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Randomised clinical trials are the
preferred method for establishing

average intervention effects for groups.

Using key methodological elements of
these trials, n-of-1 trials provide
rigorous evidence of intervention
effects for individuals. N-of-1 trials are
particularly useful for situations where
randomised clinical trials are not
always feasible or appropriate, such as
for individuals with rare diseases,
comorbid conditions, or using
concurrent treatments. N-of-1 trials
enhance precision when intervention
effects are heterogeneous between
individuals. Here, we describe an
extension to the SPIRIT (standard
protocol items: recommendations for
interventional trials) guideline, SPENT
(SPIRIT extension for n-of-1 trials), to
improve the completeness and
transparency of n-of-1 trial protocols.
SPENT is also aligned with the
CONSORT (consolidated standards of
reporting trials) extension for n-of-1
trials (CENT). The guideline
development group followed the
development strategy for reporting
guidelines endorsed by the EQUATOR
Network. SPENT began with a

SUMMARY POINTS

n-of-1 trial protocols

We have developed SPENT (SPIRIT extension for n-of-1 trials), a 14 item
extension of SPIRIT for n-of-1 trial protocols, a checklist for n-of-1 protocol
abstracts, and additional guidance for eight SPIRIT items where trialists could
encounterissues specific to n-of-1 trials

This reporting guideline is to improve the completeness and transparency of

SPENT is also aligned with the CONSORT (consolidated reporting items for trials)
extension for n-of-1 trials (CENT) to create concordance between the reporting of
a trial’s protocol and its results
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systematic review for n-of-1 protocol
recommendations. After analysis to
identify possible SPENT items, a three
round Delphi process was
implemented, with international
participation involving researchers,
patient advocates, and other
stakeholders. This was followed by
in-person meetings and email
discussion of the SPENT group to
achieve consensus. SPENT has 14
extension items specific to n-of-1 trials,
a checklist for n-of-1 trial protocol
abstracts, and additional guidance for
eight SPIRIT items where trialists could
encounter issues specific to n-of-1
trials. This paper describes the
rationale and development process,
and provides examples and
explanations for each SPENT checklist
item.

N-of-1 trials
Well conducted, randomised clinical trials create the
evidence base that informs modern medical practice,
guidelines, and regulatory decisions."! However,
these trials estimate average treatment effects, pro-
viding little information about heterogeneity and no
information about individual treatment effects.? >
Randomised clinical trials are not always feasible, are
rarely conducted on rare diseases, and often exclude
individuals with comorbid conditions or concurrent
treatments even though these individuals constitute
the majority of patients.”“*> Based on the methodology
of randomised clinical trials, n-of-1 trials can
rigorously measure intervention effects for individuals,
either singly or in a series.®

In an n-of-1 trial, each individual receives both
intervention and comparator in a multiple crossover
design, allowing the effect of the treatment to be
measured separately for each individual. N-of-1 trials
work best for conditions that are stable over the period
of evaluation, using interventions with a relatively
quick onset of action and quick termination of effect
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when discontinued, although they are robust for use in
many non-ideal situations.”®” N-of-1 trials can also bea
useful tool for gaining insight into individual variation
with regards to intervention effect.® ® A systematic
review of n-of-1 trials showed their use across many
health conditions and for many interventions, both
pharmacological and non-pharmacological; the use of
these trials is slowly increasing over time.’

N-of-1 trials provide opportunities to enhance care
that is both patient centred and evidence based.®’ *°
N-of-1 trials can more easily accommodate patient
preferences, goals, and outcomes (eg, through the
use of the MYMOP (measure your medical outcome
profile) tool'!) and can enhance shared decision
making between individuals and their healthcare
providers. For example, the PREEMPT (personalised
research for monitoring pain treatment) study
allowed individuals to choose their own treatment
comparisons.> N-of-1 trials can also be used to
evaluate ongoing effectiveness of chronic treatments
as well as reduce ineffective polypharmacy (especially

Box 1: Methodological terminology typical in n-of-1 trial reports

N-of-1 trial

An experimental clinical study design to determine the effect of an intervention

in one study participant. SPENTis intended to be used to report protocols for
repeated challenge-withdrawal (that is, ABAB) trials, commonly used in medicine,
in which multiple crossovers between interventions and control (placebo, standard
care, alternate treatment) are continued for a prespecified amount of time or until
intervention effectiveness is determined. More than two intervention alternatives
might be compared to each other or control (that is, ABCABC).

Period

The time during which one intervention (A or B) is administered. Period length is
typically determined a priori and can vary within a trial. The order of periods within a
pairorintervention block may be randomised. In behavioural analysis, the analogous
termis “condition.”

Blockor pair

Arepeated unit of a set number of periods in n-of-1 trials is referred to as a block, in
which the sequence of periods may or may not be randomised (eg, three blocks of four
periods might be AABB BBAA ABAB). By convention, when the repeated unit contains
only two periods (eg, three sequential two-period units might be AB BA BA), the unitis
conventionally referred to as a pair.

Cycle

Each pairorblock within a sequence is often termed a cycle.

Sequence

Multiple pairs or blocks comprise an entire sequence. The sequence is the consecutive
set of blocks, and may or may not indicate the number of periods within the repeated
unit.

Washout period

Aperiod in which no intervention is administered. Awashout might be administered
between different intervention periods or might act as a period in itself, as in a reversal
design (to wash out the effects of an intervention before it is readministered).

Run-in period

A prespecified duration of time before a trial begins, during which trial interventions
might be initiated (eg, to get to a stable therapeutic dose), to determine potential

participant compliance with study regimens or to wash out the effects of a drug taken
by a participant before the trial.

when multiple treatments are used for one indication).
The incorporation of patient preferences, ongoing
treatment and measurement engagement, and
provision of all treatment options suggest that the n-of-
1 design offers multiple opportunities to maximise
adherence, both during the trial and for post-trial
care.”>® Finally, n-of-1 trials build useful evidence
when the best intervention option for an individual is
unclear, including potential off-label use and lack of
applicable evidence.

Terminology

Research with a single person has a long history
within both social and medical sciences.® To facilitate
accurate interpretation, we will use the term “n-of-1”
in accordance with modern nomenclature—that is, to
refer to multiple crossover trials in one individual.!”
SPENT (SPIRIT extension for n-of-1 trials) is specific
and restricted to the n-of-1 trial, as opposed to other
designs of single person trials. In older articles, “n-
of-1” could have referred to any form of research in
a single person or a case report, while actual n-of-1
trials might not have used the n-of-1 designation. N-of-
1 terminology, originally published in the CONSORT
(consolidated reporting items for trials) extension
for n-of-1 trials (CENT) guidelines, is reproduced in
box 1.8

Protocol reporting guidelines

Reporting guidelines promote transparent, accurate,
standardised reporting.'® ?° They define a minimum
set of expected components, facilitating accountability
and comparability between trials. A research protocol,
the written summary of all key aspects of a planned
research project, enhances a study’s planning,
ethical oversight, execution, evaluation, and results
dissemination.’” Many people use the protocol:
the investigators and staff who implement the trial
processes, monitor progress, and evaluate the data;
scientific review boards who assess the quality and
thoroughness of the research design; and the ethics and
monitoring boards who ensure participant safety and
care throughout the trial and through to peer review
and publication. Thus, a thorough protocol facilitates
transparency, clarity of process, and reproducibility
of the research, while limiting publication bias such
as selective outcome reporting.”* >* To ensure quality
in the development of randomised clinical trials, the
SPIRIT (standard protocol items: recommendations
for interventional trials) statement was developed
using recommended methods.”” ?° 2 The purpose
of developing the SPIRIT extension for n-of-1 trials
reporting guideline and checklist (SPENT) was to
provide guidance on the development and publishing
of n-of-1 trial protocols.

Methods to develop SPENT

Previous work has identified problems with n-of-1
trial reporting (CENT relative to CONSORT),8 2* and
gaps in n-of-1 protocol recommendations relative to
SPIRIT.” Using a recommended process, members
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from the SPIRIT and CENT teams have developed the
international, consensus based, SPENT guideline.
This extension deals with protocol issues specific to
n-of-1 trials, and ensures alignment with the parallel
reporting issues in CENT.

The development process followed the recom-
mended process framework from members of the
Enhanced Quality and Transparency of Reporting
(EQUATOR) Network’s executive group.” The primary
SPENT authors, with experience from SPIRIT (A-WC),
CENT (RLK, CHS, LS, SV), clinical n-of-1 trials (AO,
SP, PR), and the project coordinator (AJP), began
with a systematic review of n-of-1 trial protocol
recommendations (AJP, SP).”” The search included
both medical and psychosocial databases (Medline,
Embase, PsycINFO, CINAHL, Cochrane Methodology
Register, CENTRAL, and the United Kingdom’s
health service) to increase the identification of
relevant articles. Public and private medical research
organisations from Australia, Europe, and North
America were asked for n-of-1 protocol guidelines;
none had any available. The search results, consisting
of 18 detailed n-of-1 implementation guides (no
reporting guidelines), were analysed by use of a matrix
to compare their recommendations with the SPIRIT
and CENT reporting items. The analysis highlighted
several n-of-1 trial design differences relative to the
SPIRIT and CENT checKklists (eg, intervention choices,
modification and stopping criteria, statistical methods,
and safety and data monitoring), and emphasised
the opportunities for participant input into the trial
design. From this matrix, a preliminary set of SPENT
items was created on the basis of SPIRIT, with CENT
wording when possible. SPENT also takes into account
the ethical principles and considerations for protocols
mandated by the 2008 Declaration of Helsinki.’

The preliminary checklist was refined through
three rounds of a Delphi consensus process.’® This
work involved input from 53 international panellists
from Australia, Canada, China, France, Germany,
Greece, South Africa, UK, and the United States. They
included 34 healthcare professionals and trialists, 28
methodologists, six statisticians, five representatives
from government and private funding organisations,
four patient representatives, three health technologists,
three medical and trial managers, two journal editors,
one ethicist, and one medical insurance organisation
representative (roles not mutually exclusive). Twenty
three individuals had been involved in the development
of other reporting guidelines.

