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Abstract 
Background.  Neurofibromatosis type 1, NF2-related schwannomatosis and non-NF2-related schwannomatosis 
(grouped under the abbreviation “NF”) are rare hereditary tumor predisposition syndromes. Due to the low preva-
lence, variability in the range, and severity of manifestations, as well as limited treatment options, these conditions 
require innovative trial designs to accelerate the development of new treatments.
Methods.  Within European Patient-Centric Clinical Trial Platforms (EU-PEARL), we designed 2 platform-basket 
trials in NF. The trials were designed by a team of multidisciplinary NF experts and trial methodology experts.
Results.  The trial will consist of an observational and a treatment period. The observational period will serve as 
a longitudinal natural history study. The platform trial design and randomization to a sequence of available inter-
ventions allow for the addition of interventions during the trial. If a drug does not meet the predetermined efficacy 
endpoint or reveals unacceptable toxicities, participants may stop treatment on that arm and re-enter the observa-
tional period, where they can be re-randomized to a different treatment arm if eligible. Intervention-specific eligi-
bility criteria and endpoints are listed in intervention-specific-appendices, allowing the flexibility and adaptability 
needed for highly variable and rare conditions like NF.
Conclusions.  These innovative platform-basket trials for NF may serve as a model for other rare diseases, as they will 
enhance the chance of identifying beneficial treatments through optimal learning from a small number of patients. The 
goal of these trials is to identify beneficial treatments for NF more rapidly and at a lower cost than traditional, single-
agent clinical trials.
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Neurofibromatosis type 1 (NF1), NF2-related schwannomatosis 
and non-NF2-related schwannomatosis (grouped under the 
abbreviation “NF”) are rare tumor predisposition syndromes, 
with respective incidences of approximately 1 in 2000,1 1 in 
27 9561,2 and 1 in 68 956.3 The hallmark of these conditions 
is the development of benign nerve sheath tumors. NF1 dis-
plays a wide variety of other disease manifestations in almost 
all organ systems, with a pronounced variability in clinical 

expression.2,4,5 Most of the NF-associated tumors are low-
grade with a small risk of malignant transformation. Still, 
they can cause significant morbidity due to their size and/or 
location.

The current treatment options for NF-associated disease 
manifestations are limited. Studies of the underlying signaling 
pathways have revealed potential targets for drug treat-
ments,6,7 but the translation into clinical trials has been slow. 

Platform trial design for neurofibromatosis type 1, 
NF2-related schwannomatosis and non-NF2-related 
schwannomatosis: A potential model for rare diseases  
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From 2010 to 2021, the results of just 42 clinical trials in 
NF were published.8 Indeed, conducting a clinical trial for 
NF comes with an array of challenges. The timing and as-
sociated morbidity of manifestations vary substantially 
between individuals,9 which results in variable treatment 
needs. Limited patient numbers are another restriction, 
given the low prevalence of the disorders. The phenotypic 
variability adds an additional layer of complexity, that is the 
number of patients with a specific manifestation that re-
quires treatment is even lower. This complicates the collec-
tion of adequate safety and efficacy data, especially when 
using standard trial designs.10 Moreover, the natural his-
tory of most of the manifestations of NF has not been fully 
described. Data on the natural history of NF-associated tu-
mors and other manifestations may provide insight into 
possible predictors of progression and disease burden, 
help define the best time point for initiating treatment, and 
help define benchmarks for treatment success.10,11

For patients with rare diseases like NF, the time from drug 
discovery to approval is lengthy. Novel approaches are 
needed to accelerate the development of effective therapies 
for rare diseases. The European Patient-CEntric ClinicAl TRial 
PLatforms (EU-PEARL), a project funded under the Innovative 
Medicines Initiative (IMI), aims to establish the use of plat-
form trials for the efficient clinical evaluation of therapies 
for patients in areas of unmet medical need.12 EU-PEARL 
chose 4 contrasting disease areas as exemplars to create a 
framework for platform trials in Europe: major depressive 
disorder, tuberculosis, nonalcoholic steatohepatitis (NASH), 
and NF. Under EU-PEARL we developed 2 platform-basket 
trials, 1 for NF1, and 1 for NF2-related schwannomatosis and 
non-NF2-related schwannomatosis, which share the same 
principles and structure. The design of these platform-basket 
trials provides an opportunity to gain insight into the poten-
tial benefits of adaptive clinical trials for rare diseases, and 
how they could advance the development of effective ther-
apies for these patients. In this article, we present the princi-
ples of platform trials, and subsequently the platform-basket 
trial design we developed for NF.

