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Background

N-of-one trials have often been proposed as a research design to investigate the effectiveness 
of treatment for rare diseases. However, it is unknown whether combined results from series of 
n-of-one trials (i.e., series of multiple crossover, randomised controlled trials done in individual 
patients) in patients with rare diseases could be used for regulatory decisions. In this study, we 
explored stakeholders’ views on using n-of-one trials for decisions about market approval and 
reimbursement of treatments for rare diseases.

Methods

Four groups of stakeholders were identified and recruited using purposive sampling and a 
snowballing technique: pharmaceutical industry, healthcare regulation and policy, clinical and 
academic research, and patients and consumers. Their views were elicited during a 1.5-day 
meeting. In addition to the presentations given during this meeting by stakeholders, data 
collected for analysis consisted of the audio taped group discussions and anonymous written 
feedback provided by participants after each session. Data were transcribed verbatim and 
analysed in NVivo 10 using a thematic analysis method with constant comparison.

Results

Twenty-one stakeholders attended the meeting. A large part of the discussion concerned the 
dual purpose of n-of-one trials (i.e. assessing treatment effects in individual patients versus 
in a patient population), and whether the focus of n-of-one trials for rare diseases should 
be on the treatment or on the patient. All regulatory stakeholders believed that the focus 
should be on the treatment, and that the aim of the trials should be to generate evidence 
for regulatory decisions. Facilitating factors to using n-of-one trials included their ability to 
provide evidence of treatment effect in individual patients, thereby opening up markets for 
small patient populations. Barriers to widespread implementation of n-of-one trials for rare 
diseases included cost, time constraints, and limited expertise (clinician-researchers and 
patient representatives), unclear status of whether results of n-of-one trials could be used for 
regulatory decisions (pharmaceutical industry), and heterogeneity and lack of information 
regarding treatment safety (healthcare regulators). 

Conclusions

The need for innovative research designs to create an evidence base for treatments for rare 
diseases is widely acknowledged, but further consensus between stakeholders is needed 
before n-of-one trials could be implemented.
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InTRoDUcTIon

Despite efforts to promote the development of new treatments for rare diseases, the small 
number of patients available for clinical trials is a limiting factor when aiming to evaluate the 
effectiveness of potential treatments.1,2 To overcome this challenge, various new research 
designs that require fewer participants have been proposed. One such design is a serial n-of-
one trial design,1-4 in which results from multiple n-of-one trials are combined.

N-of-one trials, or single patient trials, are randomised, controlled, clinical trials in a single 
patient with multiple crossover cycles of the investigative and comparator treatment. Each 
patient acts as his or her own control and contributes multiple cycles of data. The treatment 
order is randomised, and preferably double-blinded. N-of-one trials share characteristics 
with randomised controlled trials (RCTs), such as comparator treatment, randomisation, and 
blinding. Due to their multiple crossover nature, they are suitable to assess the effects of 
symptomatic treatments for chronic, stable conditions.5

N-of-one trials can provide two types of data. First, n-of-one trials allow for a direct within-
patient comparison between investigative and comparator treatments, and can therefore help 
determine treatment effectiveness in a single patient.6 Secondly, results from series of n-of-one 
trials conducted according to the same research protocol can be aggregated (‘meta-analysed’) 
to estimate the population treatment effect.7,8 The power to detect an effect is increased by 
the fact that each patient acts as his or her own control and contributes multiple data points 
for both the investigative and comparator treatment, thereby minimising confounding and 
reducing variance; thus, fewer participants are needed than in conventional parallel-arm 
trials.1,9 For these reasons, series of n-of-one trials have often been suggested as a tool for 
conducting clinical research in small patient populations, such as for rare diseases.1-4