In all rounds, the panellists rated each item on an
eight point scale (definitely reject; probably reject;
maybe reject; undecided; maybe keep, probably
keep, must keep; and no judgment) and provided
comments and suggested new items. Summaries of
votes, comments, and suggestions were included in
subsequent Delphi rounds; after discussions in rounds
1 and 2, changes to items were made for round 3.
After the third round, items with a median score of six
(maybe keep) or above were kept, items with a median
score of two (probably reject) or less were excluded.

thebmj | BMJ2020;368:m122 | doi: 10.1136/bmj.m122
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Two discussion meetings were held with the 18 SPENT
group members to achieve consensus on the remaining
items and discuss refinements to the wording of the
final guideline items based on Delphi comments.
Discussions continued until consensus was reached
on all items.

With the SPENT checklist drafted, this statement
was written, with oversight and input from the primary
writing group. The principles considered here are
largely derived from SPIRIT and CENT, with additional
input from the SPENT development participants. The
draft checklist and statement were then reviewed
and finalised by the entire SPENT group. The SPENT
checklist and extension documents will be made
available through the SPIRIT website (wWww.spirit-
statement.org) and the EQUATOR library of reporting
guidelines (www.equator-network.org).

Increasingly, published protocols include an
abstract, although protocol abstract guidelines
have not been published. However, CENT includes
recommendations for abstracts,'® based on the
CONSORT statement,?* and these were adapted using
the SPENT checklist items by consensus of the SPENT
group. Reference to the abstract guideline was added
as an additional SPENT item (item 1b).

SPENT checklist

The SPENT checklist is a formal extension of SPIRIT,
with 14 items specifying adaptations or considerations
specific to n-of-1 trial protocols (appendix table 1).
It is also aligned with CENT, using CENT wording
as much as possible for similar reporting items. This
alignment will create a cohesive continuum from
protocol to completed trial report that will facilitate
both the researcher’s production of the trial report,
and any assessment of the final report’s adherence to
the protocol (fig 1).

About 60% of n-of-1 trial publications report on a
series of trials in more than one participant.” Thus,
as appropriate and as specified, SPENT items include
recommendations for both single and prospectively
planned series of n-of-1 trial protocols. SPENT

Research question

Use SPENT l
Design trial

Register study
Publish protocol

Collect, analyse data
Results to each patient

Use CENT l
Write up trial

!

Report/publish trial
Share/deposit data

Fig 1 | Research and reporting flow
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also considers the emerging emphasis on patient
participation in the research development processes.

Each SPENT item includes an example and
explanation of the issue considered by the new or
updated item. An additional eight items (identified
below as “SPIRIT (no change)”) detail n-of-1-specific
considerations for those SPIRIT items. Describing the
details recommended in the 14 SPENT checklist items
andaddressing theadditional n-of-1 considerations will
ensure the needed transparency and thoroughness for
n-of-1 protocol reporting, and enhance reproducibility
and accountability in research reporting.

Applying the SPENT checklist

Explanations are provided here for all n-of-1-specific
protocol considerations identified in the development
process. Some SPENT items are minor modifications,
others are major revisions or are new relative to SPIRIT.
The SPENT items are meant to be used instead of
SPIRIT, unless indicated (that is, specified here with
“SPENT extension (in addition)” or if SPENT specific
commentary is provided (“SPIRIT (no change)”
items)). In most cases, a general SPENT item applies
to both single and series trials (including individual
trials within a series), unless the phrases “for series”
or “in addition for series” specifically refer to issues
not applicable to individual participants or trials.
Consulting the explanations and examples for
each checklist item will provide additional insight,
guidance, and rationale for each item.

Many trial design and reporting issues explained
in the SPIRIT explanation and elaboration (E&E)
document are relevant, as written, to n-of-1 trials.??
Thus, for all items, readers should refer to that SPIRIT
document for insight and explanation of the item.
Similarly, some n-of-1 topics are thoroughly explained
inthe CENT E&E document, and for those topics readers
will be directed to that document.”! As per SPIRIT,
empirical evidence was used when possible to inform
explanations. The n-of-1 research base is significantly
less developed than for randomised clinical trials with a
parallel group design; in some instances, the inclusion
of some items or their explanations are based on a
strong pragmatic or ethical rationale, but examples
of good reporting could not be found in the published
n-of-1 literature. When available, examples from n-of-
1 protocols reflect n-of-1 context and interpretation of
the item. Some examples effectively illustrate a specific
component of the checklist item, others refer to all key
aspects of the item.

Patients as contributors and collaborators

The importance of the patient voice in clinical research
has received growing recognition; patients might
engage as participants in the trial, in an advisory role,
or as study collaborators and coinvestigators.”’ 2’ The
Patient-Centered Outcomes Research Institute in the US
encourages patient input in all aspects of the research
process, including research design.?” The n-of-1 trial
focus on determining intervention effectiveness for an
individual patient provides several opportunities for
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patient involvement in n-of-1 protocols; patients can
and should be involved in determining specific issues
such as possible interventions or comparators, as well
as the trial’s goals and choice of outcomes.” *! For a
series of n-of-1 trials, the desire to aggregate results
could impose some restrictions on designs options,
which might reduce opportunities for patient input.
Acknowledgment of patient involvement in protocol
development and implementation should occur with
appropriate informed consent and awareness of the
potential impacts on participant confidentiality and
anonymity.

Use of SPENT for n-of-1 trials for personal/clinical
care

Although SPENT was developed for research appli-
cation, n-of-1 trials can be undertaken for research,
clinical care, or other health purposes (eg, response
to environmental factors, self-efficacy), or to achieve
a combination of these goals.” *° When undertaking
an n-of-1 trial primarily to guide an individual
patient’s healthcare decision, clinicians can consult
SPENT’s checklist and explanation items relevant
to individual trials; item explanations include
commentary on care issues when appropriate. While
SPENT recommendations include best practices and
possible ethical issues for research,?>! clinical practice
and healthcare assessments might not require the
same processes recommended in some items (eg,
background and rationale (item 6a), research ethics
approval from a research ethics council or institutional
review board (item 24)). Chapter 2 of the Agency for
Healthcare Research and Quality’s guide to n-of-1
trials includes a detailed discussion of issues about
clinical care versus research when using n-of-1 trials.*?

Section 1: Administrative data

Title—item 1a

SPIRIT: Descriptive title identifying the study design,
population, interventions, and, if applicable, trial
acronym.

SPENT extension (in addition): Descriptive title
including “n-of-1 trial” and “protocol.” For series:
Descriptive title including “a series of n-of-1 trials” and
“protocol.”

Example

“Ephedrine as add-on therapy for patients with
myasthenia gravis: protocol for a series of randomised,
placebo-controlled n-of-1 trials.”**

Explanation

For easy and rapid identification of relevance of a
protocol during any search, the title should prominently
focus on Kkey, recognisable terminology. There are
often conflicting demands on published protocol
titles, including potential character limitations, but a
good title should convey information about the topic,
treatments, trial acronym (if any), and trial design as
an n-of-1 trial or series of trials. Additionally, it should
alert readers that the document is a trial protocol.

doi: 10.1136/bmj.m122 | BMJ 2020;368:m122 | thebmyj
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Abstract—item 1b
SPIRIT: None (new for SPENT).

SPENT extension: Structured summary (see SPENT
guidance for abstracts (appendix table 2).

Example

“Central nervous system stimulants for secondary
attention deficit-hyperactivity disorder after paediatric
traumatic brain injury: a rationale and protocol for
single patient (n-of-1) multiple cross-over trials

“Background: It is estimated that 22800 children
were living with an Acquired Brain Injury (ABI)
(0.6% of children aged under 15 years) in Australia
during 2003. Many children after a traumatic brain
injury will experience difficulties with attention
and concentration; a condition termed secondary
Attention Deficit-Hyperactivity Disorder [ADHD].
There is conflicting evidence on whether treatment
with stimulant therapy with medications such as
methylphenidate or dexamphetamine will improve
the attention and behaviour of children with this
condition.

“Methods and analysis: Single patient trials
(n-of-1s or SPTs) evaluate the effect of titrated
doses of psychostimulants methylphenidate or
dexamphetamine compared to placebo on attention
and behaviour, in children with TBI [traumatic brain
injury] and secondary ADHD. The aggregation of
multiple SPTs will produce a population estimate of
the benefit. Forty-two children will be registered into
the trial through rehabilitation services at three large
children’s hospitals in Australia. Patients will complete
up to 3 cycles of treatment. Each cycle is 2 weeks long
comprising seven days each of treatment and placebo,
with the first two days of each cycle considered a
washout period and the data not analysed. The order of
treatment and placebo is randomly allocated for each
cycle. The Conners’ Parent Rating Scales long forms
will be employed to measure change in attention-
deficit/hyperactivity and related problems of the child,
and the primary outcome measure is the Conners’
Global Index Parent Version. Secondary outcomes
include the teacher and child (if aged >12 years)
Conners’ Rating Scales, the Behaviour Rating Inventory
of Executive Function among other measures. This
study will provide high-level evidence using a novel
methodological approach to inform clinicians about
the most appropriate treatment for individual children.
Through aggregation of individual trials, a population
estimate of treatment effect will be provided to guide
clinical practice in the treatment of children with
secondary ADHD after a traumatic brain injury.

“Discussion: This study employs an innovative
methodological approach on the effectiveness of CNS
[central nervous system] stimulants for secondary
ADHD from a brain injury. The findings will both guide
clinicians on treatment recommendations, and inform
the concept and acceptance of SPTs in paediatric
research.