Platform Trials

Platform trials are defined by the adaptive platform trials 
coalition as “the study of multiple targeted therapies to a 
single disease in a perpetual manner, with therapies al-
lowed to enter or leave the platform on the basis of a pre-
defined decision algorithm.”13 If more than one disease or 
disease subgroup is included in a platform trial, it is called 
a platform-basket trial.

The structure of a platform trial generally consists of 
a master protocol and intervention-specific appendices 
(ISAs).13 Each intervention tested in the platform trial has 
its own ISA. In the NF platform trials, manifestation-specific 
sub-sections are also incorporated in this structure. The 
master protocol contains the overarching design of the 
platform trial, including all elements that are common 
across the different interventions or therapies that fall 
under the master protocol.14 Examples of such elements 
include the study rationale, the primary objective of the 
trial, a description of the target patient population and the 

corresponding trial eligibility criteria, the study duration, 
and the statistical analysis plan. The ISAs contain further 
information on a specific intervention, describing features 
that can vary from intervention to intervention. Examples 
of elements included in the ISA are the rationale for testing 
this intervention in the described patient population, ben-
efit/risk information, specific eligibility criteria that apply 
to the intervention (eg, age restrictions), dosing specifi-
cations, and specific measurements for each intervention 
(eg, related to safety and tolerability, pharmacokinetics, 
and biomarkers). ISAs function as plug-ins to the master 
protocol and are the mechanism through which new inter-
ventions are added to the platform. As such, an ISA has 
the same structure as the master protocol and comple-
ments the latter. The manifestation-specific sub-sections, 
or disease subgroup sub-sections, can be used to provide 
further information on elements that only apply to a cer-
tain subgroup of patients. In the NF platform trials, each 
included disease manifestation has its own sub-sections. 
These sub-sections provide information on elements that 
may be different across disease manifestations, for ex-
ample, eligibility criteria, the assessment schedule, out-
come measures and endpoints, the response assessment, 
and treatment success/futility criteria.

Platform trials allow for the incorporation of interim ana-
lyses and response-adaptive randomization. Interim ana-
lyses of outcome data can be used for early withdrawal 
of interventions from the trial, either due to proof-of-
concept, futility or unacceptable levels of toxicity. By using 
response-adaptive randomization, allocation ratios to the 
different interventions may change during the course of 
the trial to increase the likelihood for participants to be 
randomized to interventions with better efficacy. The func-
tionality of a platform trial can improve the outcomes for 
individual trial participants, and shorten the time that is re-
quired to evaluate the performance of an intervention.15

Platform trials have already been successfully utilized in the 
field of oncology,16,17 and are becoming more common in other 
fields, including neurology18,19 and COVID-19.20 Compared to 
trials for a single intervention in one disease, platform trials 
provide numerous benefits. Platform trials are hypothesized 
to be more efficient at finding effective treatments by reducing 
start-up times and using fewer resources.21 This increased effi-
ciency has also been demonstrated in economic evaluations 
and real-world scenarios.22–24 In addition, platform trials utilize 
an already operational trial infrastructure and clinical networks 
to investigate new medications.25 Also, platform trials can re-
duce trial costs and increase statistical efficiency through the 
sharing of resources (like control group data) between multiple 
sponsors and investigational medicinal product (IMP) owners.

