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ABSTRACT: Background and objectives: Neurofibromatosis type 1 (NF1) is a genetic disorder. Up to 50% of NF1 patients develop plexiform
neurofibromas (PN). Despite revisions in diagnostic standards, there remains a lack of consensus on referral, treatment, monitoring and
transition processes for NF1-PN. The study aimed to establish a Canada-wide consensus on the best practice for referral and management of
patients with NF1-PN to help generate guidance where evidence on the long-term use of MEK inhibitors is lacking. Methods: The study used a
modified Delphi method. The steering committee (SC) identified 4 topics of focus and developed 44 consensus statements. Following
ratification, 43 statements were developed into an online survey sent to 113 healthcare practitioners (HCPs) involved in NF1-PN management
across Canada. Respondents used a 4-point Likert scale to indicate agreement with each statement. The threshold for consensus agreement was
75%. Results: A total of 56 responses were received, predominantly from Ontario. Most respondents were neuro-oncologists (34%) and had
over 11 years of experience (57%). Consensus was reached on 41 of 43 statements (95%), enabling the SC to develop recommendations for
NF1-PN patient care and a treatment algorithm outlining key timings for treatment and management. Conclusions: To our knowledge, this is
the first national Delphi consensus on NF1-PN. Strong agreement was seen from HCPs on critical timings in NF1-PN treatment and
management. The proposed recommendations and treatment algorithm provide a framework to enhance patient care and support ongoing
research into optimizing care for NF1-PN patients, not just in Canada but globally.

RESUME: Consensus national basé sur la méthode Delphi modifiée portant sur ’orientation et la prise en charge des personnes atteintes
de neurofibromatose de type 1 et de neurofibromes plexiformes. Contexte et objectifs : La neurofibromatose de type 1 (NF1) constitue une
maladie génétique. Jusqu'a 50 % des patients atteints de NF1 développent des neurofibromes plexiformes (NP). Malgré la révision des normes
diagnostiques, il n’existe toujours pas de consensus au sujet des processus d’orientation, de traitement, de surveillance et de transition pour les
NP liés a la NF1. La présente étude vise a établir un consensus a I'échelle du Canada quant aux meilleures pratiques en matiére d’orientation et
de prise en charge des patients atteints de NP liés a la NF1, et ce, afin de contribuer a I'élaboration de lignes directrices en I'absence de données
probantes sur 'utilisation a long terme des inhibiteurs d’enzymes MEK. Méthodes : L’étude a utilisé la méthode Delphi modifiée. Le comité
directeur (CD) a identifié quatre thémes prioritaires et élaboré 44 déclarations consensuelles. Apres ratification, 43 déclarations ont été
intégrées a un sondage en ligne envoyé a 113 professionnels de la santé (PS) impliqués dans la prise en charge de la NF1 et des NP partout au
Canada. Les répondants ont utilisé une échelle de Likert & quatre points pour indiquer leur accord avec chaque déclaration. Le seuil de
consensus était fixé a 75 %. Résultats : Au total, 56 réponses ont été recues, principalement de 'Ontario. La plupart des répondants étaient des
neuro-oncologues (34 %) et avaient plus de 11 ans d’expérience (57 %). Un consensus a été atteint pour 41 des 43 déclarations (95 %), ce qui a
permis au CD d’élaborer des recommandations en ce qui regarde les soins destinés aux patients atteints de NF1 et de NP ainsi qu'un algorithme
de traitement décrivant les moments clés d’un traitement et d’une prise en charge. Conclusions : A notre connaissance, il s’agit du premier
consensus national basé sur la méthode Delphi qui porte sur la NF1 et les NP. Les PS se sont montrés largement d’accord sur les moments
critiques de traitement et de prise en charge dela NF1 et des NP. Les recommandations et 'algorithme de traitement proposés fournissent ainsi
un cadre permettant d’améliorer les soins destinés aux patients et de soutenir la recherche en cours visant a optimiser ces mémes soins, non
seulement au Canada mais aussi dans le monde entier.
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Highlights

« The diagnosis of neurofibromatosis type 1 (NF1) with plexiform
neurofibromas (PN) is complex, and treatment options are limited.

« This study presents the first national consensus on the management of
NF1-PN.

« A framework for the optimal diagnosis, referral and management of
patients with NF1-PN, including a proposed care pathway, is outlined.

Introduction

Neurofibromatosis type 1 (NF1) is a genetic disorder,! resulting in
tumor growth that can affect any body system.2 NF1 has a variable
global prevalence of between 1 in 3000-6000 and is associated with
decreased quality of life and life expectancy.** Up to 50% of patients
will develop plexiform neurofibromas (PN).> These tumors cause
disfigurement and pain, among other symptoms.>® PN manifest in
early childhood and grow most rapidly in children under 5 years of
age. In approximately 8%-13% of patients, PN can transform into
malignant tumors associated with a high mortality rate.”

In 2021, the diagnostic criteria for NF1 were revised. Individuals
who do not have a parent diagnosed with NF1 must have two or
more characteristics of NF1 (café au lait macules [CALMs],
freckling in the axillary or inguinal region, >2 neurofibromas or
one PN, optic pathway glioma, >2 Lisch nodules or > choroidal
abnormalities, a distinctive osseous lesion or a heterozygous
pathogenic NF1 variant).® In individuals who have parents with
diagnosed NF1, a diagnosis is warranted if one or more of the
previous characteristics are present.! There are multiple PN
classification systems based on histopathologic, clinical and
imaging findings;” however, there is no universal PN definition.

Treatment options for NF1-PN are limited.? Surgery may be
considered for superficial PN where the risk of morbidity is low.
However, tumors are often ill defined and invasive, leading to
partial resection and regrowth.'®'! Targeted therapies, such as
mitogen-activated protein kinase kinase inhibitors (MEKi), have
shown promise and are now approved for pediatric patients.!>!?
MEKi are approved for adult and pediatric use.!*!> They have
demonstrated efficacy and safety in pediatric patients, but data on
long-term use is limited.>'® With the introduction of MEKi into
the routine management of NF1-PN, there is now a critical need
for guidelines and consensus on managing patients to help bridge
the gap in clinical practice until more long-term evidence on their
treatment utility is generated.

