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Abstract

Background. The MEK inhibitor, selumetinib, reduces plexiform neurofibroma (PN) in pediatric patients with neu-
rofibromatosis type 1 (NF1). Its safety and efficacy in adults with PN and effectiveness in other NF1 manifestations
(eg, neurocognitive function, growth reduction, and café-au-lait spots) are unknown.

Methods. This open-label, phase Il trial enrolled 90 pediatric or adult NF1 patients with inoperable, symptomatic,
or potentially morbid, measurable PN (>3 cm). Selumetinib was administered at doses of 20 or 25 mg/m? or 50 mg
g 12 hours for 2 years. Pharmacokinetics, PN volume, growth parameters, neurocognitive function, café-au-lait
spots, and quality of life (QoL) were evaluated.

Results. Fifty-nine children and 30 adults (median age, 16 years; range, 3-47) received an average of 22 + 5 (4-26)
cycles of selumetinib. Eighty-eight (98.9%) out of 89 per-protocol patients showed volume reduction in the target
PN (median, 40.8%; 4.2%-92.2%), and 81 (91%) patients showed partial response (>20% volume reduction). The
response lasted until cycle 26. Scores of neurocognitive functions (verbal comprehension, perceptual reasoning,
processing speed, and full-scale 1Q) significantly improved in both pediatric and adult patients (P < .05). Prepubertal
patients showed increases in height score and growth velocity (P < .05). Café-au-lait spot intensity decreased sig-
nificantly (P < .05). Improvements in QoL and pain scores were observed in both children and adults. All adverse
events were CTCAE grade 1 or 2 and were successfully managed without drug discontinuation.

Conclusions. Selumetinib decreases PN volume in the majority of pediatric and adult NF1 patients while also
showing efficacy in nonmalignant diverse NF1 manifestations.

Trial Registration. Cris.nih.go.kr Identifier (KCT0003700).

Key Points

© The Author(s) 2024. Published by Oxford University Press on behalf of the Society for Neuro-Oncology.
Thisis an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License

(https://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any
medium, provided the original work is properly cited. For commercial re-use, please contact reprints@oup.com for reprints and
translation rights for reprints. All other permissions can be obtained through our RightsLink service via the Permissions link on
the article page on our site—for further information please contact journals.permissions@oup.com.


https://orcid.org/0000-0001-9709-2631
mailto:bhlee@amc.seoul.kr
mailto:mdlbh@hanmail.net
https://creativecommons.org/licenses/by-nc/4.0/

Kim et al.: Safety and efficacy of selumetinib in neurofibromatosis type 1

Neurofibromatosis type 1 (NF1; OMIM#16220) is a rare ge-
netic disorder affecting 1 out of 3,000 people." NF1 is caused
by a heterozygous loss-of-function mutation in the NF1 gene?
that regulates the RAS-MAPK pathway, which is essential for
cellular growth, proliferation, and differentiation.® Its somatic
loss of heterozygosity leads to representative NF1 manifest-
ations such as café-au-lait spots, bone dysplasia, and tumor
development.* Up to 50% of patients with NF1 develop plex-
iform neurofibroma (PN), which has the potential for ma-
lignant transformation® and causes significant morbidity
by compressing important body structures. In the past, the
standard treatment for PN was surgical removal; however,
most PNs could not be completely resected due to their pos-
ition and risk of complications such as nerve and vascular in-
jury, and 40%-50% of PNs progress after surgery.®

Recently, the oral selective MEK inhibitor selumetinib
has been reported to decrease the size of PN in pediatric
NF1.78 In a phase Il trial, selumetinib (25 mg/m? q 12 hours,
28 days/cycle) resulted in at least 20% reduction in PN
volume after a median of 8 cycles in 74% of pediatric NF1
patients without subsequent disease progression in most
patients. Selumetinib also showed potential clinical bene-
fits in tumor-related disfigurements or pain with improve-
ment in quality of life (QoL).8

Although PNs have received a significant amount of at-
tention in relation to the use of selumetinib in pediatric
NF1 patients, their safety and efficacy in adult patients
have remained unknown. Moreover, NF1 entails many
other comorbidities, including learning disabilities, re-
duced growth, and café-au-lait spots.® However, the effect
of selumetinib on these comorbidities is largely unknown.
In addition, there are conflicting data regarding whether
Asian patients with NF1 have different pharmacokinetics of
selumetinib compared to those of Caucasian patients.'0-'2
In the study by Dymond et al., higher drug exposure (30%)
was suggested in Asians'%; in contrast, other studies"'? re-
ported that body surface area rather than ethnicity was as-
sociated with drug exposure.