“Trial registration number: Australian New Zealand
Clinical Trials Registry. ACTRN12609000873224.7%

thebmj | BMJ2020;368:m122 | doi: 10.1136/bmj.m122
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Explanation

Abstracts should be an efficient summary of the
document, enabling readers to quickly assess key
points of the article, including the design type (n-of-
1) and document purpose (eg, protocol, results). With
protocol publication increasingly being encouraged,
the SPENT recommendations were used to adapt the
CENT abstract recommendations, focused on key items
relevant to n-of-1 protocols.

Section 2: Introduction
Background and rationale—item 6a
SPIRIT: Description of research question and
justification for undertaking the trial, including summ-
ary of relevant studies (published and unpublished)
examining benefits and harms for each intervention.
SPENT extension: Description of research question
and justification for undertaking the trial, including
summary of relevant studies (published and un-
published) examining benefits and harms for each
intervention, and rationale for using n-of-1.

Example

“Background and rationale: Oral mucositis is inflam-
mation and necrosis of the oropharyngeal mucosa,
resulting in pain, erythema and ulceration. Mucositis
may be caused by a multitude of agents including
chemotherapy, irradiation and microorganisms such as
herpes simplex virus (HSV). It isa common consequence
of chemotherapy, occurring in approximately 40% of
standard-dose chemotherapy regimens.! Mucositis
is an important sequela of cancer therapy for many
reasons. First, it is painful and decreases the quality
of life for affected patients. Second, this pain may
be sufficiently severe to require hospitalization for
alimentation, hydration or parenteral analgesia. This
increased health care utilization increases the costs
of cancer treatment, with the presence of mucosal
ulcers being associated with $42,749 higher mean
hospital charges (compared to the absence of ulcers)
in one economic analysis.! Third, as chemotherapeutic
regimens have become more intense, oral mucositis has
become a major dose-limiting toxicity. Consequently,
mucositis may limit delivery of anti-cancer therapy,
possibly decreasing the chance of cancer-free survival.
Finally, mucositis represents a breach of the oral
mucosal integrity, allowing entry of oral microflora
with subsequent bacteremia and sepsis . . .

“Vitamin E is a fat-soluble essential vitamin. Vita-
min E may augment the chemotherapeutic index of
doxorubicin by protecting against doxorubicin-induced
normal tissue damage while improving anticancer
activity. This apparently paradoxical activity has been
explained by Myers who suggested that doxorubicin has
two mechanisms of cellular injury that differentially
affects normal and tumour cells.'* One mechanism
involves tissue toxicity via oxidative damage; this
mechanism is preferentially responsible for normal
tissue damage and is blocked by vitamin E. The second
involves binding of doxorubicin to DNA with resultant
DNA fragmentation and inhibition of DNA synthesis.
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This mechanism is preferentially responsible for anti-
tumour activity and is not antagonized by vitamin E.'*

“We plan to study the efficacy of topical vitamin
E in the prevention of chemotherapy induced oral
mucositis. Although a standard double-blind RCT
[randomised controlled trial] might be feasible in
adults with cancer, there are significant limitations
to this design in paediatric patients. [These include
access to population, and wide inter-patient variability
in the incidence and severity of mucositis] . . .We have
chosen instead to use an innovative trial design. Our
method involves combining multiple n-of-1 trials
using Bayesian meta-analysis. With this technique,
repetition of the chemotherapeutic agent for a
minimum of 2 cycles is required . . . This manoeuvre
reduces variability of the outcome of interest and
consequently improves the power of the study
compared to a traditional RCT. Only children receiving
at least 2 cycles and preferably 4 cycles of doxorubicin
administered in an identical fashion (doxorubicin
dose and concurrent chemotherapy) will be included.”
(Unpublished protocol by Sung L et al, personal
communication, 2015.)

Explanation
The rationale for the choice of the n-of-1 design should
be included, and clearly fit with the research question.
Not all readers are familiar with the n-of-1 design, why
it would be considered, and when it is appropriate.
Guyatt et al proposed guidelines for undertaking
clinical n-of-1 trials’; reporting which relevant criteria
were considered in the decision to use an n-of-1 trial
would be helpful for evaluating the protocol.
Individual n-of-1 trials should, at a minimum,
undertake a review of the literature as part of the
trial protocol development. For all n-of-1 trials, it is
strongly recommended that an up-to-date systematic
review be summarised and cited in the protocol.>® The
importance of such reviews is explained in the SPIRIT
E&E document.?

Background and rationale—item 6b
SPIRIT (no change): Explanation for choice of com-
parators.

Commentary: For active controls and usual or
standard care, refer to SPIRIT item 6b.”” Some
of the concerns about the use of a placebo as
comparator'® > 37 are mitigated by the use of the n-of-
1 design, because participants receive all comparator
interventions. That does not lessen the necessity of
careful consideration of the use of a placebo relative to
the value of other potential active comparators.

Trial design—item 8
SPIRIT: Description of trial design including type
of trial (eg, parallel group, crossover, factorial,
single group), allocation ratio, and framework (eg,
superiority, equivalence, non-inferiority, exploratory).
SPENT extension: Description of the trial design
as either an n-of-1 trial or series of trials, allocation
ratio, and framework (eg, superiority, equivalence,
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non-inferiority, exploratory). In addition for series:
Explanation of the series design including whether the
design will be tailored to each participant.

Examples

“Given the contradictory findings in the literature,
and the potential benefits to children if effective, this
protocol will describe a study that identifies both
the children who will benefit and those who will not
on a case-by-case basis and provides a population
estimate of treatment effect using an aggregated
n-of-1 trial design . . . The study drug to be tested is
Methylphenidate or Dexamphetamine versus Placebo.
The dose to be trialled will be individually titrated to
each child as per accepted clinical practice, before
randomisation (see below).”**

“This is a TE [therapeutic equivalence] study
using n-of-1 trails or tests. Each n-of-1 test will be a
randomized, partially blind, multiple-crossover study
designed to simulate the routine clinical practice of
switching a patient between generic and brand forms
of enalapril.”*®

Explanation

The trial design should be stated early on because it
creates the context for the methods. For n-of-1 trials,
an early statement about the use of the n-of-1 design
(or series of n-of-1 trials) is appropriate. The framework
of the design sets many choices, including the study
methods, choice of comparator, conduct, analysis, and
interpretation; it is also important for auditing and
accountability. The framework should therefore always
be clearly stated.

N-of-1 trials might be tailored to each participant,
adjusting factors such as period length, dosing,
number of crossovers, or response-adaptive designs.>’
Planned types of individualisation should be docu-
mented, and relevant details included in other aspects
of the protocol, such as interventions (item 11a),
modification (item 11b), analysis (items 20al and
20a2), and monitoring (item 21a).

N-of-1 trial protocols might be developed for non-
pharmacological (practitioner-dependent) interven-
tions. SPENT recommends that for such interventions,
authors should also refer to the CONSORT extension
for trials assessing non-pharmacological treatments.*

Section 3A: Methods—participants, interventions, and
outcomes
Eligibility criteria—item 10
SPIRIT: Inclusion and exclusion criteria for participants.
If applicable, eligibility criteria for study centres and
individuals who will perform the interventions (eg,
surgeons, psychotherapists).

SPENT extension (in addition): Diagnosis/disorder,
diagnostic criteria, comorbid conditions, and con-
current treatments. For series: Same as SPIRIT item 10.

Example
“Study participants include patients as well as their

regular treating clinicians. Clinicians are recruited
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first, and must have completed residencies in internal
medicine, family medicine, or pain medicine or be
practicing nurse practitioners or physician assistants.
Patients, recruited from the practices of consenting
clinicians, are required to meet the following criteria:
English speaking adults between 18 and 75 years
old who have experienced on-going musculoskeletal
pain for 6 weeks or longer; own an eligible iOS or
Android smartphone or tablet; have a pain score of
4 or higher (on a 0 to 10 scale where 10 is the ‘worst
pain imaginable’) on at least 1 of 3 items from the
PEG pain scale®* 3! and in the judgment of the treating
clinician, have pain potentially amenable to treatment
with acetaminophen, NSAIDs [non-steroidal anti-
inflammatory drugs], low-dose opioids, tramadol, a
complementary/alternative treatment such as massage
or meditation, or a combination of these treatments
(since these treatments are among those offered on the
Trialist ‘menu’ [the study is about the feasibility of the
Trialist programme]). Patients are excluded if they are
pregnant or breastfeeding; have undergone surgery,
radiation or chemotherapy treatment for cancer in
the past 5 years; or have other medical conditions or
behaviors, such as bipolar disorder or current alcohol
or prescription drug abuse, rendering them unsuitable
for the trial. (See Table 1 for a complete list of patient
inclusion and exclusion criteria.)”*?

Explanation

For single participants, inclusion and exclusion
criteria are not usually used; instead, the particular
participant’s demographics are described, as per
the SPENT inclusion. CENT 2015 E&E items 4a
(participants) and 15 (baseline data) discuss the
reasons for reporting this information, and describe
the appropriate data to include for both single and
series n-of-1 trials.”! SPIRIT 2013 E&E item 10 also
provides details on series reporting.>>

Interventions—item 11a
SPIRIT: Interventions for each group with sufficient
detail to allow replication, including how and when
they will be administered.

SPENT extension: Interventions for each period with
sufficient detail to allow replication, including how
and when they will be administered, planned number
of periods and crossovers, and duration of each period
(including run-in and washout details, if applicable).
In addition for series: How the design will be tailored
to each participant, if applicable.

Examples

“This study is a series of randomised, double-blind,
placebo-controlled, multi-centre, single patient (N-of-
1) Trials [SPTs]. In this SPT, the participant undergoes
3 pairs of treatment periods. As [Methylphenidate
hydrochloride (MPH)] has a short half-life (4 hours),
the clinical effect is achieved quickly and a steady
state is reached after 5 half-lives (i.e., 20 hours). This
allows a treatment period of 3 days (and 6 days for
each treatment pair), making a total of 18 days for
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patients to complete the full trial. No assessment of
efficacy is taken on the first day of each 3-day period
to allow for medication wash-out. In each cycle,
drugs are randomly allocated to patients with both
investigators and patient blinded (fig 1). At the end of
the trial, the order of medications within each of the
three cycles is unmasked. Repeated results from the
outcome assessments in the same direction favouring
the treatment can be reported in terms of a probability
that the result is true.”*!