Methods

The EU-PEARL trials for NF were developed by a team of 
clinicians with expertise in NF, methodology and trial de-
sign experts, experts in trials for NF, and patient represent-
atives (Annex I). The general trial design was inspired by the 
“Innovative Trial for Understanding the Impact of Targeted 
Therapies in NF2” (INTUITT-NF2), a pioneering platform trial 
in NF2-related schwannomatosis.26 The master protocols 

http://academic.oup.com/nop/article-lookup/doi/10.1093/nop/npae001#supplementary-data
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were based on the master protocol template as provided 
by TransCelerate (version 8, copyright TransCelerate 
Biopharma Inc. 2019 – 2021) and a modified version of this 
template, published as a deliverable by Work Package 2 of 
EU-PEARL.27 Approval of an institutional review board or 
ethics committee was not applicable to this study. The pa-
tient representatives that were involved in the design of the 
trial participated as advisors, not as study subjects.

The first key task was to select the manifestations of NF 
that were to be included in the platform-basket trials. In a 
separate effort, the team prioritized manifestations for inclu-
sion in the trial through a modified Delphi procedure, asking 
for the opinions of both health professionals and patient rep-
resentatives.28 The NF1 manifestations that were selected 
for inclusion as a result of the Delphi procedure were 
plexiform neurofibroma (PN), cutaneous neurofibroma 
(cNF), optic pathway glioma (OPG), and nonoptic pathway 
low-grade glioma (LGG). The selected manifestations 
of NF2-related schwannomatosis and non-NF2-related 
schwannomatosis include: (1) vestibular schwannoma in 
NF2-related schwannomatosis, (2) meningioma in NF2-
related schwannomatosis, (3) ependymoma in NF2-related 
schwannomatosis, (4) radiologic progressive nonvestibular 
schwannoma, and (5) static and pain causing nonvestibular 
schwannoma in non-NF2-related schwannomatosis.

Results

Two separate master protocols were developed: one for NF1, 
and one that included both NF2-related and non-NF2-related 
schwannomatosis manifestations. Both master protocols 
follow the same structure and apply the same flowchart as 
described below. The corresponding trials are open-label, 
Phase I/Phase II proof-of-concept, platform-basket studies. 
The aim of the trials is to screen the effectiveness of inves-
tigational agents in different manifestations of NF1 and 
NF2-related and non-NF2-related schwannomatosis. Each 
of 2 platform-basket studies can be viewed as a collection 
of single-arm proof-of-concept studies with a binary (re-
sponse/nonresponse) endpoint. Each combination of an 
investigational agent and a manifestation is treated as a sep-
arate proof-of-concept study because recruitment times and 
endpoints vary greatly across the included manifestations.

Pillars of the Study Flow: Decision Points

To streamline the development of the manifestation-specific 
sub-sections of the master protocols, the team reviewed a 
participant’s journey through the platform trial. By describing 
and harmonizing the different decisions that need to be 
made for individual participants across all manifestations, 
we limited these decisions to just 4 key decision points.

These 4 different decision points correspond to 4 
questions:

1. Does the patient meet the master protocol eligibility 
criteria?

2. Does the patient qualify to receive an investigational in-
tervention under the master protocol (treatment eligi-
bility criteria)?

3. Does the patient meet the intervention-specific eligi-
bility criteria?

4. Does the patient meet the criteria for treatment 
discontinuation?

The criteria to answer these 4 questions are specific to the 
different manifestations. The key decision points allowed 
us to harmonize the manifestation-specific sub-sections of 
the master protocols. We assigned sub-teams of experts to 
each manifestation to develop these sub-sections. There 
was 1 sub-team for NF2-related schwannomatosis and 
non-NF2-related schwannomatosis, and 4 for NF1, each 
dedicated to a specific manifestation of NF1. To ensure fu-
ture data comparability, meetings with experts on trials in 
NF from the USA and paediatric neuro-oncologists were 
arranged, to align the protocols to current or upcoming 
trials for NF-associated tumors as best as possible.

The diagram in Figure 1 shows a participant’s journey 
through the NF platform-basket trials. The master protocol 
eligibility criteria define whether a participant can be en-
rolled in the observational period for a particular mani-
festation (first diamond in Figure 1). The eligibility criteria 
for the master protocol are specific to each manifestation. 
Eligible participants will remain in the observational period 
until there is an investigational intervention available, 
which could be the case immediately upon admission to 
the observational period.