In these regards, we analyzed the feasibility, efficacy, and
safety of selumetinib on the reduction of PN in Korean pe-
diatric and adult NF1 patients with pharmacokinetic anal-
ysis. We also evaluated, for the first time, the potential
therapeutic effects of selumetinib on neurocognitive func-
tions, growth parameters, and cutaneous manifestations
in patients with NF1.

Methods
Trial Outlines and Participants

This is a single-arm phase Il trial developed and conducted
by the Medical Genetics Center at Asan Medical Center
in Seoul, Korea (KCT0003700, https://cris.nih.go.kr/cris/
search/detailSearch.do/19080). The study was approved by
the Institutional Review Board of Asan Medical Center (ap-
proval no. 2019-0199) and the Ministry of Food and Drug
Safety. Informed consent was obtained from each patient
or his/her guardian prior to enrollment.

Patients with either NF1 or mosaic NF1 according to
the revised diagnostic criteria' and at least one measur-
able inoperable PN (>3 cm) and significant symptoms/

comorbidities such as sensory or motor deficit, respira-
tory difficulty, or disfigurement or the potential to develop
symptoms/comorbidities due to the inoperable measur
able PN were included (SupplementaryTable 1).

Trial Design

The primary outcomes were the safety and pharmaco-
kinetic properties of selumetinib in Korean patients with
NF1 and PN, and secondary outcomes were the efficacies
of selumetinib in PN reduction, operability, pain, QolL,
neurocognitive functions, and gene expression profiles
(SupplementaryTable 2).This manuscript included the ana-
lytic findings for the primary outcome of the trial.

Selumetinib was administered orally 20 or 25 mg/m? or
50 mg g 12 hours on a continuous dosing schedule (28-day
cycle). The dose of selumetinib was calculated based on
body surface area. Patients were enrolled in 2 stages, with
separation between pediatric and adult groups based on
age (Figure 1 and Supplementary Method 1).

Safety Assessment

Clinical examinations, laboratory evaluations,
ophthalmologic examinations, echocardiography, and
electrocardiography were performed at baseline and reg-
ularly throughout the trial (SupplementaryTable 3). AE was
graded based on the CTCAE version 4.0.™

Pharmacokinetic Assessments

Blood samples were taken on the first day before the first
dosage and 0.5, 1, 2, 3, 5, 8, between 10 and 12, 24, and
between 30 and 36 hours after the first dose; in addition,
a blood sample was taken on day 27 before the first dose
for cycle 2 was given. Concentrations of selumetinib and
its active metabolite, N-desmethyl selumetinib, were ana-
lyzed by Labcorp Bioanalytical Services LLC (Indianapolis,
IN, USA; Supplementary Method 2). Noncompartmental
approaches were used in the pharmacokinetic variables.

Tumor Response Evaluation

At enrollment, the treating physician identified the
most clinically relevant inoperable quantifiable PN as
the target PN (Supplementary Figure 1 and Appendix
B of the original protocol). To measure the volume of
the target lesion, image analysts conducted whole seg-
mentation by carefully drawing the region of interest
along the margin of the target lesion to cover the entire
volume of the tumor. Asand, an in-house software de-
veloped from ImageJ (National Institute of Health, USA,
https://imagej.net), was utilized for semiautomatic vol-
umetric analysis.’”® Volumetric examination of the MRI
of target PNs assessed the tumor response according
to the Response Evaluation in Neurofibromatosis and
Schwannomatosis (REiNS) International Collaboration.®
Tumor response assessment was conducted in accord-
ance with the prescribed protocol schedule (Baseline,
post cycles 6, 12, 18, and 26).
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Figure 1. Study flow diagram.