“Allowable n-of-1 trials will last a total of 4 to 12
weeks depending on the trial parameters selected.
Trial parameters include the duration a patient is on
each treatment before switching treatments (7 or 14
days), and the number of treatment pairs (cycles) they
complete (2, 3, or 4). At least two cycles (for example,
ABAB, BABA, ABBA, or BAAB) are required for a valid
n-of-1 trial. (Table 2 shows examples of possible trial
configurations.) The clinician and patient jointly select
a start date for the n-of-1 trial, allowing for time to fill
prescriptions. The n-of-1 trial parameter bounds were
selected to provide a compromise between greater
precision (for example, increasing number of cycles),
and practicality (that is trial lengths that maintain
patient interest).”*?

Explanation

SPIRIT 2013 E&E item 11a provides a thorough
discussion about reporting intervention descriptors.*?
Additionally, authors should refer to the reporting
recommendations of the Template for Interven-
tion Description and Replication (TIDieR) reporting
guideline.*?

The SPENT extension item additions reflect the
need to document aspects of n-of-1 trial design
needed for transparency and replication. As multiple
crossover trials, this includes the number and length
of the periods, and details of run-in or washout periods
including their rationale and length.’ Any details
about how trial design components might be tailored
to individual participants (eg, dosing, period length,
choice of number of crossovers, response-adaptive
design components, washout period) should be
described.*

If used at the start of a trial, a run-in period can
help to document a stable baseline state, determine
tolerability, assess potential study regime adherence,
or wash out any pretrial interventions if needed.***® A
run-in period might also occur at the beginning of any
period of an intervention in a trial, if the intervention
requires ramping up to the trial’s therapeutic dose.
Although measurements taken during such ramping-
up periods are documented, they are not typically
included or analysed with the main trial results.

Washout periods are added at the end of intervention
periods to give time for the effects of the intervention
in a period to wear off before instigating the next
intervention, thus limiting potential carry-over of the
intervention effects into that next period.”> Similar to
run-in periods, measurements might be taken during
the washout period but would not be included in
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analyses; some measurements at the beginning of the
next period might also be excluded, depending on the
washout time length and the trial design. Chapter 4 of
the Agency for Healthcare Research and Quality’s guide
to n-of-1 trials provides more detail about the design
and analytical considerations of washout issues.®

Interventions—item 11b (modifications)

SPIRIT (no change): Criteria for discontinuing or
modifying allocated interventions for a given trial
participant (eg, drug dose change in response to
harms, participant request, or improving/worsening
disease).

Commentary: The SPIRIT 2013 E&E document
discusses the general importance of documenting
modification or discontinuation criteria.”?> Authors
should consider modifications specific to the n-of-1
trial design, such as period length or the potential
for early stopping. This item is specific to preplanned
stopping or modifying criteria for each individual
within an n-of-1 trial, a topic explained further by
CENT 2015 E&E item 14b.”' Item 21b addresses
stopping criteria for the entire trial, particularly
relevant for series trials.

Although n-of-1 trials can be tailored to the
participant, to maximise validity of the trial design,
whenever possible, any plans for individualisation
should be outlined a priori in the relevant protocol
sections (items 8, 11b, 18b, 20a, 20b, 21b).

Sample size—item 14

SPIRIT: Estimated number of participants needed to
achieve study objectives and how it was determined,
including clinical and statistical assumptions suppor-
ting any sample size calculations.

SPENT extension: Estimated number of intervention
periods and measurements or observations within
each period needed to achieve study objectives within
an individual n-of-1 trial. In addition for series:
Estimated number of participants needed to achieve
study objectives. For both individual and series
trials: Describe how these numbers were determined,
including the clinical and statistical assumptions.

Example

“The [Quantitative Myasthenia Gravis test (QMG)]
test results in a numerical score between 0 and 39,
with higher scores indicating more severe disease.
The estimated SD [standard deviation] of repeated
measures for a single person is 2.95 based on our
clinical observations and an earlier trial.>” An average
decrease in QMG score of 3.5 points is considered
clinically relevant.*®3? A linear model with fixed effects
for treatment and patient will be fitted to the repeated
QMG measurements. Our sample size computations
are based on the test of significance of the treatment
effect in this model (see ‘Analysis’ section). Monte
Carlo simulations were used to compute the power
with three cycles (i.e., 6 measurements) per patient
for 3, 4, and 5 patients, which was 0.648, 0.772
and 0.862, respectively. In light of the availability
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of eligible patients, time and resources, we chose a
sample size of 4 patients, achieving approximately
77% power.”"’

Explanation

SPIRIT 2013 E&E item 14 provides a general discussion
about sample size calculations and reporting.?? N-of-
1 trials are a specific form of crossover trial and have
additional sample size factors involved in increasing
power and accuracy:

e The number of observations per period

e The number of blocks (number of crossovers)—
generally three blocks are considered minimal,
and four or more blocks are preferred to increase
confidence in the results

e The number of participants.

Specificissues, including the modelling assumptions
(eg, random v common effects) must be clarified in
order to choose the most relevant calculations.*® The
SPENT extension also recommends reporting how the
number of intervention periods and measurements to
be made during each trial were established, providing
clarity and rigour for related items (items 12, 13, and
18a). This topic is explained further in CENT 2015 E&E
item 7a.*!

Recruitment—item 15
SPIRIT: Strategies for achieving adequate participant
enrolment to reach target sample size.

SPENT extension: For series: No change from SPIRIT
item 15.

Example

“Recruitment: Clinicians are recruited via flyers,
Emails, letters and presentations. Once clinicians
indicate interest, informed consent is obtained
detailing their responsibilities and soliciting their
consent to have their patients recruited into the study.

“Two methods are used for patient recruitment.
First, clinicians can ask patients directly if they are
interested in the study. Clinicians provide interested
patients with a study flyer that provides research staff
contact information. Second, patients of enrolled
clinicians who have been seen within the past 2 to 12
months for a chronic painful condition (as indicated by
appropriate International Statistical Classification of
Diseases and Related Health Problems (ICD-9) codes)
are sent an informational letter informing them about
the study and inviting them to contact research staff if
interested in learning more. Both patient recruitment
methods rely on patients initiating contact with
PREEMPT study research staff. (See Figure 1 for the
participant flow diagram and Additional file 1 for the
ICD-9 codes.)

“Screening: Patients are screened for eligibility over
the telephone. Research staff explain the study and
ask initial screening questions to assess pain levels
and determine that the patient has an eligible device.
At this time, permission is obtained from the patient to
contact his/her clinician for medical history screening.
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If permission is granted, the patient’s clinician is
contacted via secure email and/or telephone to verify
that the patient is an appropriate candidate for the
study. Eligible patients are then re-contacted by
telephone or email, notified of eligibility, and asked
the date and time of their next clinic appointment.
Once a patient is deemed eligible, a consent packet
is mailed or emailed with the study consent form and
Health Insurance Portability and Accountability Act
(HIPAA) authorization form. Informed consent will
be obtained from all participants included in this
study.”*?

Explanation

Enrolment issues are not relevant for single-participant
trials, and this item is only relevant for an n-of-1 trial
series. SPIRIT 2013 E&E item 15 and CENT 2015 E&E
item 14a provide information about recruitment for
series.”! 2

Section 3B: Methods (assignment of interventions for
controlled trials)

Allocation—item 16a (sequence generation)

SPIRIT: Method of generating the allocation sequence
(eg, computer-generated random numbers), and list of
any factors for stratification. To reduce predictability of
a random sequence, details of any planned restriction
(eg, blocking) should be provided in a separate
document that is unavailable to those who enrol
participants or assign interventions.

SPENT extension: Method of generating the
allocation sequence (eg, computer-generated random
numbers, counterbalancing). To reduce predictability
of a random sequence, details of any restrictions (eg,
pairs, blocking) should be provided in a separate
document that is unavailable to those who enrol
participants or assign interventions. In addition for
series: List of any factors for stratification.

Examples
“Randomisation will be carried out for each individual
n-of-1 trial by the dispensing hospital pharmacy
to ensure patient and physician blinding, and will
be performed in MS Excel. Ephedrine and placebo
treatments will be randomised in a 1:1 ratio per cycle
over the three cycles of the n-of-1 trial (e.g., AB-BA-
BA).”"7

“Patients are randomized to Trialist versus usual
care. Randomization is stratified by clinician; each
clinician’s patients are randomized in blocks of size
4 (90% of blocks) or 6 (10% of blocks) in order to
balance the numbers of participants per clinician
and to minimize selection bias. Patients assigned
to usual care will receive the usual course of care as
prescribed by their clinician. The allocation sequence
are generated by the study statisticians (CS and JS) and
provided to the study coordinator (MM) in a format
that allows for clinician block size to be masked until
the study is completed and for patient randomization
allocation to be masked until completion of the
enrollment procedures.”"?
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Explanation

For details regarding sequence generation in general,
see SPIRIT 2013 E&E item 16a.?” Details regarding
the importance and process of randomisation in n-of-
1 trials, including considerations regarding pair and
block randomisation and the need for alternatives such
as counterbalancing,” have been described in detail in
CENT 2015 E&E items 8a and 8b.*"

Regardless of the form of randomisation or sequence
allocation used to assign the intervention sequence, all
factors and the rationale (particularly for non-random
allocations) for setting the intervention sequence
should be described. Potential period effects (eg,
progressive deterioration or improvement) should be
accounted for.? 2!

Allocation—item 16b (concealment mechanism)
SPIRIT (no change): Mechanism of implementing
the allocation sequence (eg, central telephone;
sequentially numbered, opaque sealed envelopes),
describing any steps to conceal the sequence until
interventions are assigned.