Monitoring post-diagnosis is required to track disease
progression. The use of whole-body MRI to assess tumor load,
followed by tailored regional MRI monitoring, has been
suggested.!” Volumetric MRI analysis has been used within
clinical trials'®! but is not widespread and presents challenges
(high costs, long imaging durations and limited accessibility).
Efforts to monitor NF1-PN are complicated by pediatric patients
transitioning into adult care, often being lost to follow-up.?’ There
is a lack of guidance regarding monitoring in adolescents and
adults, with few centers having transition of care protocols.?*? The
duration between follow-up assessments in NF1-PN is based on
age and disease-specific factors,”® and no data or consensus exists
on the appropriate monitoring intervals. Research has found
considerable variation in practice.” Monitoring focuses on the
development/progression of clinical features, rather than tumor
growth, as these typically influence clinical decision-making. 2%

The objective of this study was to establish a Canadian
consensus on best practice for referral and management of NF1-
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PN. There are many nuances to the Canadian healthcare system, so
statements were designed to be agnostic of health insurance plans
to ensure the resulting recommendations would be applicable
nationally. A modified Delphi method was chosen to gain
consensus using a recognized process.’®*” An alternative Delphi
method was used previously to revise the international diagnostic
criteria for NF1 and Legius syndrome.®

Methods

The process followed a modified Delphi methodology (Figure 1),
guided by an independent facilitator (Triducive Partners Limited).
The study protocol was not registered. All information is reported
in line with ACCORD guidelines.

In March 2024, a literature review on NF1-PN was performed.
The search was conducted using publicly available resources, such
as PubMed. The search encompassed material published within
the last 10 years. Search terms included but were not limited to
“diagnosis of NF1-PN” and “monitoring of NF1-PN.” Information
gathered was used to develop the scope of the research and define
questions for the initial steering committee (SC) meeting.

An SC of Canadian clinicians (three pediatric neuro-oncolo-
gists) convened in May 2024. SC members were selected due to
their close involvement with managing pediatric NF1-PN patients,
research background and clinical experience. Pediatric neuro-
oncologists were selected, as they represent the main specialty
involved in managing NF1-PN in Canada. The SC met online to
discuss the challenges in diagnosing and treating NF1-PN and
agreed upon four domains of focus:

NF1-PN diagnosis, monitoring and referral
Treatment selection and initiation
Continuing management of NF1-PN
Transitioning from pediatric to adult care

Ll S

These were discussed, and 44 draft consensus statements were
generated and then collated by the facilitator. Following the
meeting, the SC independently rated the statements as either
“accept,” “remove” or “reword.” Feedback during this stage was
qualitative, as per standard Delphi methodology.?® The SC could
also suggest new statements. The facilitator actioned the required
changes. The final list was independently ratified by the SC.

The finalized 43 statements were developed into a Likert survey
and distributed by the SC to a list of 113 potential respondents. To
be included, respondents had to be a Canadian healthcare
practitioner (HCP) working in a relevant role (e.g., neuro-
oncologist, oncologist, pediatrician or geneticist) and must treat/
manage >1 patient per year with NF1-PN. The survey primarily
targeted pediatric NF1 specialists due to the lower number of adult
specialists. Stopping criteria were established a priori as a 2-month
survey window, a target of 50 responses and 90% of statements
passing consensus threshold (set at 75%). A minimum of
50 responses was chosen due to the rarity of the disease. The survey
was qualitative only, as per standard Delphi surveys.?®

All responses were captured using Microsoft Forms. A
statement of consent was included at the start, and consent was
implied by response submission. No incentives were provided.
Anonymity was planned in the study design, and the identity of
respondents was unknown. No personal information or protected
characteristics were recorded. Demographic data (role, years in
role, number of patients treated per year and province) were
captured for sub-analyses. As this study only collected the
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Figure 1. Modified Delphi study design. NF1-PN = neurofibromatosis type 1 plexiform neurofibromas.

anonymous opinions of healthcare professionals and no patient-
specific data was captured, ethical approval was not sought.
Completed surveys were analyzed to produce an arithmetic
agreement score for each statement. The results were reviewed by
the SC at a second meeting in October 2024. The results were
discussed, and it was assessed if the stopping criteria had been
fulfilled. Following this, key statements from those with the highest
agreement were selected by the SC, and recommendations were
drafted. These were then independently ratified by the SC.

Results

Of the draft 44 statements, 2 were removed, 11 were modified,
1 new statement was added and 32 were agreed for inclusion
without modification, leading to a finalized set of 43 statements.

Responses were received from a total of 56 HCPs (response rate
48%). Respondents were diverse but predominantly neuro-
oncologists (n = 19, 34%) (Supplementary Figure 1). Respondents
generally had 11+ years of experience in role (1 = 32, 57%) but were
varied in the number of patients managed per year (Supplementary
Figures 2-3). Responses were received from seven provinces,
primarily Ontario (n = 27, 63%) (Supplementary Figure 4).

Survey results showed very strong agreement (>90%) in 37
(86%) statements, strong agreement (<90% and >75%) in 4 (9%)
statements and failure to achieve consensus agreement threshold
in 2 (5%) statements (Figure 2, Table 1). Distribution of consensus
across the 4-point Likert scale is represented in Supplementary
Figure 5. As the stopping criteria were satisfied, no additional
testing rounds were conducted.

Sub-analyses were conducted to explore the consensus by role,
years in role, province and number of NF1 patients managed per
year. Results were analyzed for variation in responses greater than
+10% from the mean agreement or with at least one role not
achieving the threshold of >75%. The results from these analyses
are presented in Supplementary Tables 1-4.