To date, however, no studies have examined the conditions under which evidence from 
such trials would be acceptable to stakeholders, such as health insurance providers or 
regulatory bodies concerned with licensing and reimbursement of treatments. A previous 
study in Australia explored stakeholders’ perspectives on the routine use of n-of-one trials 
in clinical practice to improve patient outcomes and increase rational and cost-effective 
prescribing of treatments for common illnesses.10 That study showed that the majority of 
clinical and regulatory stakeholders supported more widespread implementation of n-of-one 
trials to guide clinical management. However, it is unclear whether the same is also true for 
rare diseases, and whether results of n-of-one trials could be used for regulatory decisions for 
treatments for rare diseases. In this study, we explore stakeholders’ views on using results from 
n-of-one trials to decide about market approval and reimbursement of treatments for rare 
diseases.
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MeTHoDs

Design and setting. Stakeholders’ views were elicited during a 1.5-day multidisciplinary meeting 
at a conference location in September 2011. Participants were individually briefed by the two 
principal researchers (CV and SSW) about the aims of the meeting and relevant concepts 
(such as the definition of an n-of-one trial) in a face-to-face or telephone interview prior to the 
meeting, and again at the start of the meeting. During the meeting, stakeholders presented 
their professional views on using series of n-of-one trials for rare diseases, including challenges 
and recommendations for successful implementation, in 15-minute presentations. The aim 
of these presentations was to inform all participants of the relevant aspects of the healthcare 
setting and regulatory field in which n-of-one trials would need to be implemented, and to 
serve as a starting point for group discussions. Fifteen participant presentations were arranged 
in three thematically arranged sessions (‘problem analysis’, ‘stakeholder acceptability of n-of-
one trials’, ‘the road to implementation and policy’), which were facilitated by an experienced 
moderator. This study was exempt from ethics approval.

Participants. A purposive sample of stakeholders was identified using the researchers’ own 
professional networks and a snowballing technique. Representatives from the following areas 
of expertise were present: pharmaceutical industry, healthcare regulation and policy, clinical 
and academic research, and patient advocacy groups.

Data collection. Data collected for analysis consisted of the audio recordings of the presentations 
and the presentation slides, the audio recorded group discussions, and anonymous written 
feedback which was collected after each session, to ensure that any ideas not shared in the 
discussions were also collected and included in the analysis. Verbal consent to audio record 
the presentations and discussions was obtained at the start of the meeting. 

Data analysis. Data were used to write a technical report of the meeting, which was member 
checked by the meeting attendees, with some changes made based on their feedback. Audio 
recordings were transcribed verbatim and imported into NVivo version 10.2.1 for analysis. The 
audio recordings, presentation slides, anonymous written feedback, and technical report were 
analysed by two researchers (CV and SSW) for emerging themes using a constant comparison 
method. 
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ResUlTs

We identified stakeholders in four broad areas of expertise: pharmaceutical industry, 
healthcare regulation and policy, clinical and academic research, and patient advocacy. Two 
representatives of pharmaceutical umbrella organisations, and the CEO of a pharmaceutical 
company specialising in drugs for rare diseases represented the pharmaceutical industry. The 
regulatory field was represented by a drug regulator, an attorney of pharmaceutical law, two 
drug pricing and reimbursement policy advisors, two hospital policy advisors, two research 
funding advisors, and a medical advisor to a health insurance company. Clinical and academic 
research was represented by three clinician-researchers involved in rare disease research, 
two health technology assessment (HTA) researchers, an epidemiologist, and a medical 
ethicist. Patients and consumers were represented by the directors of two patient advocacy 
organisations. 

Thematic analysis. Emerging themes of stakeholders’ views are presented below and in Table 
1. A major part of the discussion revolved around the dual purpose that results from n-of-one 
trials can serve: they can be aggregated to estimate population treatment effects, but can also 
be used to guide clinical decision making for individual patients. Whether the focus of n-of-
one trials for rare diseases should be on the patient or the treatment was debated at length, 
and we first present a general overview of this discussion. We then discuss the barriers and 
facilitating conditions to adopting n-of-one trials for rare diseases as described by the four 
groups of stakeholders. 

Focus on the treatment or on the patient?