Commentary: In n-of-1 trials, participants receive
all interventions, mitigating one important reason for
assignment concealment: preventing knowledge of
potential assignment. Thus, concerns about allocation
to only one intervention (usually the control arm)
affecting a participant’s decision to join or withdraw
from the trial, or a recruiter’s decision to try and enrol
a patient in a trial, are less relevant to n-of-1 trials.
However, because of the multiple crossover nature
of n-of-1 trials, allocation concealment is coupled
to blinding (masking; item 17) if it is being used;
allocation concealment usually applies to the entire
sequence of interventions set for each participant, and
applies even if blinding does not.

Section 3C: Methods—data collection, management,
and analysis

Statistical methods—item 20a1 (outcomes)

SPIRIT: Statistical methods for analysing primary and
secondary outcomes. Reference to where other details
of the statistical analysis plan can be found, if not in
the protocol.

SPENT extension: Statistical methods for analysing
primary and secondary outcomes for each individual.
Reference to where other details of the statistical
analysis plan can be found, if not in the protocol. In
addition for series: If planned, proposed methods of
quantitative synthesis of individual trial data, and how
heterogeneity between participants will be assessed.

Examples

“For each individual patient, QMG [quantitative
myasthenia gravis test] scores, scores for secondary
outcome measures, and adverse effects reported
during the ephedrine and placebo periods will be
described in an individual patient report. This report
will be discussed by the patient and their physician
during the evaluation phase of the n-of-1 trial and may
be used to guide individual therapeutic decisions.”*’
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“Data preparation and descriptive reporting will
follow that recommended by the CONSORT statement.
For each cycle, data from day 1 will be discarded
to allow for a wash-out period, and data from days
2 and 3 will be analysed. All patients with at least
one completed treatment cycle will be included in
analyses. An effect size will then be calculated between
active medication cycles and placebo, thus providing
a population measure of effect commensurate with an
RCT [randomised controlled trial].

“Both individual and population treatment
differences will be estimated using hierarchical
Bayesian methods and employing noninformative
priors using the methods described in Zucker et al.,*
and Schluter and Ware.>* The likelihood distributions
for each model will be assessed for violations and
data transformations undertaken, where necessary.
Conventional burn-in periods, model convergence
and stability diagnostics, and residual checks will be
employed.>* WinBUGS?® will be used for the Bayesian
analysis.

“To describe participants’ overall response, three
types of Bayesian results will be presented: (i) the
mean of the posterior distribution of the mean
difference between placebo and stimulant scores,
which gives the best estimate of the overall effect size
difference between treatments; (ii) the associated 95%
credible region, which give intervals of uncertainty (in
this case the 2.5 and 97.5 percentile) of the posterior
distributions used in (i); and (iii) the posterior
probability of the mean difference that stimulant scores
were better than placebo scores, which describes
the likelihood that the patients will favour the active
treatment in future cycles®. A patient will be defined
to be a ‘responder’ when these estimated values exceed
predefined threshold values.”?* 33

Explanation

SPIRIT 2013 E&E statistical methods and item 20a
(outcomes) provide a summary regarding the need for
preplanning and specifying all planned evaluation
methods in a protocol.?> However, n-of-1 trials require
more specificity, and CENT items 12a, 12b, and 12c
describe the reporting n-of-1 analyses in detail. One
key difference for n-of-1 trials is that each participant’s
personal trial results are usually shared with that
participant (always when it is a single- participant
trial; see also item 31a (dissemination policy)), and
are also aggregated for a series of trials. Furthermore,
similar to standard crossover trials, issues concerning
crossover analysis are particularly relevant (see also
SPENT item 20a2).

All statistical methods planned—from visual
representation to meta-analysis—should be described
in the protocol.® Visual representation of the data
can be used to provide an overview of data to readers
(see CENT E&E items 12a and 17al for context
and issues).?’ Frequentist and Bayesian statistical
analyses on an individual’s data can be planned,
particularly if the data might be used for future
clinical decision making or published and used by

future researchers (eg, for meta-analysis).*’ These
analyses could include, for example, estimating the
size of effects (magnitude and direction), the means
for an outcome (per period, or per intervention for the
entire trial), or the variance.

For both single trials and series, planned appro-
aches for determining estimates of the size of effects
are important. Related items such as statistical
significance, clinical significance values, and measures
of variability or uncertainty (eg, confidence intervals)
should be described. This applies to both continuous
and discrete data. Similarly, if sensitivity analyses are
planned, the relevant parameters should be described
in the protocol.

The crossover nature of n-of-1 trials requires methods
for synthesising or aggregating a series of n-of-1 trial
data that are distinct from standard randomised
clinical trials (see also item 20a2 (crossover specific
considerations)).’®>* Both Bayesian and frequentist
approaches are used. Generally, models are multilevel
mixed models with participants as the grouping
variable and predefined model parameters (eg,
significance, confidence levels, time trends, carry-
over, correlation, and prior distributions for Bayesian
models; see also item 20a2). When an n-of-1 trial
includes a more heterogeneous range of individuals
than might be recruited in a standard randomised
clinical trial, results could vary substantially between,
and possibly within, individuals, particularly if the
number of observations is small. Therefore, statistical
methods to explore the relative heterogeneity, both
within and between individuals, should be planned.®
SPENT item 20b addresses planning for the assessment
of possible differences between participants in
subgroup or sensitivity analyses.

Statistical methods—item 20a2 (correlation)
SPIRIT: None (new for SPENT).

SPENT extension: Statistical methods to account for
correlation, and carryover, period, or sequence effects
introduced by the repeated measures and crossover
design of n-of-1 studies.

Examples

“For each cycle, data from day 1 will be discarded to
allow for a wash-out period, and data from days 2 and
3 will be analysed.”>*

“N-of-1 trials will be combined using a Bayesian
multilevel random effects model. This model will return
posterior estimates of overall treatment effect as well as
the effect in each individual participant, informed by
the results on other participants. The Bayesian model
constructs a separate regression model incorporating
serial correlation that relates longitudinal outcomes
to treatment and other covariates for each participant.
These regression models are then connected through
a second-level random effects model which postulates
that the subject-specific regression coefficients are
related through a probability distribution centered
about the average coefficients. The variability of
these random effects represents the variability in the
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individual treatment effects. The posterior estimates
of the individual treatment effects represent weighted
averages of the individual’s measurements and the
average effect. Ultimately, these individual posterior
estimates may be used to inform individuals of their
response to treatment in light of how others have
responded.”®’

Explanation

Many statistical models assume independence of
samples and measurements. However, as a multiple
crossover study design, n-of-1 trials use multiple
measurements over time on the same individual and
so usually will induce autocorrelation.® Assuming the
independence of data points will misestimate standard
errors and result in incorrect confidence intervals
leading to inaccurate statistical inferences.>® Similar to
correlation, washout (as described initems 11aand 13)
and time trends (the change that would have occurred
over time regardless of intervention **), can also
bias estimates of intervention effects. Therefore, the
relevance of correlation or washout/period effects in
the planned analysis must be considered, particularly
for aggregation or meta-analysis, and described in the
protocol. Depending on the choice of intervention and
outcome measures, correlation, washout, and period
effects might not be an issue.® Chapter 4 of the Agency
for Healthcare Research and Quality’s guide to n-of-1
trials provides more detail about design and analytical
considerations of washout issues.?

Statistical methods—item 20b (additional analyses)
SPIRIT: Methods for any additional analyses (eg,
subgroup and adjusted analyses).

SPENT extension: For series: No change from SPIRT
Item 20b.

Example

“Important confounding variables, such as anti-
cholinergic load and cause of xerostomia (e.g.
prior radiotherapy), will [be] included in adjusted
analyses and report treatment effects (or success
differences) over the various variable stratifications
and combinations, following the method advocated by

Zucker and colleagues®>.”*>

Explanation

SPENT item 20b is about subgroup and adjusted
analyses that are specific to n-of-1 trial series, and
not to single-participant trials. Many trials examine
whether intervention effects vary between subgroups
of the trial populations, which can help determine
if any heterogeneity in the results (higher or lower
response to intervention effect) can be attributed to
specific population features (eg, sex, genetic marker,
medical history).?? Because of the potential to increase
knowledge about the intervention effects, inclusion
of a few subgroup analyses can be useful. Due to the
small size of n-of-1 trials, and the limited number
of data points, only a limited number of subgroup
analyses might be possible, especially those of within-
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participant factors. If they are being considered, the
SPIRIT guideline provides subgroup recommendations
and describes potential problems with subgroup
analyses. Similar to standard trials, post-hoc analyses
should be explicitly labelled as exploratory owing to
their high degree of spurious findings.”” No specific
n-of-1 trial recommendations currently exist for
adjusted analyses; the SPIRIT E&E document can
provide some guidance.*?

Statistical methods—item 20c (additional analyses)
SPIRIT: Definition of analysis population relating to
protocol non-adherence (eg, as-randomised analysis),
and any statistical methods to handle missing data (eg,
multiple imputation).

SPENT extension: Statistical methods to handle
missing data (eg, imputation). In addition for series:
Definition of analysis population relating to protocol
non-adherence (eg, as-randomised analysis).

Example

“When no endpoint is available (for example, no pain
measurements available at the 6-month time interval
to calculate the outcome of change from baseline), we
will use different approaches. In one, we will assume
that no change has occurred and impute a change of
zero. This will permit simple conservative assessments
of single time point analyses. Longitudinal models
can accommodate missing outcomes by ignoring them
under the assumption that data are missing at random.
We will also use multiple imputation to permit com-
prehensive analyses with missing covariates and
interactions.”*?

Explanation
See SPIRIT 2013 E&E item 20c.?>

Section 3D: Methods (monitoring)

Data monitoring—item 21a (formal committee)
SPIRIT (no change): Composition of data monitoring
committee; summary of its role and reporting struc-
ture; statement of whether it is independent from the
sponsor and competing interests; and reference to
where further details about its charter can be found,
if not in the protocol. Alternatively, an explanation of
why a data monitoring committee is not needed.