Response Criteria

Partial response (PR) was defined as a decrease in tumor
volume of 20% or more from baseline for at least 4 weeks.
An increase in the tumor volume of more than 20% from
baseline was considered to signify disease progression,
and tumor volume changes of less than 20% from baseline
were considered a stable disease.

Neurocognitive Examination

For the neurocognitive examination, we used the Korean
versions of the Wechsler Preschool and Primary Scale of
Intelligence (K-WPPSI),'® the Wechsler Intelligence Scale
for Children, fourth edition (K-WISC-1V),"” and the Wechsler
Adult Intelligence Scale fourth edition (K-WAIS-IV)'® to
evaluate patients under 6 years old, between 6 and 15
years old, and 16 years and older, respectively. Verbal
Comprehension Index (VCI), Perceptual Reasoning Index
(PRI), working memory index, Processing Speed Index
(PSI), and Full-Scale Intelligence Quotient (FSIQ) were also
measured. The severity of intellectual disability was de-
termined using 1Q scores (borderline: 70-79; mild: 50-69;
moderate: 35-49; severe: < 35)."%'8 The Advanced Test of
Attention'? and the Seoul Computerized Neurocognitive
Function Test?' were used to assess the attention level of
patients aged 5-18 years and those aged 19 years and
above, respectively. A Z score greater than 1.5 in patients
aged 5-18 years and a T score lower than 40 in patients
19 years and older were used to determine attention def-
icit.’®1% Neurocognitive examinations were conducted in
accordance with the prescribed protocol schedule (base-
line, post cycles 12, and 26).The changes in scores for each
item were evaluated from baseline across the study period
using a 2-tailed Wilcoxon signed-rank test against baseline
(*Pvalue < .05).

Growth Parameters

Height, growth velocity, Tanner stage, bone age (left wrist),
and blood levels of insulin-like growth factor | (IGF1) and
insulin-like growth factor-binding protein 3 (IGF-BP3) were
measured.
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Termination of the study

Café-au-Lait Spots

Representative café-au-lait spots were photographed
using a white paper background and a scale as part of the
routine clinical practice throughout the study (not included
in the protocol). For image analysis, ImageJ was down-
loaded from the NIH website.?? The digital image is con-
verted into Log R image and the brightness is increased to
a practical level (process > math > multiply, then input the
appropriate number, usually 2-5).The area of interest is de-
termined as the same in each image of a single patient (see
right) and the intensity score is measured.

Assessment of Quality of Life and Pain

QoL and pain were assessed with PRO measures.The PedsQL
4.0 Generic Core Scales and a 10-point scale Numeric Pain
Rating Scale (NPS)/Wong-Baker Faces Pain Rating Scale
(WBS) were used in patients aged 3-18 years.??* There are
different forms for parents according to the age of the patients
(toddler: 2—-4; young child: 5-7; child: 8-12; adolescent: 13-18).
For this study, children aged 8 to 18 completed self-report
measures of the PedsQL, while parents or legal guardians of
children aged 2 to 18 completed the parent proxy measures
of the PedsQL. The Impact of NF1 on QoL (INF1-QOL) ques-
tionnaire and the Korean Neuropathic Pain Questionnaire
were used in patients aged >18 years.?526

Statistical Analyses

The estimated sample size was 90 (cf. page 75 in the orig-
inal protocol). IBM SPSS Statistics for Windows, version 21
(IBM Corp.) was used (2-tailed Wilcoxon signed-rank test).

