.com/nof1SCED
http://www.twitter.com/nof1SCED
http://www.linkedin.com/company/nof1sced
http://www.linkedin.com/company/nof1sced
http://www.nof1sced.org/resources
http://www.nof1sced.org/resources
https://ppw.kuleuven.be/ogp/smallisbeautifulagain
http://www.nof1sced.org/events
http://www.nof1sced.org/virtual20
http://www.nof1sced.org/consumers
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1.12. Scientific activities

Organisers of the “Small is Beautiful” symposia on SCDs have writ-
ten a position paper summarising the 2019 conference presentations
and pre-conference expert meeting [62]. The ICN co-chairs JN and SM
have guest-edited a special issue on N-of-1 trials in Healthcare, [63] and
with others are co-editors of a Frontiers special research topic “Creating
evidence from real world patient digital data,” [64] which showcases how
SCDs are consistent with the movement towards the collection of real-
world data to develop real-world evidence [56], by collecting patient-
generated data from in-home-use settings and via mobile devices. As of
May 2021, these special issues have had >22,000 [63] and >50,000
views [64] (the latter in particular from US, Germany, China, France,
and UK) respectively). The interest generated by these special issues
supports the view that there is increasing interest in SCDs.

An important aspect of the ICN's work is exploring barriers and con-
cerns in relation to SCDs. Despite the unique advantages of SCDs and
availability of how-to articles for clinicians [57,65] and researchers
[66], they are not yet broadly adopted. Barriers identified by doctors
are lack of time and awareness, and insufficiently valuing reduced ther-
apeutic uncertainty against inconvenience [12]. The ICN co-chairs SM
and JN and other ICN members have conducted a systematic review of
stakeholder perspectives about SCDs [67] and are conducting a qualita-
tive study to identify the issues impeding wider uptake of SCDs in
healthcare from the perspective of various stakeholder groups includ-
ing health professionals, patients, clinical trial coordinators, research
methodologists, biostatisticians, Institutional Ethics Review Board
members, journal editors, regulators and health research funders [68].
The findings from these projects will inform the design and implemen-
tation of strategies to address the barriers identified.

In addition, ICN members including JN, SM, and JM addressed some
common statistical and design concerns regarding aggregated (pooled)
N-of-1 trials (e.g., carry-over effects, selection bias), comparing them to
traditional group-based parallel and cross-over RCTs using statistical
simulation. Findings showed appropriately designed aggregated N-of-1
trials offer substantial advantages over these alternative designs [14].
N-of-1 trials outperformed both traditional parallel RCTs and crossover
designs when trial designs were simulated in terms of power and re-
quired sample size to obtain a given power and allowed better estima-
tion of patient-level random effects.

Simplifying ethics applications for SCDs is important to facilitate fu-
ture SCD clinical research, especially when only one participant is in-
volved [69,70]. In addition, ethics approval is not needed if the SCD is
solely for clinical care, which has previously led to uncertainty and de-
bate about whether SCDs require ethical approval. ICN members are
addressing this issue in various countries (e.g., The Netherlands) and
have developed a practical a flowchart to support decision making
about whether ethics approval is needed for a particular context [71].

1.13. Future directions for the ICN

SCD databases, platforms, and registries are an important part of the
ICN's future direction. An open, transparent, deep phenotype data bank
is needed, where SCD protocols, Case Report Forms and data can be de-
posited; a collaborative proposal for this has been developed, facilitated
by the availability of SCD compatible disease registries. The databank
will have implications for data management, collaborations, consent
models, method development, and utility of digital tools for data collec-
tion. The ICN is also supporting the development of Trial-Ready Reg-
istry Framework, a digital infrastructure to support N-of-1 and adaptive
clinical trials [72]. To facilitate clinicians becoming more amenable to
engaging with trial-ready protocols, this open-source solution will en-
able seamless capture and linkage of clinician-entered and patient-
reported data with health system administrative data, improving effi-
ciencies for assessing and connecting eligible patients to trials, support-

ing efficient systematic capture of trial data, and enabling near real
time Bayesian analysis for novel trial designs. The platform is designed
to facilitate and simplify the process for clinicians and researchers to
conduct N-of-1 (and other) clinical studies using trial-ready or tem-
plate-generated protocols, and to responsibly store and share data. A
trial-ready system will facilitate clinician involvement, but other issues
may remain, such as clinicians' lack of awareness or understanding
about SCDs and difficulties obtaining funding. Management of consent
and privacy in data banks and registries is of high concern to con-
sumers, so a priority area to focus on is establishing a relationship of
trust with healthcare consumers.

2. Conclusion

The future looks bright for SCDs, especially now that digital health,
precision medicine, and consumer engagement in research are strongly
shaping the healthcare and clinical research landscapes. SCDs offer
unique advantages for enhancing clinical service delivery and clinical
research for individuals and groups of patients and should be more
widely used. The ICN exists to facilitate engagement with SCDs through
a range of activities to raise awareness, knowledge and skills, as well as
through the conduct of empirical collaborative research to identify and
address the challenges and barriers that currently prevent widespread
adoption. We hope our work, facilitated by leveraging the utility of dig-
ital tools [73], will lead to wider adoption of SCDs across healthcare.
We call on clinicians, researchers, industry, and healthcare consumers
to learn more about SCDs and encourage them to join our growing com-
munity that is collectively committed to utilising SCDs to produce bet-
ter health outcomes for individuals and populations.
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