It was widely acknowledged that limited evidence of efficacy exists for many treatments that 
could benefit patients with rare diseases, and that this could limit availability of - and access 
to - treatments. Participants acknowledged that “’a lack of evidence of efficacy’ is not the same 

as ‘evidence of a lack of efficacy’” (Participant 1– clinician-researcher), and there was a general 
willingness to find ways to obtain appropriate evidence, such as by means of n-of-one trials. 
However, the ultimate purpose of this evidence – whether n-of-one trials should focus on the 
medicine or on the patient - was debated at length. 

Some participants felt that the main purpose of n-of-one trials should be to guide clinical 
decision-making:

“The unique thing about n-of-one trials is that they can be used to make treatment decisions 

for individual patients… whether a patient should be given a long-term treatment which is 

costly or has certain risks.” (Participant 2 – clinician-researcher)
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Table 1. Barriers and facilitators to using n-of-one trials for patients with rare diseases, by stakeholder group.

Stakeholder Facilitators Barriers

Pharmaceutical industry •  N-of-one trials could open up 

markets for licensing treatments for 

small patient populations, including 

‘personalised medicine’

•  N-of-one trials are only useful if evidence 

thus obtained is acceptable to healthcare 

regulators

Healthcare regulators •  Existing regulatory framework are 

often not suited to populations 

of patients with a rare disease; 

openness to explore alternative 

research methods and decisional 

criteria to determine the efficacy of 

treatment in these populations

•  Unclear whether series of n-of-one trials can 

obtain robust estimates of treatment benefit 

•  Difficulty evaluating treatment safety in 

series of n-of-one trials

•  Costs of conducting n-of-one trials not 

covered by mandatory health insurance

•  Unclear how many patients with a rare 

disease would benefit from implementation 

of n-of-one trials in regular healthcare

Clinical and academic 

researchers

•  Can provide evidence of treatment 

efficacy and cost-effectiveness 

in individual patients, as well as 

populations of patients 

•  Running n-of-one trials would be too time-

consuming without proper support and 

funding

•  Possible ethical difficulties, e.g. when 

individual treatment effects are at odds with 

the population effect estimates

Patients and consumers •  Can create an evidence base for 

treatments for groups of patients 

with a rare disease

•  Can help obtain more equitable 

access to treatment for patients 

with a rare disease

•  Unclear what the role of patient 

organisations should be – want to be 

involved but suffer from limited resources 

and expertise needed for setting up this 

type of trial

This participant believed that the ultimate aim of n-of-one trials should be to determine 
treatment effectiveness in individual patients. He felt that this information should then be 
used to apply directly to health insurance companies for reimbursement of treatments for 
patients whose treatment had proven to be effective. 

However, most participants - including all stakeholders from the regulatory field - felt 
that the ultimate goal of n-of-one trials should be to guide policy decisions for populations 
of patients with a rare disease. Thus, they felt that n-of-one trials should not focus on the 
treatment effect in individual patients, but on the population treatment effect: 

“N-of-one trials could be a way to gradually create […] evidence for the use of certain 

medicines for small groups of patients, when other [research] designs are difficult or even 

impossible to implement. And so pars pro toto for larger groups of patients with rare diseases.” 

(Participant 3 – patient representative)
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According to most participants, the greatest contribution of n-of-one trials to the treatment 
of patients with rare diseases would be by informing healthcare policy, although they did not 
rule out that n-of-one trials could sometimes also be useful in individual patient cases:

“[Results of] an n-of-one trial can also be valuable to individual patients if there is a legal 

dispute between the patient and their health insurer [about the right to reimbursement of a 

treatment].” (Participant 4 – drug pricing and reimbursement advisor)

Whether n-of-one trials for rare diseases should focus on individual patients or on patient 
populations was debated several times during the stakeholder meeting. This debate may in 
part have been fuelled by beliefs that some rare diseases are so rare that it would never be 
feasible to obtain a population effect estimate, even by means of n-of-one trials: “How many 

patients like that [referring to the n-of-one trial of a patient with an atypical form of a rare disease 

that was just presented] do you think you will come across?” (Participant 2 – clinician-researcher) 
Despite differences in opinion about what should be the focus of n-of-one trials, the barriers 
and facilitators to adopting n-of-one trials to create evidence for regulatory decisions was also 
discussed at length, as presented below.