Discussion

This work represents the first national cross-specialty consensus
on NF1-PN and, to our knowledge, the first consensus to establish
guidelines for patient management. A clear consensus was

achieved, with high concordance rates. As the statements were
designed to be insurance and healthcare system agnostic, there is
scope for the recommendations developed to provide the
foundation for a global framework for managing patients with
NF1-PN.

Topic A. NF1-PN diagnosis, monitoring and referral

Responses showed an understanding of the burden presented by
NF1. Clinicians overwhelmingly supported the need for early
identification and intervention (Statements (S) 1-3, 100%).
Responses showed there is a need to ensure that patients are
treated by experienced specialists (54, 98%; S5, 91%; S8, 96%; S9,
98%). Any treatment for NF1 should involve multidisciplinary
collaboration (S14, 100%).

Sub-analyses indicated strong agreement between roles.
Pediatricians typically showed lower agreement. However, only
five pediatricians responded to the survey, and their opinions may
not be representative of the wider pediatrician community.
Disagreement centered on referral to specialist care and could
relate to a reticence for referring suspected/asymptomatic cases of
NF1-PN. Timely referral of patients who may have NF1-PN is
imperative to ensure they are diagnosed and that surveillance and/
or treatment are initiated promptly.*® This is crucial in younger
patients, in whom PN grow rapidly,’ and for patients in whom PN
may imminently cause symptoms or compression of critical
structures.

There was a dichotomy in the responses to S7 and SII.
Agreement with S7 (91%; children presenting with CALMs
should be referred to a specialist experienced in diagnosing NF1-
PN) showed much higher agreement than S11 (77%; referrals of
patients with asymptomatic PN should occur within 3 months).
Disagreement was driven by low agreement from pediatricians
and neurologists; it was unclear whether disagreement was
because the stated 3-month timeframe was too long or too short.
Disagreement could reflect clinic waiting lists, and if a 5-month
timeframe had been suggested, agreement may have been higher.
When analyzed by experience, those with <5 years in role were
more polarized, showing 73% agreement with S7 and 91%
agreement with SI11.
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Table 1. Defined consensus statements and corresponding levels of agreement. Paired statements are outlined in bold; these are statements designed with
standardized wording to compare agreement rates with alternative timeframes for treatment and monitoring

No. Statement Agreement

Topic A. PN diagnosis, monitoring and referral

1.  Patients with NF1 have unique healthcare needs that require specialized management, irrespective of age 100%

2.  Prompt referral to healthcare providers with expertise in NF1 ensures thorough evaluation, accurate diagnosis and optimal 100%
management of NF1-PN

3.  Any suspected NF1 cases should be evaluated by a specialist before the age of 2 to facilitate early intervention and comprehensive care 100%
planning

4.  Patients referred with suspected NF1 should be seen by a specialist within 6 months 98%

5.  Patients with NF1 should be assessed and followed by a specialist with knowledge of NF1 at least annually 91%

6.  Patients with NF1 should see an ophthalmologist at least annually up until the age of 7 96%

7.  Children presenting with café au lait spots should be referred to a specialist experienced in diagnosing NF1-PN 91%

8. Al NF1 patients with suspected PN should be referred to a specialist knowledgeable about NF1 patient management 96%
(e.g., @ neuro-oncologist)

9.  All NF1 patients with diagnosed PN that may warrant future intervention should be referred as soon as possible to a specialist with a 98%
knowledge of available treatment options (e.g., neuro-oncologist)

10. Timely diagnosis of NF1-PN enables early intervention strategies aimed at minimizing symptom progression, improving quality of life 98%
and preventing potential complications such as functional impairment or neuropathic pain

11. Referrals of patients with asymptomatic PN should occur within 3 months T7%

12. Referrals of patients with symptomatic PN should occur within 1 month 96%

13. There should be an NF1 clinic in every major treatment center 91%

14. Collaboration between members of a multidisciplinary team (including neuro-oncologists, neurologists, geneticists, dermatologists and 100%

other specialists) is essential for accurate diagnosis and management

Topic B. Treatment selection and initiation

15. Treatment should aim for disease stabilization and clinical improvement (e.g., pain alleviation) 100%
16. Asymptomatic patients with potential/impending clinical consequences should be considered for treatment 93%
17. Patients who are symptomatic (e.g., functional deficit, pain, cosmetic issues) should be offered MEK inhibitors 100%
18. Every child who needs treatment for PN should have access to MEK inhibitors as a first-line intervention 98%
19. MEK inhibitors should be initiated by a physician experienced in the diagnosis and treatment of patients with NF1-related tumors 100%
20. Early intervention is crucial for young children with PN lesions in critical areas that have a high likelihood of causing issues like optic, 100%
pharyngeal or spinal regions
21. Treatment with MEK inhibitors should be for at least 12 months and then reassessed for benefit 84%
22. Treatment with MEK inhibitors should be for at least 18 months and then reassessed for benefit 70%
23. Treatment should be continued until after puberty when tumor growth has slowed and then reassessed for benefit 7%
24. Surgery could be considered for PN that can be completely removed without significant morbidity 95%
Topic C. Continuing management of PN
25. Regular monitoring of PN every 6 months is essential to track disease progression and evaluate treatment effectiveness 91%
26. Regular monitoring of PN every 12 months is essential to track disease progression and evaluate treatment effectiveness 73%
27. Patients receiving MEK inhibitors should undergo regular monitoring for potential toxicity 100%
28. As a minimum, patients on MEK inhibitors should be seen monthly for the first 3 months of treatment and then every 3 months 91%
thereafter
29. As a minimum, patients on MEK inhibitors should have bloodwork undertaken monthly for the first 6 months of treatment and then 93%
every 3 months thereafter
30. After 18 months on treatment, clinicians could consider a treatment break/drug holiday if no significant morbidity is expected 88%
31. |Ideally, the evolution of PN should be monitored using volumetric MRI 95%
32. Volumetric MRI assessments are more accurate than single-plane measurements for tracking PN progress 96%
33. Patient and parental education regarding NF1 and treatment options empowers informed decision-making and promotes treatment 100%
adherence
34. Patients and their parents should be educated about their disease and treatment options so they can identify signs and symptoms of 100%

adverse events

(Continued)
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Table 1. Defined consensus statements and corresponding levels of agreement. Paired statements are outlined in bold; these are statements designed with
standardized wording to compare agreement rates with alternative timeframes for treatment and monitoring (Continued )