Once there are one or more investigational interventions 
available under the master protocol for the participant’s 
manifestation, it will be checked whether the participant 
meets the criteria to receive an investigational treatment, 
which is defined separately for each manifestation (second 
diamond in Figure 1). If yes, the participant will be assigned 
to a treatment arm. Participants not eligible for treatment 
will remain on the observational period.

If only one investigational intervention is available, the 
participant will be assigned to the corresponding treat-
ment arm. The participant will receive the intervention if 
they meet the intervention-specific eligibility criteria as de-
fined in the corresponding ISA. If several interventions are 
available, the assignment will be based on randomization. 
Participants will be randomized to a sequence of available 
interventions. Participants will receive the first interven-
tion in the sequence for which they fulfil the intervention-
specific eligibility criteria (bottom diamonds in Figure 1). If 
they do not meet the criteria for any of the interventions, 
participants will remain in the observational period until a 
new intervention becomes available.

Randomizing to a sequence of interventions is primarily 
done for operational simplicity. It does not mean that par-
ticipants will receive this sequence of treatments, rather, 
they will receive the first treatment in the sequence for 
which they meet the ISA-specific eligibility criteria. After 
completing a treatment arm or treatment discontinua-
tion, participants will be re-randomized to a sequence of 
treatments, which would include all treatments that are 
currently available. This sequence could include an inter-
vention which the participant has already received before. 
Each ISA will include an exclusion criterion that precludes 
the participants from receiving the same treatment twice.

The participant will remain on a treatment arm until 
they complete it as per protocol, or until they meet the 
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criteria for treatment discontinuation (eg, adverse events 
and disease progression) (central diamond in Figure 1). 
Regardless of the reason for treatment discontinuation, the 
participant may be re-admitted to the observational period, 
given that they still meet the master protocol eligibility 
criteria. From here, the participant journey as described 
above may begin again. If participants complete the treat-
ment arm as per protocol, follow-up visits and data collec-
tion will take place as specified in the corresponding ISA, 
and eligible participants may re-enroll in the platform-
basket trial if needed. Participants may also receive an 
investigational intervention for a different manifestation 
from the one for which they were originally admitted to the 
master protocol, if they meet the corresponding eligibility 
criteria. As such, participants may receive multiple inves-
tigational interventions over time, possibly for different 
manifestations.

Characteristics of the Observational Period of the 
Trials

The observational period will serve as a longitudinal nat-
ural history study (LNHS). Participants that are enrolled on 
this observational period will receive the current standard 
of care according to local practice. During this observa-
tional period, minimal data will be collected. Sites can col-
lect additional data according to their standard of practice. 
The required data includes administrative and operational 
data, demographics, data on primary endpoints specific 
to each manifestation (such as MRI for PN and LGG, and 
visual acuity for OPG), information on tumor-directed 
therapies (surgery, chemotherapy, etc.), as well as patient 

reported outcome measures (PROMs), clinical data, and 
functional assessments. The assessment schedule for the 
observational period is aligned with regular clinical care 
and therefore less frequent as compared to the treatment 
arms. As most centers see the patient population for the 
EU-PEARL-NF trials at least once per year, participants on 
the observational period are to be seen minimally once 
every 12 months. The data collected during the observa-
tional period will be used to understand the long-term nat-
ural history of the disease. The collected data will be used 
to update the target responder rates (“P0” and “P1” in the 
statistical section below) for evaluation of the investiga-
tional interventions.

Statistical Considerations

For the statistical analysis, each investigational agent, 
when assessed for treatment of a specific manifestation of 
NF1 or NF2-related or non-NF2-related schwannomatosis, 
is regarded as a stand-alone single-arm proof-of-concept 
study. If an investigational agent is tested for 2 different 
indications, there are correspondingly 2 proof-of-concept 
studies with that agent. Regardless of the manifestation, 
the primary endpoint is a binary response/nonresponse 
endpoint. Each proof-of-concept study will be analyzed 
separately. Inference is about the unknown responder 
probability P. The primary analysis is based on a confi-
dence distribution,29 which is a frequentist analogue of 
a Bayesian posterior distribution. The confidence distri-
bution is obtained from the data of the proof-of-concept 
study and summarizes our (data-driven) knowledge 
about the response probabilities at the end of the trial. 