Pharmaceutical industry: opening up new markets for small patient populations, if evidence 

acceptable to regulators

Representatives of the pharmaceutical industry indicated that n-of-one trials could open up 
new markets for treatments in small patient populations, but only if evidence from n-of-one 
trials could be used by regulators:

“If the industry decides to do this [i.e. using n-of-one trials to examine the efficacy of 

treatments in patients with rare diseases], then it is important to know that that is going to 

lead somewhere, that [the healthcare regulators for market approval and reimbursement] 

can do something with this evidence, and that it’s not just a little something extra [for an 

individual patient] in the outpatient department.” (Participant 5 - pharmaceutical industry 

representative)

They highlighted a few areas where further guidance from healthcare regulators on 
acceptability was needed, for example:

“The duration of the trials – are you allowed to collect data over a time period of 20 years 

[and use them for healthcare regulatory purposes]? Studies on a European level – can you use 

data that was collected in Romania? To pool data? Those are things we would need to think 

about.” (Participant 5 – pharmaceutical industry representative)
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Thus, there would need to be a clear and accepted business case for the industry to take up 
the n-of-one trial design, and representatives indicated that that could open up possibilities 
for industry-sponsored n-of-one trials which could facilitate their more widespread adoption. 
The industry representatives also felt that it was not just patients with rare diseases who would 
benefit from the development and implementation of techniques to evaluate treatment 
effectiveness in small patient populations, but that they could be used more broadly in other 
small patient populations, given the current trend towards ‘personalised medicine’.

Healthcare regulators and policymakers: current regulatory frameworks not suitable for small 

patient populations, but unclear if n-of-one trials can provide robust and necessary evidence

Policymakers acknowledged that the current regulatory framework, with its emphasis on large 
randomised clinical trials, placed an unfeasible burden of proof on treatments for patients with 
a rare disease: 

“The current regulatory framework was not made for rare diseases, for “n-of-one” patients. 

[…] [Rare diseases] just don’t fit the way in which we’ve organised our healthcare, with group 

data, with RCTs that don’t care about individual patient information. I think it is only fair if we 

would acknowledge that.” (Participant 6 – drug regulator)

Regulators were willing to explore alternative research methods and criteria for the level of 
evidence that might be expected in the case of rare diseases. They said that this was also an 
on-going debate within their own organisations. 

However, the decisions that they make hinge on being able to weigh up the benefits and 
risks of a treatment. Two major concerns for healthcare regulators were how to obtain robust 
estimates of treatment effects and how to obtain appropriate evidence of treatment safety in 
such small samples. First, even if data were obtained from series of n-of-one trials, regulators 
questioned whether they could provide adequate information on treatment benefit. They 
stressed that their decisions apply to populations of patients, not to individual patients: 

“[…] so in the end a single patient would not be enough. The decisions we make also apply 

to the next patient with that condition, […] so we’d need more than [data from only] one 

patient and one n-of-one trial.” (Participant 7 – drug reimbursement policy advisor)

They nevertheless acknowledged that there was a balance to be struck between the need for 
a robust population effect estimate as a basis for regulatory decisions and the limited number 
of patients with a particular rare disease that would be available for research. Some regulators 
believed it was the task of academic researchers to prove that series of n-of-one trials could 
provide such robust population effect estimates: 
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“The question that I’d like to see answered is whether this method, as an alternative to the 

more standard research methods such as RCTs, can provide solid scientific evidence at the 

population level, population in the sense of [a population of] rare disease [patients], upon 

which to base reimbursement decisions. […] This is first and foremost an HTA issue: do we all 

agree that this is a good method to reach a well-considered decision about reimbursement?” 