No. Statement Agreement
35. New or rapidly growing PN and the onset of new pain should prompt evaluation for potential malignant transformation 100%
Topic D. Transitioning from pediatric to adult care

36. Pediatric patients with NF1-PN should have access to dedicated adult care from the age of 18 onward 100%
37. Transition planning for adult care should commence during adolescence or earlier to ensure smooth transition 98%
38. Transition planning should facilitate connection with relevant adult NF1 specialists to maintain continuity of care 100%
39. Efforts should be made to ensure continuity of care during the transition period 100%
40. Seamless continuation of comprehensive and coordinated multidisciplinary care is essential for patients transitioning to adult care 98%
41. Patients who need ongoing treatment with MEK inhibitors should have continued access going into adulthood 100%
42. There is a need to better understand plexiform evolution into adulthood 100%
43. Transition programs should incorporate patient and family education on the unique challenges and considerations associated with 100%

NF1-PN in adulthood

PN = plexiform neurofibromas; NF1 = neurofibromatosis type 1.
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Figure 2. Consensus agreement levels by statement. The threshold for consensus is depicted by the orange line (75%). The blue line signifies the threshold for very strong

agreement (90%). PN = plexiform neurofibromas.

Discrepancies in agreement with S7 and S11 could have been
due to the inclusion of PN within the statements. This could
highlight the need for clinicians to pay greater attention to skin
examination when considering referral. The presence of CALMs
should indicate that NF1 may be present and warrants specialist
investigation.®?>3! It is hoped that raising awareness of NF1 and
PN, the importance of close monitoring and intervention before
functional deficit and the contradiction in these results will
increase the impetus to refer patients who have suspected NF1 or
asymptomatic PN.

Topic B. Treatment selection and initiation

MEK inhibitors are the primary treatment for NF1-PN if the PN
cannot be removed through surgery (S17, 100%; S24, 95%). There

was clear agreement that care must be delivered by experienced
practitioners (S19, 100%). Having a multidisciplinary team of
practitioners experienced in managing NF1, using MEKi and
monitoring PN growth is essential.%**3* Experienced practitioners
can provide tailored care for patients and greater levels of
assistance in managing symptoms and adverse events. These
results further emphasize the need for timely referral.
Discrepancies were observed regarding the reassessment of
treatment with MEK inhibitors. Survey respondents agreed that all
patients with symptomatic PN or with potential/impending
clinical consequences should be offered MEKi as a first-line
treatment (S18, 98%). However, 84% felt that treatment should be
continued for at least 12 months and then reassessed for clinical
benefit and whether to continue MEKi treatment (S21), compared
to 70% agreeing that treatment should be continued for at least
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18 months and then reassessed (S22). Non-neurologists showed
higher agreement with S21, while neurologists favored the
18-month timeframe. These statements highlight the point at
which patients need to be reassessed for clinical benefit, rather than
the total treatment duration. Therefore, S21 was preferred as many
respondents wish to reassess their patients earlier. Reassessment
should be done carefully. Research shows a wide range of initial
response to MEKi, with a gradual response to treatment in which
the bar of >20% volume reduction to achieve partial response may
only be achieved after 12 months.** Furthermore, many patients
will likely need to be treated for much longer periods to maintain
treatment benefits. >3

Regarding the overall treatment duration, 77% felt it should
continue until after puberty when tumor growth has slowed (523).
Nurses showed the lowest agreement (40%), followed by oncologists
(67%), while other roles showed >80% agreement. It could be that as
nurses are more patient-facing, they are more aware of potential side
effects, leading them to perceive the treatment timeframe as too
long, depending on when treatment is started (in childhood or
during puberty). However, the statement did not provide a clear
overall timeframe for when treatment would begin, stating only that
it would continue “until after puberty.”

Overall, while it is generally believed that treatment should
continue until the patient has finished growing, it is acknowledged
that the appropriate duration of treatment with MEKi varies by
patient. Care is complex, and PN will grow proportionally to the
rate of the patient.”!** Optimal treatment timeframes should be
based on age, lesion location, disease burden and patient factors
(e.g., preference, comorbidities, etc.).”!>?* There is also a need to
generate evidence evaluating the efficacy of treatment timeframes
extending beyond puberty, considering the total duration of
treatment in years.

Topic C. Continuing management of NF1-PN

Regular monitoring is critical for patients with NF1-PN to track
disease progression and to monitor treatment response and drug
toxicity. Regular assessment is especially important in younger
patients, who generally see faster PN growth.”!*** HCPs acknowl-
edge patients should be monitored for progression every 6 months
after diagnosis (525, 91%), with more regular monitoring for
toxicity (every month for the first 3 months and every 3 months
thereafter) (S27, 100%; S28, 91%; S29, 93%). More frequent
assessments should be considered when vital structures are at risk.
These timings form the core of the treatment recommendations
outlined below.

Respondents agree that the use of volumetric MRI provides the
most accurate way to measure PN growth (532, 96%), as supported
within the literature.’"'* However, there are discrepancies in the
way that lesions are reported by HCPs and in the availability of
volumetric MRI. Volumetric MRI is typically used in clinical trials
but is often not available in routine clinical practice, and clinicians
often rely on 1D/2D scans to assess tumors.”!* In most regions in
Canada, there is no access to volumetric MRI, and more holistic
evaluation of patients, including clinical analysis of symptoms, is
used to track disease evolution. Given the level of support for using
volumetric MRI, efforts will need to be undertaken to ensure
improved access. This should include research to make the
volumetric MRI analysis more practical. Given the time constraints
faced by HCPs, it would be useful to explore artificial intelligence to
speed up the process for calculating PN volume.