Start screening

Master protocol criteria

Participant is not
eligible for the trial

for this
manifestation. Criteria

not met

Criteria
not met

Criteria
not met

Criteria
not met

Criteria
not met

Criteria
not met

Criteria met

Criteria met
Criteria met Criteria met

Criteria met

Criteria met

Participant is
enrolled in

observational period

Treatment criteria

Participant is
randomized to a

sequence of available
investigational agents

Intervention-specific
criteria for first drug

in the sequence

Intervention-specific
criteria for next drug

in the sequence

Criteria for
treatment

discontinuation

Participant is
treated

with the drug

Intervention-specific
criteria for the last drug

in the sequence

Figure 1. Participant flow through the EU-PEARL-NF platform-basket trials. The 4 main decision points are represented by the diamonds.
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To conduct the analysis, a range of ineffective response 
probabilities (from 0 to P0, say) and a range of desired (or 
clinically relevant) response probabilities (from P1 to 1, 
say) will be defined (with P0 < P1). Values of P0 and P1 will 
initially be based on clinical consensus, but over time will 
be updated based on the observed response rates in the 
observational period. The confidence distribution assigns 
probabilities to these ranges, and proof of concept will be 
declared if the probability assigned to the range of inef-
fective probabilities is small (smaller than a predefined 
value α), and if the probability assigned to the range of 
desired response probabilities is large (larger than a pre-
defined value 1 − β). Details on the statistical analysis ap-
proach and its operating characteristics will be published 
separately.

For each manifestation, the default sample sizes have 
been set based on estimated patient availability. For PN 
and cNF, the default sample size is currently set to 40 par-
ticipants in each intervention arm. For OPG and LGG, the 
default sample size is set to 10 participants in each inter-
vention arm. The small sample size for OPG and LGG re-
flects that patients will be difficult to recruit due to the 
rarity of the manifestation (LGG) and/or the defined eli-
gibility criteria for that manifestation. The default sample 
size is 20 participants in study arms corresponding to ves-
tibular schwannoma in NF2-related schwannomatosis, 
meningioma in NF2-related schwannomatosis, and ra-
diologic progressive nonvestibular schwannoma. For 
ependymoma in NF2-related schwannomatosis and the 
static, pain causing nonvestibular schwannoma in non-
NF2-related schwannomatosis, the default sample size is 
10 participants. The default sample size may be changed 
depending upon the needs related to the different investi-
gational agents in the different manifestations.

Discussion

Following the principles of the INTUITT-NF2 trial and plat-
form trials in general, we developed 2 platform-basket 
trials: 1 for NF1 and 1 for NF2-related and non-NF2-related 
schwannomatosis. The trials follow the same structure and 
principles and consist of an observational and a treatment 
period. The observational period will provide longitudinal 
natural history data, which aims to generate reference data 
for the treatment arms. Different layers of eligibility criteria 
for both the observational and the treatment period are de-
fined separately for each manifestation, making the trial 
design flexible and adaptable to highly variable disorders 
like NF. Randomization to a sequence of available interven-
tions allows for the addition of interventions during the 
trial. If a drug does not meet the predetermined efficacy 
endpoint or reveals unacceptable toxicities, participants 
may re-enter the observational phase or be re-randomized 
to a different treatment arm, if eligible.

A key success factor for the design of these platform-
basket studies was the use of the 4 decision points. This 
simplification of decision-making for individual patients al-
lowed us to write the manifestation-specific sub-sections 
in an efficient manner. By keeping a common structure 
across all manifestations, we maximized consistency, 

which also allows investigators to readily add new mani-
festations and treatment indications to the protocol.