(Participant 4 – drug pricing and reimbursement advisor)

Secondly, healthcare regulators indicated that it could also be difficult to establish the safety 
of a treatment in small groups of patients, especially if adverse effects were rare and would 
thus probably not be discovered in series of n-of-one trials if their total sample size were only 
small: “We need to carefully consider how these risks can nevertheless [be monitored].” (Participant 
6 – drug regulator) 

Some policymakers recommended that researchers seek scientific advice or protocol 
assistance before commencing on n-of-one trials - if market approval or reimbursement were 
their ultimate aim - to ensure that all relevant data were collected, and were collected in the 
right way: 

“[If you only] present the results to the regulators afterwards, they might say: “Why did you 

not follow guideline A, B, or C?”” (Participant 6 – drug regulator) 

The recommendation to obtain scientific advice tied in with regulators’ views that series of n-of-
one trials to obtain population effect estimates would constitute research, rather than clinical 
care. They explained that the costs of running these trials would therefore not be eligible for 
reimbursement via the healthcare system: “I think [n-of-one trials] are more research [than clinical 

care], and that is not covered by the basic healthcare package.” (Participant 8 – medical advisor to 
a health insurance company)

Finally, another remaining question expressed by one healthcare regulator was how many 
patients with a rare disease would benefit from n-of-one trials as a means to get access to 
treatment:

“What is the scale of this problem? How many treatments [for patients with rare diseases] 

are not eligible for reimbursement under our current system? For which treatments are our 

systems not fine-grained enough?” (Participant 4 – drug pricing and reimbursement advisor)

This participant pointed out that, due to its multiple crossover design, n-of-one trials would 
not be suitable to assess the effectiveness of every type of treatment for rare diseases, and 
warned against making the problem fit the solution rather than the other way around.
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Clinical and academic research: evidence of effectiveness on individual and population level, but 

n-of-one trials too time-consuming

Clinicians and academics welcomed n-of-one trials as a tool to provide personalised medicine, 
and patient-level evidence of cost-effectiveness of treatment: 

“As a consultant, I notice that if a medicine is very expensive, people are checking whether 

you’re not prescribing it too much or for the wrong indications [i.e. off-label or indications 

that are not officially eligible for reimbursement]” (Participant 9 – clinician-researcher)

They shared the views of the pharmaceutical industry representatives that n-of-one trials 
could be used more widely than just for rare diseases: according to clinicians, they could be 
used to evaluate any costly, long-term treatment for which individual treatment responses 
may vary across patients. 

However, given their high administrative burden, clinicians viewed n-of-one trials as 
something that they would only be able to do sporadically unless they were provided with 
proper support:

“If I have to obtain ethics approval and all that [for every n-of-one trial] then I might only be 

able to do one trial a year and that is already quite a lot of work. I have lots of other things to 

do as well.” (Participant 9 – clinician-researcher)

The effort involved in setting up and running n-of-one trials may limit the feasibility of doing 
them regularly for patients with a rare disease, and may thus limit the progress that can be 
made to improve access to treatment for these patients through n-of-one trials. This would 
be compounded if the costs of running a trial, including clinician time spent on such trials, 
were not covered by the mandatory basic health insurance in the Netherlands, and if clinicians 
had to obtain research funds for each n-of-one trial or series of trials. Some clinicians and 
researchers were in favour of a “pay for performance”-style arrangement for n-of-one trials: 

“But, for example, one could suggest that patients […] are eligible for reimbursement if an 

n-of-one trial has shown that that treatment works [in that patient]. Some sort of conditional 

reimbursement.” (Participant 10 – HTA researcher)

They suggested that over time, once enough data had been collected, a pay-for-performance 
model could also allow decisions to be made about reimbursement of the treatment for the 
patient population as a whole.
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In general, neither clinicians nor academics seemed to share the healthcare regulators’ 
concerns about difficulties establishing robust treatment effect estimates using series of n-of-
one trials. Instead, they seemed to value the ability of n-of-one trials to provide personalised 
evidence of treatment effectiveness and cost-effectiveness, as well as evidence at the 
population level, although the medical ethicist pointed out that this duality could lead to 
difficult situations. For example, the individual and population effect estimates of n-of-one 
trials could be at odds with each other: the results of an individual n-of-one trial could show a 
benefit of treatment for an individual patient, while the pooled results of a series of trials could 
show a non-significant effect at the population level. A pay-for-performance arrangement 
could also jeopardise patients’ voluntary decision to participate in an n-of-one trial if they 
could only get the treatment in a research setting.