The Canadian Journal of Neurological Sciences

The necessity of treatment breaks was explored. Overall, 88%
of respondents thought treatment breaks could be explored after
18 months of therapy (530). This was supported very strongly by
oncologists (100%) and neuro-oncologists (95%) but not by
nurses (60%). All other roles achieved 80% agreement. The
concept of treatment breaks for patients with NF1-PN on MEKi is
arelatively novel concept, largely confined to discussions between
specialists, hence higher levels of agreement from neuro-
oncologists. It was again believed that as nurses are more
patient-facing, they are more cognizant of the side effects, which
often re-emerge upon ceasing therapy. The necessity of treatment
breaks is something that will need to be assessed on a case-by-case
basis.**7 If patients do cease treatment, assessments should still
be undertaken to track tumor growth and symptoms. It is
anticipated that patients who discontinue treatment may
eventually need to return for further rounds of therapy.’”®
Given the historic lack of effective treatments for NF1-PN, and
the paucity of long-term research, further studies will need to be
conducted to assess the viability of treatment breaks and their
impact on patient outcomes.

Topic D. Transitioning from pediatric to adult care

The transition from pediatric to adult care for patients with NF1 is
a critical time. Respondents were unanimous in their agreement
that patients with NF1-PN should have access to dedicated adult
care from the age of 18 onward and that there must be transition
planning in place to ensure continuity of care (536, 100%; S38,
100%; S39, 100%). Unlike pediatric NF1 care, adult NF1 care is
lacking in many parts of Canada. There are very few adult NF1
specialists and clinics, and many areas do not have the resources
available for clinics. There is currently a pressing unmet need to
address this gap in care, not just in Canada but globally.??

While the development of clinics may be a long-term goal,
short-term goals are required to provide immediate care for
current patients. There is a requirement for more research to be
undertaken in adult NF1 patients to fully understand optimal care
for these patients. It is suggested that clinicians develop care
networks to help bridge service gaps, with neuro-oncology acting
at the center. This will help to build capacity while work is
undertaken to better understand NF1 disease progression. Once
programs/networks are developed, their success may be assessed,
with a view to replicate them and extend patient care.

Recommendations

Based on the consensus achieved, the SC developed a series of
recommendations:

1. All patients with suspected NF1 or PN must be referred to an
NF1 specialist for a confirmatory diagnosis and evaluation to
help facilitate early intervention and comprehensive care
planning.

2. All patients with NF1 and PN who are symptomatic should be
offered MEKij, the initiation and monitoring of which should be
overseen by a physician experienced in treating NF1-related
tumors.

3. Treatment with MEKi should be for at least 12 months,
overseen by experienced physicians, before reassessing for
patient response.

4. More research needs to be undertaken to establish the benefit of
continuing treatment with MEKi until after puberty.
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Figure 3. A proposed algorithm for the diagnosis, treatment and management of patients with NF1 and NF1-PN. NF1 = neurofibromatosis type 1; PN = plexiform neurofibromas;

AEs = adverse events.

5. Patients who receive MEKi must undergo regular monitoring
for response and potential toxicity.

6. Patients and their parents/carers should be educated on NF1
and the treatment options, including the signs and symptoms of
adverse events.

7. Patients receiving MEKi should be able to receive ongoing
access to treatment into adulthood.

8. Research needs to be undertaken to explore how NFI1-PN
evolves into adulthood and to assess the best approach to care
for this population, including:

o Short-term measures to ensure current patients receive
appropriate care in line with current resources.

« Long-term measures to raise disease awareness and develop
clinician networks to improve the continuity of care when
patients transition and to increase capacity in adult NF1 care.

Aspects of these recommendations can be integrated by
following the proposed treatment algorithm (Figure 3). These
recommendations, and the resultant treatment algorithm, are in
line with current international thinking,®® while providing further
guidance on management practices.

Strengths and limitations

This study had a good response rate (48%) and very high levels of
agreement. While there was a bias toward neuro-oncology, there
was representation across roles, and respondents had high levels of
experience. The study utilized paired statements to allow for a
more precise understanding of HCP thoughts regarding the
timings of care. Additional research could be undertaken to
explore areas of contention with further paired statements.

The structure of the Delphi statements that were developed could
be biased due to the practices of the SC. However, high levels of
agreement would suggest that other Canadian clinicians agree with
this approach. The agreement levels could indicate that the
statements were too agreeable and that the respondent group was
biased. However, these HCPs were chosen as they are directly
involved in NF1 management. Reaching out to HCPs who do not
treat this disease would have lessened the impact and validity of the
results. The 4-point Likert scale was chosen to avoid middle option
bias, but it could have reduced the nuance in the results. While the
survey was predominantly aimed at establishing a care pathway for
pediatric NF1, it did touch on the transition of care for patients.
However, the respondents were predominantly pediatric specialists;
therefore, future work should explore the transition of care from the
perspective of adult specialists. Representation across provinces was
skewed but thought to reflect the number of specialists in these
regions. Low responses from certain provinces reduced the
reliability of geographic comparisons, and the cause of certain
trends was unclear. While it is standard for Delphi surveys to be
quantitative, it would be useful in future research to allow for
qualitative feedback. Furthermore, due to the rarity of the disease,
additional questions to explore the levels of experience of
practitioners assessing NF1-PN and using MEKi could help to
strengthen the basis of future consensus work.

Conclusion

This study was able to achieve strong agreement from a national
panel of 56 HCPs currently involved in the management of NF1-
PN for all but 2 of the 43 statements. These results were used to
generate recommendations that help to broaden the consensus on

Downloaded from https://www.cambridge.org/core. IP address: 216.73.216.41, on 18 Dec 2025 at 13:41:57, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms.
https://doi.org/10.1017/cjn.2025.10409


https://doi.org/10.1017/cjn.2025.10409
https://www.cambridge.org/core
https://www.cambridge.org/core/terms

approaches to management of NF1-PN, not just nationally in
Canada but globally. The results of the consensus are in line with
those from international experts, which validates the consensus
findings beyond Canada and enforces how its results may
contribute to developing international clinical practice. There is
clearly an understanding of patient needs, but there are highlighted
educational gaps that need addressing. The results show very strong
levels of agreement regarding key timings for treatment and
management. These have been used to develop a series of actionable
recommendations and a treatment algorithm. This Delphi exercise
forms a framework for the construction of future guidelines
informing the management of this vulnerable and evolving patient
population. Future research using cross-national panels of
clinicians and further exploring the utility of surgery in the era
of MEKi would help strengthen the current recommendations.
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Availability of data and materials. The datasets used and/or analyzed during
the current study are available from the corresponding author on reasonable
request.