Results
Patient Characteristics

From May 2019 to December 2021, the goal enroliment
of 90 participants was accomplished. As of January 2023,
one child discontinued the study due to the development
of a malignant peripheral nerve sheath tumor during the
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o2
=)
Table 1. Baseline Characteristics of the Study Patients 8 E
= O
Children (3 > Age < 19 years) Adults (>19 years) ‘8 .
Group 1 Group 2 Subtotal Group 3 Group 4 Subtotal <
(20 mg/m?q 12 h) (25 mg/m?q 12 h) (50mgqg12h) (25 mg/m?q 12 h)
Patients enrolled—no. 30 30 60 10 20 30
NF1 29 29 58 10 18 28
Mosaic NF1 1 3 4 1 2 3
Sex—no.
Male 15 20 85 6 14 20
Female 15 10 25 4 6 10
Median age atenroll- 9.0 (4.0-18.0) 8.5 (3.0-18.0) 8.0 (3.0-18.0) 34.0(19.0-42.0) 24.0(19.0-47.0) 26.5 (19.0-47.0)
ment (range)—year
Median performance 100 (70-100) 100 (70-100) 100 (70-100) 90 (70-100) 95 (70-100) 90 (70-100)

status score (range)

Target location of plexiform neurofibroma—no.

abdomen 2 1 3 2 2
ankle 1 1
arm 2 3 5

arm, pelvis 1 1

arm, pelvis, thigh 1 1
arm, shoulder, back, 1 1
pelvis

buttock 1 1
chest 1 1 1 1
chest wall 1 1
chest, leg 1 1

eye 4 4

face 1 1

face, chest 1 1
face, paraspinal 1 1

face, pelvis 1 1

foot 1 1

leg 1 3 4 1 1 2
liver 1 1

neck 6 9 15 4 1 5
neck and pelvis 1 1

neck, abdomen 1 1

neck, back 1 1
neck, chest 1 1
neck, face 1 1

neck, pelvis 1 1 1 2 2
orbit 1 1
paraspinal 2 2 4 1 1
paraspinal, chest 1 1

pelvis 5 3 8 2 5 7
pelvis, chest 1 1

thoracic paraspinal 1 1 1 1
thoracic paraspinal, leg 1 1

Median target plex- 50.2 (3.4-922.6) 70.6 (2.5-11375)  60.7 (2.5- 71.2 (15.3- 92.2 (5.7-546.8) 84.5 (6.7
iform neurofibroma 1137.5) 278.6) 546.8)

volume at enrollment
(range)—mL
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Table 1. Continued

Children (3 > Age < 19 years) Adults (>19 years)

Subtotal Subtotal

Group 1
(20 mg/m2q 12 h)

Group 2
(25 mg/m2q 12 h)

Group 3
(50 mg q 12 h)

Group 4
(25 mg/m2q 12 h)

Documented neurofibroma-related complication at baseline—no. (%)

Café-au-lait spot 29 (96.7) 30(100) 59 (98.3) 10 (100.0) 19 (95.0) 29 (96.7)
Diffuse cutaneous neu- 14 (46.7) 13 (43.3) 27 (45.0) 9 (90.0) 14 (70.0) 23(76.7)
rofibroma

Mental retardation 7 (23.3) 7 (23.3) 14 (23.3) 3(30.0) 3(15.0) 6(20.0)
Attention deficient hy- 15 (50.0) 12 (40.0) 27 (45.0) 2 (20.0) 5(25.0) 7 (23.3)
peractivity disorder

Autism 0 0 0 0 1(5.0) 1(3.3)
Seizure 1(3.3) 0 1(1.7) 0 0 0
Hypertension 0 2(6.7) 2(3.3) 2(20.0) 2 (10.0) 4(13.3)
Cardiac abnormality 1(3.3) 0 1(1.7) 0 2 (10.0) 2(6.7)
Hearing abnormality 3(10.0) 1(3.3) 4(6.7) 1(10.0) 3(15.0) 4(13.3)
Optic pathway abnor- 3 (10.0) 3(10.0) 6(10.0) 0 0 0

mality

Dysplasia of bone 12 (40.0) 10 (33.3) 22 (36.7) 1(10.0) 10 (50.0) 11 (36.7)
Median cycle at anal- 21 (4-26) 22 (16-26) 21 (4-26) 26 26 (16-26) 26 (16-26)

ysis (range)

NF1, neurofibromatosis type 1; no., number.