Example

“The study will be overseen by the Trial steering
committee (TSM), which is comprised of the Principal
Investigator, co-investigators, research coordinator,
and study statistician. The TSM will be responsible for
ensuring that the study is conducted within appropriate
and professional ethical guidelines, ensuring the
good clinical practice guidelines are observed at all
times. Furthermore, the DSMB [data safety monitoring
board], which consists of three members with clinical,
methodological, and NHP [natural health product]
expertise who are independent of the trial will review
all documented harms during the study and adjudicate
them with regard to causality.

1
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“Any significant amendments to the protocol will
be submitted to Health Canada, Therapeutic Goods
Australia, and to the University of Alberta and
University of Queensland ethics committees for
approval. Trial registries will also be notified of any
major amendments.”>’

Explanation

SPIRIT 2013 E&E item 21a provides an excellent
overview of data and safety monitoring, and the value
of data monitoring committees (exact name might vary
by region) in research.”? The SPIRIT E&E document
notes that not all studies have or need data monitoring
committees. Single n-of-1 trials, small series of n-of-
1 trials, and n-of-1 trials of short duration might also
not need data monitoring committees. However, plans
for data and safety monitoring (item 22) should be
described in all protocols.

Data monitoring—item 21b (interim analysis)
SPIRIT (no change): Description of any interim
analyses and stopping guidelines, including who will
have access to these interim results and make the final
decision to terminate the trial.

Commentary: For a single participant n-of-1 trial,
interim analyses are not typical, but could occur. Item
21b is particularly relevant for delineating planned
interim analyses and the related conditions under
which a series of n-of-1 trials—the study as a whole—
would be terminated. Item 11b addresses stopping or
modification criteria for single participants in a trial.

Harms—item 22

SPIRIT (no change): Plans for collecting, assessing,
reporting, and managing solicited and spontaneously
reported adverse events and other unintended effects
of trial interventions or trial conduct.

Commentary: SPIRIT 2013 E&E item 22 describes the
importance of harms monitoring and recommendations
on when or how it can be incorporated into a protocol
(eg, monitoring protocols, as a secondary outcome).?
CENT 2015 E&E item 19 also describes how n-of-
1 trials might be undertaken specifically to assess
harms, assess potential harms, and assist in reduction
of polypharmacy in individual patients.**

Section 4: Ethics and dissemination

Research ethics approval—item 24

SPIRIT (no change): Plans for seeking research ethics
council or institutional review board approval.

Example

“Written approvals have been obtained from relevant
Hospital Research Ethics Committees (Royal Children’s
Hospital and Health Service District Ethics Committee,
Queensland Health; The Children’s Hospital at
Westmead HREC, Sydney) and The University of
Queensland Medical Research Ethics Committee prior
to study commencement. Approval was obtained from
Education Regulatory Authorities in Queensland and
NSW (Queensland Government Dept. of Education and

Training, Catholic Education Archdiocese of Brisbane,
New South Wales Government of Education and
Communities, Catholic Education Office Sydney).”>*

Commentary

SPIRIT 2013 E&E item 24 provides detail on the
importance of ethical oversight.”? For any research
project involving humans, ethical review and oversight
is mandatory, and n-of-1 research trials for individuals
or series are no exception. Chapter 2 of the Agency
for Healthcare Research and Quality’s guide to n-of-1
trials includes a detailed discussion of issues about
clinical care versus research when using n-of-1 trials.>?

Confidentiality—item 27

SPIRIT (no change): How personal information
about potential and enrolled participants will be
collected, shared, and maintained in order to protect
confidentiality before, during, and after the trial.

Example

“All study data will only be identified by a unique
identification number and participant initials. Identi-
fiable data (e.g., contact details) will be stored in the
research assistant’s office onsite in a locked cabinet.
De-identified data will be securely stored online on
the WCHRI [Women’s and Children’s Health Research
Institute] servers. The master list linking identifying
participant information and ID numbers will be
maintained in a locked cabinet, separate from the
participant database. Master lists will be held at each
participating site. Data will be analyzed according to
ID number only.”**

Commentary

SPIRIT 2013 E&E item 27 addresses general con-
fidentiality issues.”’ Planning for confidentiality
management during an n-of-1 trial will usually be the
same as for any research trial. However, for some n-of-
1 trials, maintaining confidentiality during the trial
or in reporting might be difficult because of the small
number of people participating in a trial combined
with potentially revealing information (demographic
information, study setting, comorbidities, rare
diseases). Study setting (item 9), eligibility criteria and
participant descriptors (item 10), data management
(item 19), access to data (item 29), and dissemination
plans (items 31a and 31c), could all include
confidentiality issues. Item 27 is—at a minimum—a
reminder that these aspects (items) must be
reviewed together from a confidentiality perspective,
necessitating a careful balancing of reporting and
confidentiality. Under some circumstances, it might
be difficult to fully protect participant confidentiality
owing to particular participant or setting characteri-
stics; in some situations, participants might choose
to and consent to participate or disseminate their
results non-anonymously. These situations must be
discussed with the participant, who should not be
forced to choose between confidentiality and access to
a trial; privacy must be maintained in accordance with

doi: 10.1136/bmj.m122 | BMJ 2020;368:m122 | thebmyj
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participant consent. For such situations, consultation
with the local research ethics council or institutional
review board is recommended.

Dissemination policy—item 31a

SPIRIT: Plans for investigators and sponsor to
communicate trial results to participants, healthcare
professionals, the public, and other relevant groups
(eg, via publication, reporting in results databases,
or other data sharing arrangements), including any
publication restrictions.

SPENT extension: Plans for investigators to
communicate each individual’s results to the
participant. Plans for investigators and sponsor to
communicate trial results to participants, healthcare
professionals, the public, and other relevant groups
(eg, via publication, reporting in results databases,
or other data sharing arrangements), including any
publication restrictions.

Examples
“Each participant’s N-of-1 data will be communicated
back to each participant’s physician by fax directly,
thereby fulfilling our obligation to all participants
without biasing staff (i.e., project manager, research
assistants, and study statistician will not be informed
of the trial results as they accrue).””’

“At the end of the study, the study team will finalise
a report on the study. This report will be discussed
with members of regulatory organisations involved in
market approval and reimbursement of treatment. In
addition, a lay summary of the overall findings of the
study will be made available to the study participants.
Anonymised results of the study will be published
in a peer-reviewed journal, and will be presented at
academic meetings and scientific conferences.”*’

Explanation

N-of-1 trials are focused on the individual, and
healthcare providers should review individual
results with each participant.? Methods to enhance
participant understanding of their trial results are
actively underway. Trial results might also become part
of the participant’s record, and participants should be
aware that other healthcare providers might see their
results when reviewing their file; these issues should
be included in the confidentiality considerations (item
27). SPIRIT 2013 E&E item 31a on dissemination
addresses the sharing of trial results with any other
party.?

Discussion

SPENT aims to improve the quality of protocol content
by detailing the items needed for completeness and
transparency of n-of-1 trial protocol reporting. The
writing and publication of high quality n-of-1 protocols
affects protocol review, trial conduct and appraisal, and
the final reporting of n-of-1 trials. In conjunction with
SPIRIT, the SPENT statement will also be a practical
resource for clinicians, investigators, and trial staff,
describing key elements needed to design and run an
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n-of-1 trial. We strongly recommend that stakeholders
and reviewers adopt the use of the SPENT checklist to
increase the standardisation of format, completeness
of content, and comparability between n-of-1 trial
protocols, thus improving the assessment and review
of protocols, as well as alignment between the original
protocol and the final trial report. Clinicians using n-of-
1 trials for clinical and healthcare decisions should
also review SPENT to ensure that relevant trial details
have been considered.

SPIRIT was developed using a thorough, inter-
nationally recognised process for reporting guideline
development, and the recommendations and explana-
tions are, when possible, evidence based from the
published literature. Many aspects of n-of-1 trials are
no different from those of randomised clinical trials
with a parallel group design, and the evidence based
information informing SPIRIT applies equally to
SPENT. Like SPIRIT, SPENT is not meant to prescribe
how a trial should be designed or conducted, and is
not a validated tool for appraising reporting quality.
Nor does it cover all facets of what can and cannot
be included; instead, the SPENT guideline represents
the minimum content for reporting the needed
components of an n-of-1 protocol. The primary
limitation to the development of SPENT is the limited
n-of-1 literature as a whole: no previous publication
guidelines (only clinical recommendations) other than
CENT for reporting trial results and only a few reviews
of studies are available. The literature base of n-of-
1 trials for research is growing, and methodological
evaluations will become feasible, providing further
support for, and possible revision of, future versions of
this guideline. Feedback and recommendations from
users of the guideline will also ensure the continued
strength and applicability of SPENT.

Most journals now require trial registration;
standardised n-of-1 protocol reporting should increase
transparency and consistency of n-of-1 trial registration
data. Several trial registries accept n-of-1 trial protocols.
We will collaborate with the CENT team to continue
to facilitate the increased registration of n-of-1 trials
with the primary registries within the World Health
Organization’s International Trials Registry Network
(www.who.int/ictrp/network/primary/en/index.
html), and clinicaltrials.gov. Registration increases
the transparency of trial reporting and facilitates
comparison of what was planned for a trial to what
was eventually done and found. This can help to detect
potential reporting biases (eg, outcome reporting bias)
in trial reports and facilitate detection of publication
bias of trials that were done and never published.

With the publication of the SPENT statement and
checklist, we will begin next steps of making SPENT
available through reporting guideline resources,
particularly the SPIRIT (www.spirit-statement.org) and
EQUATOR (www.equator-network.org) websites. We
will inform stakeholders of the establishment of SPENT.
Through widespread knowledge and accessibility of
this reporting guideline, we hope to increase its uptake
and use for the purpose of improving the completeness
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and quality of n-of-1 trial protocols, thus improving
the subsequent review and use of the protocols—and
the resulting trials—by all stakeholders.