Author contributions. VR, SP and LLC developed the initial statements,
distributed the survey, contributed to the analysis and discussion of results and
read, edited and approved the final manuscript. DS facilitated the project,
managed group discussions, helped to identify key topics and generate
consensus statements, conducted the initial data analysis and provided editorial
support for the manuscript. KL conducted the literature review, helped to
identify key topics and generate consensus statements and drafted, edited and
finalized the manuscript. All authors approved the final manuscript as
submitted and agree to be accountable for all aspects of the work.

Funding statement. The study was initiated and funded by Alexion,
AstraZeneca Rare Disease Canada. The authors received no funding or honoraria
from Alexion, AstraZeneca Rare Disease Canada, while undertaking this study.
Alexion, AstraZeneca Rare Disease Canada, commissioned Triducive Partners
Limited to facilitate the project and analyze the responses to the consensus
statements inline with the Delphi methodology. After engaging Triducive Partners
Limited, Alexion, AstraZeneca Rare Disease Canada, made no contribution to the
design and development of the study. Alexion, AstraZeneca Rare Disease Canada,
took no part in the writing, revision or editing of the manuscript except to check
that the manuscript contained no promotion of specific medicines and that all
recommendations were appropriate to the drug label.

Competing interests. All authors received no honoraria from Alexion,
AstraZeneca Rare Disease Canada, while undertaking this study. The authors
state the following conflicts of interest: VR has received consulting fees and
honorarium from Alexion and Servier. SP has received fees for advisory boards
from Alexion, AstraZeneca, Bayer and Eisai and research support from Bayer,
Novartis and Roche. LLC has received consultancy fees and advisory board fees
from Alexion, DayOne biopharmaceutical and Servier. DS and KL worked on
behalf of Triducive Partners Limited, who were funded by Alexion, AstraZeneca
Rare Disease Canada, for the project; however, they received no personal
payments or honoraria for this study.

Ethical standards. This study did not require registration because neither the
assigned interventions nor the outcomes assessed were related to the health of
participants. All respondents involved in the survey within the study were
informed of the research purpose and that their data would remain anonymous.
Their consent was assumed through the completion and submission of their
survey responses.

References

1. Hamoy-Jimenez G, Kim R, Suppiah S, Zadeh G, Bril V, Barnett C. Quality of
life in patients with neurofibromatosis type 1 and 2 in Canada. Neurooncol
Adv. 2020;2(Suppl_1):i1141-i149. https://doi.org/10.1093/noajnl/vdaa003.

w

v

~

o]

10.

11.

12.

13.

14.

15.

16.

17.

18.

The Canadian Journal of Neurological Sciences

. Armstrong AE, Belzberg AJ, Crawford JR, Hirbe AC, Wang ZJ. Treatment

decisions and the use of MEK inhibitors for children with neuro-
fibromatosis type 1-related plexiform neurofibromas. BMC Cancer.
2023;23(1):553. https://doi.org/10.1186/s12885-023-10996-y.

. Yang X, Desai K, Agrawal N, et al. Characteristics, treatment patterns,

healthcare resource use, and costs among pediatric patients diagnosed with
neurofibromatosis type 1 and plexiform neurofibromas: a retrospective
database analysis of a medicaid population. Curr Med Res Opin.
2021;37(9):1555-1561. https://doi.org/10.1080/03007995.2021.1940907.

. Nishida Y, Ikuta K, Natsume A, et al. Establishment of in-hospital clinical

network for patients with neurofibromatosis type 1 in Nagoya University
Hospital. Sci Rep. 2021;11(1):11933. https://doi.org/10.1038/s41598-
021-91345-6.

. Wolters PL, Vranceanu AM, Thompson HL, et al. Current recommenda-

tions for patient-reported outcome measures assessing domains of quality of
life in neurofibromatosis clinical trials. Neurology. 2021;97(7_Suppl_1):
$50-S63. https://doi.org/10.1212/WNL.0000000000012421.

. Barnett C, Candido E, Chen B, Pequeno P, Parkin PC, Tu K. Development

of algorithms to identify individuals with Neurofibromatosis type 1 within
administrative data and electronic medical records in Ontario, Canada.
Orphanet ] Rare Dis. 2022;17(1):321. https://doi.org/10.1186/s13023-
022-02493-5.

. Evans DGR, Baser ME, McGaughran J, Sharif S, Howard E, Moran A.

Malignant peripheral nerve sheath tumours in neurofibromatosis 1. ] Med
Genet. 2002;39(5):311. https://doi.org/10.1136/jmg.39.5.311.

. Legius E, Messiaen L, Wolkenstein P, et al. Revised diagnostic criteria for

neurofibromatosis type 1 and Legius syndrome: an international consensus
recommendation. Genet Med. 2021;23(8):1506-1513. https://doi.org/
10.1038/s41436-021-01170-5.

. Fisher MJ, Blakeley JO, Weiss BD, et al. Management of neurofibromatosis

type  l-associated  plexiform  neurofibromas.  Neuro  Oncol.
2022;24(11):1827-1844. https://doi.org/10.1093/neuonc/noac146.

Hu X, Li W, Zeng K, et al. Phase 1 dose-escalation study to evaluate the
safety, tolerability, pharmacokinetics, and anti-tumor activity of FCN-159
in adults with neurofibromatosis type 1-related unresectable plexiform
neurofibromas. BMC Med. 2023;21(1):230. doi: https://doi.org/10.1186/
$12916-023-02927-2.