Patients and consumers: more equitable access to effective treatments for patients with a rare 

disease, but limited resources and expertise to carry out n-of-one trials

Patient representatives explained that despite the difficulties in the systematic evaluation of 
treatment effectiveness, many patients with rare diseases do receive some form of treatment, 
often off-label. Because of a general lack of scientific evidence to support these treatments, 
they are regularly put up for debate and are at risk of losing their funding, sometimes 
leading to patients having to go to court to fight for continuation of their treatment. Patient 
representatives therefore welcomed n-of-one trials as a method to obtain scientific evidence 
of effectiveness for individual patients as well as groups of patients with a rare disease, and 
embraced the possibility that these trials could ultimately help provide more equitable access 
to treatment. 

Despite their enthusiasm for n-of-one trials, patient representatives were unsure of the role 
that their organisations could play. Although generally in favour of more widespread use of 
these trials, they pointed out that they did not have the capability to coordinate the trials, due 
to their limited resources and the extensive expertise needed to set up and run this type of 
trial:

“If a trial service for n-of-one trials were to be set up, I do not think that we, as a [patient] 

organisation, could be responsible for it, in terms of the infrastructure, human resources, 

and brainpower needed…. [Don’t get me wrong] I’d be itching to get started! I believe that 

if it’s about us [i.e. patients] it shouldn’t be without our involvement, or without us playing 

a leading role. [So] I think we should get started [with n-of-one trials], and [as a patient 

organisation] we should play a role, but not a leading one.” (Participant 11 – chair of patient 

advocacy organisation)
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DIscUssIon

N-of-one trials have often been suggested as a suitable trial design for small patient populations, 
but our study is the first to explore whether this design is acceptable to stakeholders from the 
pharmaceutical industry, healthcare regulatory agencies, clinical and academic research, and 
patients and consumers. Our multidisciplinary stakeholder meeting shows that the unmet 
need of creating an evidence base for treatments for rare diseases is recognised widely among 
these stakeholders. However, our results also highlight areas where further consensus between 
stakeholders is needed before series of n-of-one trials to inform regulatory decisions could be 
successfully implemented. 

First, there was continued debate about whether n-of-one trials should ultimately be 
used to inform decisions for patient populations or individual patients. This disagreement 
reflects the dual nature of series of n-of-one trials, which can provide evidence at both the 
patient and population level.6-8 As in most countries, healthcare policy decisions about market 
approval and reimbursement in the Netherlands are made for populations of patients. As one 
participant noted, results from individual trials may be at odds with the pooled results from 
a series of trials. It is therefore important that all those involved in n-of-one trials aimed at 
guiding regulatory decisions understand how the results will be used. This may, for example, 
require a more comprehensive informed consent procedure to ensure that patients who 
consider participating in these trials are adequately informed about how their trial results will 
be used and how this may ultimately affect them. 