AUTHOR AFFILIATIONS

'BC Cancer, Supportive Cancer Care, Vancouver, BC, Canada

2Centre for Journalology, Ottawa Hospital Research Institute,
Ottawa, ON, Canada

*Department of Medicine, University of Toronto, Toronto, ON,
Canada

“Women’s College Research Institute, Women’s College Hospital,
Toronto, ON, Canada

*Department of Internal Medicine, University of California Davis
School of Medicine, Sacramento, CA, USA

®Department of Family and Community Medicine, University of
Toronto, Toronto, ON, Canada

"Department of Emergency Medicine (St Joseph’s Health Centre)
and Inner City Health Associates, Unity Health, Toronto, ON, Canada

8Integrative Health Institute, University of Alberta, 1702 College
Plaza, 8215-112 Street NW, Edmonton, AB T6G 2C8, Canada

Hopital Hotel-Dieu, Center for Clinical Epidemiology, Paris, France
9EQUATOR France and Cochrane France, Paris, France

Centre of Research in Epidemiology and Statistics Sorbonne Paris
Cité, Paris, France

?Department of Biostatistics and Center for Evidence Synthesis in
Health, Brown University, Providence, RI, USA

Department of Pediatrics, Faculty of Medicine & Dentistry,
University of Alberta, Edmonton, AB, Canada

We thank the many participants in the Delphi process who helped
us focus and refine the initial list of SPENT items and issues to

be addressed in the explanations; and Robin Fried, the patient
representative who provided input on the final draft.

All members of the SPENT Group participated in the Delphi process,
reviewed and edited the manuscript, and approved the final SPENT
statement. Additionally: AJP was responsible for and participated

in the systematic review, Delphi, and statement development and
review processes, as well as writing the manuscript original drafts.
A-WC, RK, and CS were responsible for the project conceptualisation,
methodology, and review of the systematic review. AO, PR, SP, and
LS were responsible for the project methodology and review of the
systematic review; SP also participated in the systematic review and
LS cowrote the manuscript original draft. SV was responsible for the
conceptualisation, supervision, and methodology of the project. SV
was also the guarantor. The corresponding author attests that all
listed authors meet authorship criteria and that no others meeting the
criteria have been omitted.

Members of the SPENT group (listed alphabetically): An-Wen Chan
(http://orcid.org/0000-0002-4498-3382), Janine Janosky (http://
orcid.org/0000-0002-3852-7743), Eric Larson (http://orcid.
0rg/0000-0003-1108-6164), Jose Merino (http://orcid.org/0000-
0002-6676-0008), Richard Kravitz (http://orcid.org/0000-0001-
5575-529X), Geoffrey Mitchell (http://orcid.org/0000-0001-7817-
6821), Jane Nikles (http://orcid.org/0000-0001-5356-2291),
Aaron Orkin (http://orcid.org/0000-0002-1111-8720), Antony
Porcino (http://orcid.org/0000-0002-4053-5654), Salima Punja
(http://orcid.org/0000-0003-3342-7839), Philippe Ravaud (http://
orcid.org/0000-0001-8264-9206), Christopher H Schmid (http://
orcid.org/0000-0002-0855-5313), Larissa Shamseer (http://orcid.
0rg/0000-0003-3690-3378), Roger O Smith (http://orcid.org/0000-
0002-1537-7439), Robyn Tate (http://orcid.org/0000-0003-4598-
5408), Sunita Vohra (http://orcid.org/0000-0002-6210-7933).

Competing interests: All authors have completed the ICMJE uniform
disclosure form at www.icmje.org/coi_disclosure.pdf and declare:

the development of SPENT was funded from SV’s general operating
funds; during the time of this work, SV received salary support from
Alberta Innovates (Health Solutions) as a health scholar; no financial
relationships with any organisations that might have an interest in the
submitted work; no other relationships or activities that could appear
to have influenced the submitted work.

Ethical approval: The guideline development process received
approval from the University of Alberta’s research ethics board,
Pro00060201. Participation information and request for consent was
provided to all Delphi and consensus group participants. Participation
in the Delphi surveys required electronic consent confirmation

to access the surveys, and consent was confirmed verbally at the
beginning of the consensus meetings.

1 Mehran R, Baber U, Dangas G. Guidelines for patient-reported
outcomes in clinical trial protocols. JAMA 2018;319:450-1.
doi:10.1001/jama.2017.21541

2 Kravitz RL, Duan MSPHN. DEcIDE Methods Centre N-of-1 Guidance
Panel. Design and implementation of N-of-1 trials: a user’s guide.
Agency for Healthcare Research and Quality, 2014. https://
effectivehealthcare.ahrg.gov/products/n-1-trials/research-2014-5/.

3 Rothwell PM. External validity of randomised controlled trials: “to
whom do the results of this trial apply?”. Lancet 2005;365:82-93.
doi:10.1016/S0140-6736(04)17670-8

4 Julian DG. What is right and what is wrong about evidence-based
medicine?/ Cardiovasc Electrophysiol 2003;14(Suppl):52-5.
doi:10.1046/j.1540-8167.14.59.18.x

5  Guyatt GH, Jaeschke R, McGinn T. Part 2B1: Therapy and validity: n-of-
1 randomized controlled trials. In: Guyatt GH, Rennie D, Meade MO,
Cook DJ, eds. Users’ guides to the medical literature . JAMA Evidence,
2002;275-90.

6 Schork NJ. Personalized medicine: time for one-person trials.

Nature 2015;520:609-11. d0i:10.1038/520609a

7 Guyatt G, Sackett D, Adachi J, et al. A clinician’s guide for conducting
randomized trials in individual patients. CMAJ/ 1988;139:497-503.

8  Schmid CH, Duan MSPHN. DEcIDE Methods Centre N-of-1 Guidance
Panel. Chapter 4: Statistical design and analytic considerations
for n-of-1 trials. In: Kravitz RL, Duan MSPHN, eds. Design and
implementation of N-of-1 trials: a user’s guide. Agency for Healthcare
Research and Quality, 2014:33-53.

9  Punja S, Bukutu C, Shamseer L, et al. N-of-1 trials are a tapestry of
heterogeneity. / Clin Epidemiol 2016;76:47-56. doi:10.1016/].
jclinepi.2016.03.023

10 Goetz LH, Schork NJ. Personalized medicine: motivation, challenges,
and progress. Fertil Steril 2018;109:952-63. doi:10.1016/].
fertnstert.2018.05.006

11 Paterson C. Measuring outcomes in primary care: a patient
generated measure, MYMOP, compared with the SF-36 health survey.
BMJ 1996;312:1016-20. doi:10.1136/bmj.312.7037.1016

12 Barr C, Marois M, Sim |, et al. The PREEMPT study - evaluating
smartphone-assisted n-of-1 trials in patients with chronic pain:
study protocol for a randomized controlled trial. Trials 2015;16:67.
doi:10.1186/513063-015-0590-8

13 Tsapas A, Matthews DR. N of 1 trials in diabetes: making individual
therapeutic decisions. Diabetologia 2008;51:921-5. d0i:10.1007/
500125-008-0983-2

14 Nikles CJ, Clavarino AM, Del Mar CB. Using n-of-1 trials as a clinical
tool to improve prescribing. Br/ Gen Pract 2005;55:175-80.

15 Brookes ST, Biddle L, Paterson C, Woolhead G, Dieppe P. “Me’s me
and you’s you”: Exploring patients’ perspectives of single patient
(n-of-1) trials in the UK. Trials 2007;8:10. d0i:10.1186/1745-6215-
8-10

16 Mirza RD, Punja S, Vohra S, Guyatt G. The history and
development of n-of-1 trials. / R Soc Med 2017;110:330-40.
doi:10.1177/0141076817721131

17 Tate RL, Perdices M, McDonald S, Togher L, Rosenkoetter U. The
design, conduct and report of single-case research: resources
to improve the quality of the neurorehabilitation literature.
Neuropsychol Rehabil 2014;24:315-31. doi:10.1080/09602011.2
013.875043

18 VohraS, Shamseer L, Sampson M, et al, CENT Group. CONSORT
extension for reporting n-of-1 trials (CENT) 2015 statement.

BMJ 2015;350:h1738. doi:10.1136/bmj.h1738

19 Chan A-W, Tetzlaff JM, Altman DG, et al. SPIRIT 2013 statement:
defining standard protocol items for clinical trials. Ann Intern
Med 2013;158:200-7. doi:10.7326/0003-4819-158-3-
201302050-00583

20 Moher D, Schulz KF, Simera I, Altman DG. Guidance for developers of
health research reporting guidelines. PLoS Med 2010;7:e1000217.
doi:10.1371/journal.pmed.1000217

21 Shamseer L, Sampson M, Bukutu C, et al, CENT Group. CONSORT
extension for reporting n-of-1 trials (CENT) 2015: explanation and
elaboration. BMJ 2015;350:h1793. d0i:10.1136/bmj.h1793

22 Chan A-W, Tetzlaff JM, Ggtzsche PC, et al. SPIRIT 2013 explanation
and elaboration: guidance for protocols of clinical trials.