Wolkenstein P, Chaix Y, Entz Werle N, et al. French cohort of children and
adolescents with neurofibromatosis type 1 and symptomatic inoperable
plexiform neurofibromas: CASSIOPEA study. Eur ] Med Genet.
2023;66(5):104734. https://doi.org/10.1016/j.cjmg.2023.104734.

Solares I, Vifial D, Morales-Conejo M, Rodriguez-Salas N, Feliu J. Novel
molecular targeted therapies for patients with neurofibromatosis type 1 with
inoperable plexiform neurofibromas: a comprehensive review. ESMO Open.
2021;6(4):100223. https://doi.org/10.1016/j.esmoop.2021.100223

Gross AM, Dombi E, Widemann BC. Current status of MEK inhibitors in
the treatment of plexiform neurofibromas. Child’s Nervous System.
2020;36(10):2443-2452. https://doi.org/10.1007/s00381-020-04731-2.
Romo CG, Pratilas CA. KOMET in the landscape of MEK inhibitor clinical
trials for plexiform neurofibromas. The Lancet. 2025;405(10496):
2182-2184. https://doi.org/10.1016/S0140-6736(25)01155-9.

Moertel CL, Hirbe AC, Shuhaiber HH, et al. ReNeu: a pivotal, phase IIb trial
of Mirdametinib in adults and children with symptomatic neurofibroma-
tosis type 1l-associated plexiform neurofibroma. ] Clin Oncol.
2025;43(6):716-729. https://doi.org/10.1200/JCO.24.01034.

Webster Carrion A, Shah AC, Kotch C. Neurofibromatosis type 1-
associated gliomas and other tumors: a new pathway forward? Pediatr
Hematol Oncol. 2023;8(2):129-135. https://doi.org/10.1016/j.ph0j.2023.
05.002.

Viskochil D, Linscott LL. Volumetric MRI in neurofibromatosis type 1
(NF1) comes of age to help determine initiation and monitoring of targeted
therapies for plexiform neurofibromas. Acad Radiol. 2018;25(2):141-143.
https://doi.org/10.1016/j.acra.2017.11.003.

Schmalhofer ML, Farschtschi S, Kluwe L, et al. Whole-body MRI-based
long-term evaluation of pediatric NF1 patients without initial tumor
burden with evidence of newly developed peripheral nerve sheath tumors.
Orphanet ] Rare Dis. 2024;19(1):412. https://doi.org/10.1186/s13023-024-
03420-6.

Downloaded from https://www.cambridge.org/core. IP address: 216.73.216.41, on 18 Dec 2025 at 13:41:57, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms.
https://doi.org/10.1017/cjn.2025.10409


https://doi.org/10.1017/cjn.2025.10409
https://doi.org/10.1093/noajnl/vdaa003
https://doi.org/10.1186/s12885-023-10996-y
https://doi.org/10.1080/03007995.2021.1940907
https://doi.org/10.1038/s41598-021-91345-6
https://doi.org/10.1038/s41598-021-91345-6
https://doi.org/10.1212/WNL.0000000000012421
https://doi.org/10.1186/s13023-022-02493-5
https://doi.org/10.1186/s13023-022-02493-5
https://doi.org/10.1136/jmg.39.5.311
https://doi.org/10.1038/s41436-021-01170-5
https://doi.org/10.1038/s41436-021-01170-5
https://doi.org/10.1093/neuonc/noac146
https://doi.org/10.1186/s12916-023-02927-2
https://doi.org/10.1186/s12916-023-02927-2
https://doi.org/10.1016/j.ejmg.2023.104734
https://doi.org/10.1016/j.esmoop.2021.100223
https://doi.org/10.1007/s00381-020-04731-2
https://doi.org/10.1016/S0140-6736(25)01155-9
https://doi.org/10.1200/JCO.24.01034
https://doi.org/10.1016/j.phoj.2023.05.002
https://doi.org/10.1016/j.phoj.2023.05.002
https://doi.org/10.1016/j.acra.2017.11.003
https://doi.org/10.1186/s13023-024-03420-6
https://doi.org/10.1186/s13023-024-03420-6
https://doi.org/10.1017/cjn.2025.10409
https://www.cambridge.org/core
https://www.cambridge.org/core/terms

Le Journal Canadien des Sciences Neurologiques

19.

20.

2

—_

22.

23.

24.

25.

26.

27.

28.

Downloaded from https://www.cambridge.org/core. IP address: 216.73.216.41, on 18 Dec 2025 at 13:41:57, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms.

Cai W, Steinberg SM, Bredella MA, et al. Volumetric MRI analysis of
plexiform neurofibromas in neurofibromatosis type 1. Acad Radiol.
2018;25(2):144-152. https://doi.org/10.1016/j.acra.2017.09.004.

Rietman AB, van Helden H, Both PH, et al. Worries and needs of adults and
parents of adults with neurofibromatosis type 1. Am ] Med Genet A.
2018;176(5):1150-1160. https://doi.org/10.1002/ajmg.a.38680.

. Goetsch Weisman A, Haws T, Lee ], Lewis AM, Srdanovic N, Radtke HB.

Transition readiness assessment in adolescents and young adults with
neurofibromatosis type 1 (NF1). Compr Child Adolesc Nurs.
2023;46(3):223-239. https://doi.org/10.1080/24694193.2020.1806402.
Siegel A, Lockridge R, Struemph KL, et al. Perceived transition readiness
among adolescents and young adults with neurofibromatosis type 1 and
plexiform neurofibromas: a cross-sectional descriptive study. J Pediatr
Psychol. 2024;49(6):383-391. https://doi.org/10.1093/jpepsy/jsae006.
Ferner RE, Huson SM, Thomas N, et al. Guidelines for the diagnosis and
management of individuals with neurofibromatosis 1. ] Med Genet.
2006;44(2):81-88. https://doi.org/10.1136/jmg.2006.045906.