Several core assumptions and pre-established limita-
tions shaped the design of the EU-PEARL-NF trials. The 
trials had to be designed in a drug-agnostic fashion. As 
no investigational agents had been selected at the time of 
protocol development, the trial design had to be adaptable 
to all types of systemic and topical investigational agents. 
Additionally, given the varying treatment needs throughout 
the lifetime of a patient, the study had to allow participants 
to enrol sequentially for multiple manifestations into the 
trial. Another key premise of the EU-PEARL-NF trials is 
to neither include a placebo nor an active control group. 
This is in line with other successful trials in NF, such as 
the SPRINT-trial,30 the NF10431 and NF10532 trials, and the 
INTUITT-NF2 platform trial.26,33 Since the patients that are 
eligible for the designed trials suffer from more severe 
forms of the included disease manifestations, it is less pref-
erable to randomize them to a placebo group. The use of an 
active control group, such as a standard of care in combi-
nation with a placebo, is also not applicable to this trial. 
The current treatment options for several NF-associated 
tumors tend to be limited, and the standard of care varies 
significantly between participating countries and centers. 
In addition, there is variable data available on the effect of 
standard of care, a gap that may be partly addressed by the 
data from the observational period of the presented trial. 
Due to the lack of an active control group and the associ-
ated risk of bias, the results of trials with the presented de-
sign will be considered less robust compared to the results 
of randomized controlled trials. Since there will be a danger 
of overestimating the efficacy of investigational agents,34 
mitigation measures must be taken, such as the choice of 
objective study endpoints, the inclusion of a larger sample 
size where possible, and applying a more stringent sig-
nificance level. To avoid erroneous conclusions regarding 
the efficacy of new treatments, we stress the importance 
of phase III confirmation for the investigational agents that 
show promise in the EU-PEARL-NF proof-of-concept trials.

Benefits of the Observational Period

The embedded observational period and natural history 
study of the presented trial design come with various ad-
vantages. Most importantly, it will provide data on the 
natural course of the included disease manifestations. 
The limited and less frequent data collection will limit 
the utility of the observational period to a certain degree, 
but the data may be used to decide upon the desired re-
sponse rates in the treatment arms. Moreover, as this de-
sign anticipates on changing treatment needs over time, 
patients will be allowed to enter the observational period 
for multiple manifestations as they develop. This method 
will yield more data from a single patient, enabling a more 
efficient assessment of the effectiveness of investigational 
agents in various manifestations of NF. In addition, the ob-
servational period could provide opportunities to develop 
and validate outcome measures in NF. The tumor-related 
symptoms in patients with NF vary strongly between in-
dividuals, and a decrease in tumor size does not always 
lead to clinical improvement. At this time there is a lack of 
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endpoints specifically designed for NF, and the few existing 
NF-specific PROMs, for example, the INF1-QOL question-
naire for NF1,35 are often not validated in multiple lan-
guages. This restricts the use of NF-PROMs in international 
trials and was a significant impediment when selecting 
PROMs for the EU-PEARL-NF trial. Through standardized 
data collection, the integrated LNHS of the EU-PEARL-NF 
trials could provide a platform to collect data on new out-
come measures in multiple European countries, facilitating 
the validation process.

Benefits of this Trial Design to the Main 
Stakeholders

The presented platform trial design will provide numerous 
benefits to its main stakeholders. For investigators and 
IMP owners, a considerable benefit is the reduced start-up 
times for new investigational agents. Since new drugs are 
added as an extension to the protocol, and do not require 
the setup of a whole new trial, the time from drug dis-
covery to clinical trial is shortened significantly.14,23–25 As 
data can be collected for multiple manifestations in the ob-
servational period, this may provide additional insight into 
drug effects across manifestations. Investigational prod-
ucts are assessed for efficacy in a more efficient manner 
and may progress to the next stage of drug development 
more rapidly.24,36

Through its innovative design and the use of the deci-
sion types and manifestation-specific sub-sections, it will 
be relatively easy to add new manifestations and treat-
ment indications to the protocol as new investigational 
agents become available. This is essential for a variable 
condition like NF, which presents a wide variety of dis-
ease manifestations. Another benefit is that investigators, 
sponsors, and IMP owners will have access to an already 
existing and operating trial infrastructure. This advantage 
could be especially relevant for trials in NF and other rare 
diseases. For rare diseases, it is peculiarly difficult and 
time- consuming to set up the infrastructure for a multi-
center trial, especially when it comes to the identification 
of sites and investigators. In platform trials, an existing 
network of experienced sites and investigators can be util-
ized to roll out new treatment arms. For IMP owners and 
sponsors, the platform trial framework offers an opportu-
nity to reduce the operational costs and time of evaluating 
investigational agents.24,36