On the other hand, it may not always be feasible to obtain population level data, not even 
by means of n-of-one trials. Prevalence numbers for rare diseases vary widely,11 and population-
level data may never be obtained for some of the ultra-rare diseases, or for atypical cases of 
a rare disease, such as the case referred to earlier (which has since been published12). In these 
cases, n-of-one trials could still be used to determine effectiveness at the individual level as 
long as they fulfil the suitability criteria for conducting an n-of-one trial;5 for an example, see.12  
The current regulatory focus on population-level data thus also raises questions about how 
access to treatment could ever be obtained for the ultra-rare diseases.
Secondly, we noted important differences between the barriers to more widespread 
implementation as reported by the various stakeholders: the pharmaceutical industry required 
more guidance from healthcare regulators about the conditions under which evidence from 
series of n-of-one trials could be accepted as part of market approval or reimbursement dossiers. 
Clinicians also looked to regulators to facilitate series of n-of-one trials for rare diseases. They 
indicated that financial and time constraints would be important barriers for them. Cost and 
time constraints were also important barriers identified in an Australian study that explored 
stakeholders’ views on the routine use of n-of-one trials in clinical practice to increase rational 
and cost-effective prescribing,10 as well as in a US study.13 A recent assessment of a small 
series of n-of-one trials for a rare disease indeed showed considerable time investment and 
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costs to trialists.14 To overcome these barriers, clinicians in our study suggested a conditional 
reimbursement model, which would cover their time and the cost of the trials. An Australian 
study in patients with osteoarthritis, chronic neuropathic pain, and ADHD showed that n-of-
one trials can ultimately result in cost-savings due to reduced use of non-optimal drugs and 
fewer medical consultations, which off-set the costs of the n-of-one trials.15 Because many 
patients with a rare disease do receive some form of treatment, often off-label, an important 
area of future research could be to examine whether a conditional reimbursement model for 
n-of-one trials for rare diseases could result in the same cost-savings for rare disease treatments. 
Apart from the direct costs of designing and running the trials, there may also be other costs, 
such as those of preparing a dossier for licensing or reimbursement, licensing a treatment (for 
a new population), and post-marketing surveillance.14 

However, healthcare regulators dismissed clinicians’ suggestions for conditional 
reimbursement. They viewed series of n-of-one trials as constituting research rather than 
clinical care, and were of the opinion that series of n-of-one trials would therefore not be 
eligible for reimbursement through the health insurance package. Healthcare regulators did 
not dismiss the pharmaceutical industry’s claim for more guidance on the feasibility of using 
results from n-of-one trials for regulatory decisions, but shifted the burden of proof to academia: 
they felt that the main issue that needed to be addressed was whether series of n-of-one trials 
could provide robust evidence of treatment efficacy and safety, with one healthcare regulator 
calling it “first and foremost an HTA issue”. Interestingly, this echoes comments from healthcare 
regulators in the Netherlands who were recently asked to assess the results of a small series 
of n-of-one trials of ephedrine as add-on treatment for myasthenia gravis.14 Regulators from 
the National Health Care Institute “considered it the applicants’ responsibility to demonstrate 
that the statistical methodology as applied to this aggregated N-of-1 trial design is the correct 
methodology to enable a reliable statement about an effect at the population level” (p.11-
1214). Several authors have previously noted that effective interactions and collaborations with 
regulators and other stakeholders increase the chances of successfully bringing treatments for 
rare diseases to market.16-18 Therefore, further consensus as to what is “robust evidence” could 
be an important step towards the implementation of series of n-of-one trials for regulatory 
purposes.

Since this stakeholder meeting took place, several studies have started to address the 
robustness of results from aggregated n-of-one trials, by comparing them with results obtained 
through the gold standard group-randomised controlled trials.19,20 Results from these studies 
may shed some light on questions about the robustness of aggregated n-of-trial results. In 
addition, other health technology tools and techniques that are becoming available may 
help address the time constraint barriers reported. For example, mobile health data platforms 
offering templates for n-of-one trials may make it easier for clinicians to carry out n-of-one 
trials,21 and may facilitate recording of data during the n-of-one trial.22 However, it is important 
to note that the successful implementation of series of n-of-one trials for regulatory purposes 

3

Stakeholders’ views on n-of-one trials for regulatory decisions on rare diseases

61



may be hindered by a lack of consensus among stakeholders on what the main barriers are, 
and how these should be addressed. It is also important to note that these issues are not just 
limited to series of n-of-one trials; the trend towards personalised medicine means that patient 
populations are getting increasingly smaller, and much of the research in this area is driven by 
clinicians and academia.