Theanacho I, Yoo HK, Yang X, Dodman S, Hughes R, Amin S.
Epidemiological and clinical burden associated with plexiform neurofibro-
mas in pediatric neurofibromatosis type-1 (NF-1): a systematic literature
review. Neurol Sci. 2022;43(2):1281-1293. https://doi.org/10.1007/s10072-
021-05361-5.

Miller DT, Freedenberg D, Schorry E, et al. Health supervision for children
with neurofibromatosis type 1. Pediatrics. 2019;143(5). pmid: 31010905.
https://doi.org/10.1542/peds.2019-0660.

Kurvers RHJM, Herzog SM, Hertwig R, et al. Boosting medical diagnostics
by pooling independent judgments. Proc Natl Acad Sci U S A.
2016;113(31):8777-8782. https://doi.org/10.1073/pnas.1601827113.
Woolley AW, Chabris CF, Pentland A, Hashmi N, Malone TW. Evidence
for a collective intelligence factor in the performance of human groups.
Science (1979). 2010;330(6004):686-688. https://doi.org/10.1126/science.
1193147.

Shang Z. Use of Delphi in health sciences research: a narrative review.
Med(USA). 2023;102(7):E32829. https://doi.org/10.1097/MD.0000000000032
829.

https://doi.org/10.1017/cjn.2025.10409

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Diamond IR, Grant RC, Feldman BM, et al. Defining consensus: a
systematic review recommends methodologic criteria for reporting of
Delphi studies. J Clin Epidemiol. 2014;67(4):401-409. https://doi.org/
10.1016/j.jclinepi.2013.12.002.

Kerashvili N, Gutmann DH. The management of neurofibromatosis type 1
(NF1) in children and adolescents. Expert Rev Neurother. 2024;24(4):
409-420. https://doi.org/10.1080/14737175.2024.2324117
Godinez-Chaparro JA, Valencia-Herrera AM, Mena-Cedillos CA, et al.
Pigmented neurofibroma with hypertrichosis. Bol Med Hosp Infant Mex.
2023;80(1):57-62. https://doi.org/10.24875/BMHIM.21000197

Lohkamp LN, Parkin P, Puran A, et al. Optic pathway glioma in children
with neurofibromatosis type 1: a multidisciplinary entity, posing dilemmas
in diagnosis and management multidisciplinary management of optic
pathway glioma in children with neurofibromatosis type 1. Front Surg.
2022;9. pmid:35592129. https://doi.org/10.3389/fsurg.2022.886697.
Strowd RE, Plotkin SR. Familial nervous system tumor syndromes.
CONTIN Lifelong Learn Neurol. 2020;26(6):1523-1552. https://doi.org/
10.1212/CON.0000000000000950.

de Blank PMK, Gross AM, Akshintala S, et al. MEK inhibitors for
neurofibromatosis type 1 manifestations: clinical evidence and consensus.
Neuro Oncol. 2022;24(11):1845-1856. https://doi.org/10.1093/neuonc/noac165.
Klesse LJ, Jordan JT, Radtke HB, et al. The use of MEK inhibitors in
neurofibromatosis type 1-Associated tumors and management of toxicities.
Oncologist. 2020;25(7):e1109-e1116. https://doi.org/10.1634/theoncologist.
2020-0069

Rauen KA, Alsaegh A, Ben-Shachar S, et al. First international conference
on RASopathies and Neurofibromatoses in Asia: identification and
advances of new therapeutics. Am ] Med Genet A. 2019;179(6):
1091-1097. https://doi.org/10.1002/ajmg.a.61125.

Brown R. Management of central and peripheral nervous system tumors in
patients with neurofibromatosis. Curr Oncol Rep. 2023;25(12):1409-1417.
https://doi.org/10.1007/s11912-023-01451-z.

Dombi E, Baldwin A, Marcus LJ, et al. Activity of selumetinib in
neurofibromatosis type 1-Related plexiform neurofibromas. New Engl
J Med. 2016;375(26):2550-2560. https://doi.org/10.1056/NEJMoal605943.


https://doi.org/10.1016/j.acra.2017.09.004
https://doi.org/10.1002/ajmg.a.38680
https://doi.org/10.1080/24694193.2020.1806402
https://doi.org/10.1093/jpepsy/jsae006
https://doi.org/10.1136/jmg.2006.045906
https://doi.org/10.1007/s10072-021-05361-5
https://doi.org/10.1007/s10072-021-05361-5
https://doi.org/10.1542/peds.2019-0660
https://doi.org/10.1073/pnas.1601827113
https://doi.org/10.1126/science.1193147
https://doi.org/10.1126/science.1193147
https://doi.org/10.1097/MD.0000000000032829
https://doi.org/10.1097/MD.0000000000032829
https://doi.org/10.1016/j.jclinepi.2013.12.002
https://doi.org/10.1016/j.jclinepi.2013.12.002
https://doi.org/10.1080/14737175.2024.2324117
https://doi.org/10.24875/BMHIM.21000197
https://doi.org/10.3389/fsurg.2022.886697
https://doi.org/10.1212/CON.0000000000000950
https://doi.org/10.1212/CON.0000000000000950
https://doi.org/10.1093/neuonc/noac165
https://doi.org/10.1634/theoncologist.2020-0069
https://doi.org/10.1634/theoncologist.2020-0069
https://doi.org/10.1002/ajmg.a.61125
https://doi.org/10.1007/s11912-023-01451-z
https://doi.org/10.1056/NEJMoa1605943
https://doi.org/10.1017/cjn.2025.10409
https://www.cambridge.org/core
https://www.cambridge.org/core/terms

	A National Modified Delphi Consensus on the Referral and Management of NF1 Plexiform Neurofibroma
	Introduction
	Methods
	Results
	Discussion
	Topic A. NF1-PN diagnosis, monitoring and referral
	Topic B. Treatment selection and initiation
	Topic C. Continuing management of NF1-PN
	Topic D. Transitioning from pediatric to adult care
	Recommendations
	Strengths and limitations

	Conclusion
	References