Platform trials also offer improved screening processes 
when compared to traditional clinical trials. Since all pa-
tients are regularly screened in a standardized manner 
(both for eligibility for multiple manifestations, as well as 
eligibility for more than one treatment arm), the screening 
and enrollment process will be more streamlined. This 
will likely result in a higher quality screening with less 
screening failures and shorter times to enrolment.25 In ad-
dition, the observational arm will include a pool of patients 
who need treatment. Patients who require treatment, but 
who were not eligible for previous investigational agents, 
can be re-screened as soon as new investigational agents 
become available. This approach should help to further 
speed up the recruitment for the different treatment arms. 
Lastly, the standardized screening in the observational 

period will provide a reliable estimate of the number of 
possibly eligible patients. This information could be espe-
cially valuable to IMP owners when they are considering 
the addition of a new treatment arm.

Patients with NF will also benefit from participating in 
the EU-PEARL-NF trials. Beyond getting access to an inves-
tigational treatment like in a standard clinical study, par-
ticipants are offered the option to re-enrol in a different 
treatment arm after completing a previous investigational 
intervention. In addition, participants will be able to se-
quentially receive treatment for more than one manifes-
tation in the same trial. This provides participants with the 
opportunity to receive investigational agents more rapidly 
than they would in individual studies for separate mani-
festations. Interim analyses allow for the early stopping of 
treatment arms due to futility, followed by a re-direction 
of the assignment of participants to more promising inter-
ventions. This could increase the likelihood for participants 
to receive a potentially effective treatment. The screening 
process will also be favourable to patients. Because pa-
tients are screened for all available investigational agents 
simultaneously, there is no possibility to skip a screening 
opportunity, as could be the case when conducting inde-
pendent trials for each agent, resulting in more opportun-
ities to be enrolled.25

Limitations of This Trial Design

Along with the many benefits of platform and platform-
basket trials, considerable drawbacks to these study de-
signs must also be considered. Primarily, these study types 
require a large up-front effort and investment to build the 
platform and infrastructure for the trial.14 It may be difficult 
to reach a consensus regarding trial design, operations, 
and governance with the large number of parties involved. 
More and larger sources of financial support are needed 
to start these projects and to ensure the sustainability of 
the trial. To develop and maintain a network of clinical sites 
to run the trial also requires considerable effort, involving 
problems with, for example, the eligibility of sites, logis-
tics, sponsorship, the coordination of various research 
boards, regulatory approval, and available research infra-
structure.36,37 As the initiation and implementation of the 
trial will be more complex than standard clinical trials, cen-
ters might be hesitant to join the platform. To patients, the 
EU-PEARL-NF trials can appear complex and intimidating, 
due to their complicated design. The observational period 
can discourage patients from participating, because they 
may believe that they will not receive an investigational 
agent in the trial in a timely manner. Although results from 
performed patient and public engagement activities indi-
cated that the EU-PEARL-NF trial design was appealing and 
clear to patients,38 special attention must be given to fully 
inform patients about the setup of innovative trial designs. 
Lastly, if well-designed, platform trials may run for long 
periods of time, and this could mean that changes in the 
standard of care may require modifications to the general 
trial design and the master protocol.25

Despite the described challenges, there is ample proof 
that platform trials work and that they are attractive 
to participating partners.14 This highlights the need to 
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implement this trial design in rare diseases, where it’s es-
sential to develop innovative trial designs that accelerate 
the ability to efficiently assess investigational agents.

Conclusion and Future Directions

This platform-basket trial design solves some of the chal-
lenges that are encountered in clinical trials for NF. It al-
lows for optimal learning from a small number of patients 
with variable disease manifestations. The goal is to identify 
beneficial treatments for NF more rapidly and at a lower 
cost than traditional, single-agent clinical trials by opti-
mizing patient inclusion and invigorating international 
collaborations. This trial design offers benefits to various 
stakeholders, including patients and IMP owners. The next 
steps will be the identification of promising investigational 
agents and the implementation of the trial and the associ-
ated trial framework.
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