fifth cycle; as a result, 90 patients (children, n = 60; adults,
n=230) took selumetinib for 22 +5 (range, 4-26) cycles
(Table 1, Supplementary Table 4). Of the 60 pediatric pa-
tients, 30 were in group 1 (20 mg/m?/dose every 12 hours)
and the other 30 were in group 2 (25 mg/m?/dose every 12
hours); of the 30 adult patients, 10 were in group 3 (50 mg/
dose every 12 hours) and 20 were in group 4 (25 mg/m?
dose every 12 hours; Figure 1). According to the revised di-
agnostic criteria of NF1,'3 7 (7.8%) were identified as having
mosaic NF1.The most common sites of target PNs were the
neck area in children (N=19, 31.7%) and the pelvic area in
adults (N =11, 36.7%). The most common symptoms were
disfigurement in children and pain in adults. At baseline,
the median target PN volume was 60.7 mL (range, 2.5-
1137.5) in children and 84.5 mL (range, 5.7-546.8) in adults.
At the time of analysis, the median number of total treat-
ment cycles was 21 cycles (range, 4-26) in children and 26
cycles (range, 16-26) in adults.

Adverse Events

A total of 422 AEs occurred in 90 patients (median per pa-
tient, 5; range, 0-15; Supplementary Table 5). The most
common AE was paronychia (n=62, 14.7%), followed by
acneiform rash (n=61, 14.5%) and skin infection (n=59,
14.0%). Except for 20 (4.7%) cases of CTCAE grade 2 AEs,
all other AEs were grade 1. The frequency of AE was the
highest in cycle 1 (Supplementary Figure 2) and decreased
as the cycles progressed. Supportive therapy eased all AEs
regardless of severity and drug discontinuation was not
required.

Tumor Volume Reduction

At the last follow-up, 88 patients (97.8%) out of 90 pa-
tients in the intention-to-treat group showed a median re-
duction of 40.8% (range, 4.2%-92.2%) in the PN volume
(Supplementary Table 6), except for 1 child (S51) who did
not experience any change in volume. For per-protocol
analysis with 89 patients evaluated, the response rate was
98.9% (88 out of 89 patients). In the per-protocol group, 81
(91%) patients showed PR (Figure 2A). Specifically, PR was
achieved by 60 (67.4%) patients by cycle 6, then an addi-
tional 16 (18.0%) patients by cycle 12, and an additional 5
(5.6%) patients by cycle 18. Notably, PR was achieved in
all 42 patients who received 26 cycles of selumetinib. Two
patients (S27, S28 in Supplement Table 6) experienced a
confirmed PR after 6 cycles of treatment. Subsequently,
in cycles 12 and 18, there was a volume increase of 5.3%
and 3.4%, respectively. However, the volume decreased
again to PR grades compared to the baseline in cycle 26.
While the tumor-reducing response lasted until cycle 26,
the most pronounced reduction was observed between
baseline and cycle 6 (Figure 2B). There was no significant
difference in the degree of volume reduction between the
dose groups (Supplementary Figures 3 and 4); however,
a higher proportion of patients achieved PR in the higher
dosage group: 89.7% (n =29, 20 mg/m? q 12 hours) versus
96.7% (n=30, 25 mg/m? q 12 hours) in children and 80%
(n=20, 25 mg/m? q 12 hours) versus 100% (n= 10,50 mg q
12 hours) in adults (Supplementary Figure 5).

At the last evaluation, no patients showed disease pro-
gression while taking selumetinib, and there was no need
for dose reduction or discontinuation due to toxic effects
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representative patients at baseline, cycle 12, and cycle 26. Left panel: an 8-year-old child in group 1. Right panel: a 34-year-old female 6 in group

3 (arrows, target lesion).

or poor compliance. After the selumetinib treatment, total
surgical resection of the target PN was not possible in the
subjects due to its location. However, partial resection was
considered in 12 (13.5%) patients, such as for eyelid recon-
struction or the removal of redundant skin. Anecdotal data
from 2 cases revealed that extensive PNs that were close
to compressing the spinal cord had decreased to the point

that surgery was no longer necessary, along with a signifi-
cant reduction in discomfort (Figure 2C).