Third and finally, we noted that there is no clear indication of the demand for n-of-one 
trials – as echoed by one healthcare regulator who asked about the scale of the problem that 
n-of-one trials would address – nor is it clear who would drive forward the implementation 
of series of n-of-one trials for regulatory purposes. Pharmaceutical companies may not want 
to invest in series of n-of-one trials until it has become clear whether their results can be 
used by healthcare regulators. Clinicians may be deterred by the effort involved in setting up 
and carrying out this type of trial. In addition, under the current regulatory framework in the 
Netherlands and the European Union, only the license holder of a medicine can submit a dossier 
for market approval. This legal restriction may leave academics, clinicians, patients and patient 
organisations feeling that they do not have a role to play in regulatory processes, unless via 
the license holder. As mentioned before, this is despite the current trend towards personalised 
medicine that has created a need for evidence of safety and effectiveness in small patient 
populations, which the license holder often does not provide. Furthermore, it may be difficult 
to engage patients or patient organisations to become advocates of this type of trial. It may be 
problematic to gauge patients’ enthusiasm for n-of-one trials, even if the burden of disease is 
great, because n-of-one trials do not constitute a treatment or intervention, but are a research 
design that can be used across diseases and patient groups. To obtain an accurate impression 
of patient demand would require that n-of-one trials’ applicability be explored across a wide 
range of diseases and treatments, which may prove infeasible. In addition, patient demand 
may be limited by geographical borders and differences in regulatory assessments between 
countries,23,24 and the fact that n-of-one trials are not suitable for all types of treatment.5 Finally, 
it may be unclear who would benefit financially from n-of-one trials (the license holder? 
health insurance companies? the wider healthcare system?), as also noted previously by other 
authors,13,25 raising questions about where funding for n-of-one trials should come from. Lack 
of funding has been an important reason for the discontinuation of previous n-of-one trial 
services.26 All of these factors contribute to the uncertainty about which stakeholder is the 
obvious choice to take responsibility to further develop series of n-of-one trials for regulatory 
decisions.

Our study had several limitations. This is the first study to scope stakeholders’ views on 
using n-of-one trials for rare diseases, and, to our knowledge, no series of n-of-one trials with 
the aim of presenting the results to regulatory agencies had been conducted at the time of the 
stakeholder meeting. Thus, the case presented to the stakeholders, i.e. creating an evidence-
base for rare disease treatments through series of n-of-one trials, was a hypothetical one at the 
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time. It is worth noting, however, that the aforementioned study by Weinreich et al.14 has since 
explored the regulatory assessment of a small series of n-of-one trials, and another protocol 
for a series of n-of-one trials which also aims to submit the results for regulatory assessment 
has since been published.19 In addition, the views of the stakeholders presented here were 
collected in the context of the Dutch healthcare system. In the EU, market approval decisions 
for treatments for rare diseases are increasingly made on an international level, but decisions 
about reimbursement continue to be made by the individual member states.23,24 Although 
many of the requirements for evidence of efficacy and cost-effectiveness are similar across 
member states, future research should examine to what extent the barriers, facilitators, and 
recommendations regarding the implementation of series of n-of-one trials for regulatory 
decisions identified in this study would also be applicable to other healthcare systems. Finally, 
the regulatory landscape is an evolving one, especially concerning rare diseases, and thus 
some of the barriers to the adoption of n-of-one trials described here may lessen over time 
as new policies regarding what constitutes sufficient evidence when applying for market 
approval or reimbursement of treatments for rare diseases crystallise.

conclUsIons

N-of-one trials have often been suggested as a suitable research design for small patient 
populations, such as in rare diseases, but this study is the first to explore its acceptance by 
stakeholders from the pharmaceutical industry, healthcare regulatory agencies, academic and 
clinical research, and patients and consumers. The need for innovative research designs to 
create an evidence base for treatments for rare diseases was widely acknowledged, but further 
consensus among stakeholders is needed before n-of-one trials for regulatory purposes could 
be routinely implemented.
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