BMJ 2013;346:7586. doi:10.1136/bmj.e7586

23 Tetzlaff JM, Chan A-W, Kitchen J, Sampson M, Tricco AC, Moher D.
Guidelines for randomized clinical trial protocol content: a systematic
review. Syst Rev 2012;1:43. doi:10.1186/2046-4053-1-43

24 Schulz KF, Altman DG, Moher D, CONSORT Group. CONSORT 2010
Statement: updated guidelines for reporting parallel group randomised
trials. BMC Med 2010;8:18. doi:10.1186/1741-7015-8-18

25 Porcino AJ, Punja S, Chan A-W, et al. Protocol for a systematic review
of n-of-1 trial protocol guidelines and protocol reporting guidelines.
SystRev 2017;6:132.d0i:10.1186/s13643-017-0525-4

doi: 10.1136/bmj.m122 | BMJ 2020;368:m122 | thebmyj

y61Adod Ag pajoalold 1senb Ag 7202 YoIeN 02 UO /wod"[wig mmm)/:dny woly papeojumod ‘020z Arenigad £z uo gzTw lwa/oeTT 0T Se paysiignd sl :CING


http://orcid.org/0000-0002-4498-3382
http://orcid.org/0000-0002-3852-7743
http://orcid.org/0000-0002-3852-7743
http://orcid.org/0000-0003-1108-6164
http://orcid.org/0000-0003-1108-6164
http://orcid.org/0000-0002-6676-0008
http://orcid.org/0000-0002-6676-0008
http://orcid.org/0000-0001-5575-529X
http://orcid.org/0000-0001-5575-529X
http://orcid.org/0000-0001-7817-6821
http://orcid.org/0000-0001-7817-6821
http://orcid.org/0000-0001-5356-2291
http://orcid.org/0000-0002-1111-8720
http://orcid.org/0000-0002-4053-5654
http://orcid.org/0000-0003-3342-7839
http://orcid.org/0000-0001-8264-9206
http://orcid.org/0000-0001-8264-9206
http://orcid.org/0000-0002-0855-5313
http://orcid.org/0000-0002-0855-5313
http://orcid.org/0000-0003-3690-3378
http://orcid.org/0000-0003-3690-3378
http://orcid.org/0000-0002-1537-7439
http://orcid.org/0000-0002-1537-7439
http://orcid.org/0000-0003-4598-5408
http://orcid.org/0000-0003-4598-5408
http://orcid.org/0000-0002-6210-7933
http://www.icmje.org/coi_disclosure.pdf
https://effectivehealthcare.ahrq.gov/products/n-1-trials/research-2014-5/
https://effectivehealthcare.ahrq.gov/products/n-1-trials/research-2014-5/
http://www.bmj.com/

RESEARCH METHODS AND REPORTING

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

Trevelyan EG, Robinson PN. Delphi methodology in health research:
how to do it?Eur J Integr Med 2015;7:423-8. doi:10.1016/j.
eujim.2015.07.002

Sacristan JA, Aguarén A, Avendano-Sola C, et al. Patient

involvement in clinical research: why, when, and how. Patient Prefer
Adherence 2016;10:631-40. doi:10.2147/PPA.S104259

Mullins CD, Vandigo J, Zheng Z, Wicks P. Patient-centeredness in the
design of clinical trials. Value Health 2014;17:471-5. d0i:10.1016/j.
jval.2014.02.012

Price A, Schroter S, Snow R, et al. Frequency of reporting

on patient and public involvement (PPI) in research studies
published in a general medical journal: a descriptive study. BM/
Open 2018;8:020452. doi:10.1136/bmjopen-2017-020452
Kravitz RL, Kim K, Sarkar S, et al. Study of me. 2018. https://www.
studyofme.org/.

Tsapas A, Matthews DR. Using N-of-1 trials in evidence-based clinical
practice. JAMA 2009;301:1022-3, author reply 1023. doi:10.1001/
jama.2009.276

Punja S, Eslick I, Duan MSPHN, Vohra S. DEcIDE Methods Centre N-of-
1 Guidance Panel. Chapter 2: An ethical framework for n-of-1 trials:
clinical care, quality improvement, or human subjects research? In:
Kravitz RL, Duan MSPHN, eds. Design and implementation of n-of-1
trials: a user’s guide. Agency for Healthcare Research and Quality,
2014:13-22.

Nikles J, Mitchell GK, Hardy J, et al. Do pilocarpine drops help dry
mouth in palliative care patients: a protocol for an aggregated series
of n-of-1 trials. BMC Palliat Care 2013;12:39. doi:10.1186/1472-
684X-12-39

Senior HEJ, McKinlay L, Nikles J, et al. Central nervous system
stimulants for secondary attention deficit-hyperactivity disorder after
paediatric traumatic brain injury: a rationale and protocol for single
patient (n-of-1) multiple cross-over trials. BMC Pediatr 2013;13:89.
doi:10.1186/1471-2431-13-89

Clarke M, Hopewell S, Chalmers I. Clinical trials should begin and end
with systematic reviews of relevant evidence: 12 years and waiting.
Lancet 2010;376:20-1. doi:10.1016/S0140-6736(10)61045-8
Stang A, Hense H-W, Jockel K-H, Turner EH, Tramér MR. Is it always
unethical to use a placebo in a clinical trial?PLoS Med 2005;2:e7 2.
doi:10.1371/journal.pmed.002007 2

Emanuel EJ, Miller FG. The ethics of placebo-controlled trials--a
middle ground. N EnglJ Med 2001;345:915-9. doi:10.1056/
NE/M200109203451211

Alemayehu C, Mitchell G, Aseffa A, Clavarino A, McGree J, Nikles J. A
series of N-of-1 trials to assess the therapeutic interchangeability of
two enalapril formulations in the treatment of hypertension in Addis
Ababa, Ethiopia: study protocol for a randomized controlled trial.
Trials 2017;18:470. d0i:10.1186/s13063-017-2212-0

Duan N, Kravitz RL, Schmid CH. Single-patient (n-of-

1) trials: a pragmatic clinical decision methodology for
patient-centered comparative effectiveness research. /

Clin Epidemiol 2013;66(Suppl):521-8. doi:10.1016/j.
jclinepi.2013.04.006

Boutron I, Altman DG, Moher D, Schulz KF, Ravaud P, CONSORT

NPT Group. CONSORT statement for randomized trials of
nonpharmacologic treatments: a 2017 update and a CONSORT
extension for nonpharmacologic trial abstracts. Ann Intern

Med 2017;167:40-7. d0i:10.7326/M17-0046

Senior HEJ, Mitchell GK, Nikles J, et al. Using aggregated single patient
(N-of-1) trials to determine the effectiveness of psychostimulants to

thebmj | BMJ2020;368:m122 | doi: 10.1136/bmj.m122

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

reduce fatigue in advanced cancer patients: a rationale and protocol.
BMC Palliat Care 2013;12:17. d0i:10.1186/1472-684X-12-17
Hoffmann TC, Glasziou PP, Boutron |, et al. Better reporting of
interventions: template for intervention description and replication
(TIDieR) checklist and guide. BM/ 2014;348:g1687. doi:10.1136/
bmj.g1687

Senn SS. Cross-over trials in clinical research. 2nd ed. John Wiley &
Sons, 2002. doi:10.1002/0470854596

Pablos-Méndez A, Barr RG, Shea S. Run-in periods in randomized
trials: implications for the application of results in clinical practice.
JAMA 1998;279:222-5. d0i:10.1001/jama.279.3.222

Wang T, Malone J, Fu H, Heilmann C, Qu Y, Huster WJ. Crossover
design and its application in late-phase diabetes studies. /

Diabetes 2016;8:610-8. doi:10.1111/1753-0407.12412

Berger VW, Vali B. Intent-to-randomize corrections for missing data
resulting from run-in selection bias in clinical trials for chronic
conditions. / Biopharm Stat 2011;21:263-70. doi:10.1080/105434
06.2011.550107

Vrinten C, Lipka AF, van Zwet EW, et al. Ephedrine as add-on

therapy for patients with myasthenia gravis: protocol for a

series of randomised, placebo-controlled n-of-1 trials. BM/

Open 2015;5:¢007863. doi:10.1136/bmjopen-2015-007863
Senn S. Sample size considerations for n-of-1 trials. Stat Methods
Med Res 2019;28:372-83. d0i:10.1177/0962280217726801
Horner RH, Swaminathan H, Sugai G. considerations for the
systematic analysis and use of single-case research. Educ Treat
Child 2012;35:269-90. d0i:10.1353/etc.2012.0011

Baek EK, Moeyaert M, Petit-Bois M, Beretvas SN, Van den Noortgate
W, Ferron JM. The use of multilevel analysis for integrating single-
case experimental design results within a study and across studies.
Neuropsychol Rehabil 2014;24:590-606. doi:10.1080/09602011.
2013.835740

Zucker DR, Ruthazer R, Schmid CH. Individual (n-of-1) trials can be
combined to give population comparative treatment effect estimates:
methodologic considerations. / Clin Epidemiol 2010;63:1312-23.
d0i:10.1016/j.jclinepi.2010.04.020

Maggin DM, O’Keeffe BY, Johnson AH. A quantitative synthesis of
methodology in the meta-analysis of single-subject research for
students with disabilities: 1985-2009. Exceptionality 2011;19:109-
35.doi:10.1080/09362835.2011.565725

Gage NA, Lewis T). Hierarchical linear modeling meta-analysis

of single-subject design research. / Spec Educ 2014;48:3-16.
doi:10.1177/0022466912443894

Riley RD, Lambert PC, Abo-Zaid G. Meta-analysis of individual
participant data: rationale, conduct, and reporting.

BMJ 2010;340:c221. doi:10.1136/bmj.c221

Punja S, Nikles CJ, Senior H, et al. Melatonin in youth: n-of-1 trials in
a stimulant-treated ADHD population (MYNAP): study protocol for

a randomized controlled trial. Trials 2016;17:375. d0i:10.1186/
513063-016-1499-6

Maggin DM, Swaminathan H, Rogers H), O’Keeffe BV, Sugai G, Horner
RH. A generalized least squares regression approach for computing
effect sizes in single-case research: application examples. / Sch
Psychol 2011;49:301-21. doi:10.1016/}.jsp.2011.03.004

Schulz KF, Grimes DA. Multiplicity in randomised trials Il: subgroup
and interim analyses. Lancet 2005;365:1657-61. d0i:10.1016/
S0140-6736(05)66516-6

Appendix: Supplementary tables

15

y61Adod Ag pajoalold 1senb Ag 7202 YoIeN 02 UO /wod"[wig mmm)/:dny woly papeojumod ‘020z Arenigad £z uo gzTw lwa/oeTT 0T Se paysiignd sl :CING


https://www.studyofme.org/
https://www.studyofme.org/
http://www.bmj.com/