Neurocognitive Assessment

After cycle 12, patients generally showed improvements in
VCI (children), PSI (children and adults), and FSIQ (children
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and adults) scores (K-WISC-1V, K-WPPSI, and K-WAIS-IV
tests; Supplementary Tables 7,8). Specifically, the improve-
ments were statistically significant for VCl and FSIQ (group
1), and PSI (groups 1 and 3). The proportion of patients
with borderline (FSIQ; 70~79) or overt intellectual disa-
bility (FSIQ <70) in terms of VCI (children), PRI (children
and adults), PSI (children and adults), and FSIQ (children
and adults) decreased because of this improvement
(Figure 3A). Statistical improvements were observed in the
VCI, PRI, PSI, and FSIQ scores of 19 pediatric and 25 adult
patients who underwent 26 cycles of selumetinib com-
pared to their baseline scores.

(Figure 3B). The attention scores showed a wide indi-
vidual variability (SupplementaryTables 7 and 8).

Growth Assessment

Thirty-seven patients (16 males and 21 females) were in
the prepubertal stage at the time of enrollment, and their
growth parameters during selumetinib treatment were
assessed. The Standard deviation (SD) score of height
and growth velocity was -0.7 +1.1 (range, -3.5—-0.9),
and the height SD score increased gradually throughout
the treatment period (Figure 3C, left). The growth

velocity significantly increased from 5.8 + 1.3 cm/year to
8.2 + 1.5 cm/year (Figure 3C, right). The SD scores of IGF-1
and IGF-BP and the difference between bone age and
chronological age did not significantly change during the
treatment (Supplementary Tables 9 and 10; Figure 6).

Cafe-au-Lait Spots

Café-au-Lait Spots intensity score, as measured by
the Image J program, had decreased from 115.6 +26.6
(Baseline, n=79) to 92.8 + 25.1 (Cycle 12, n=79; P<.001)
and 79.6 £23.2 (Cycle 26, n=36; (P<.001; Figure 3D,
Supplementary Figure 7).

Quality of Life and Pain

After receiving selumetinib, 63.6% of children and 78.6%
of their parents reported an improvement in their QoL
(Figure 4A). Specifically, the QoL of children significantly
improved after cycles 6 (P=.02) and 26 (P=.004) com-
pared to the baseline (Supplementary Figure 8A). While
all domains of QoL scores showed improvement, physical
functioning (47.3%) had the highest proportion of children
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Figure 4. Effects of selumetinib on quality of life and pain. (A) Number of pediatric patients, their parents, and adult patients who reported im-
provements (blue), no change (orange), or worsening (gray) in their quality of life between baseline and cycle 26. Total scores and subscores (ie,
school, social, emotional, and physical functioning) of quality of life are shown. (B) Duration of pain during the last 24 hours in adult patients. (C)
Frequency of pain during the last 24 hours in adult patients. (D) Radial charts showing the scores of 5 fields (tumor volume, QOL score, pain score,
FSIQ, processing speed) that were assessed at baseline, first evaluation, and second evaluation.

who reported improvements, and emotional functioning
(66.1%) had the highest proportions of parents who re-
ported improvement (Figure 4A, Supplementary Figure 9).
In adult patients, 61.5% reported an improvement in their
QoL after selumetinib treatment (Figure 4A), and the

temporal trajectory of QoL scores over time differed from
that in children, with cycle 18 showing the highest QoL
(Supplementary Figure 8B). When the depression and anx-
iety scores were compared separately, 26.7% of the pa-
tients in the survey showed improvement, and 50% of the
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16 patients with a score of 1 or higher prior to taking the
drug also showed improvement. (SupplementaryTable 11).

In terms of pain, both the duration and frequency of pain
decreased in adult patients (Figure 4, B and C). At the latest
evaluation, the duration of recent pain was less than 1 hour
in all patients, and 60% reported that the pain had com-
pletely disappeared. In pediatric patients, the pain score
showed a decreasing trend over time (Supplementary
Figure 10A). Adult patients reported significant reductions
in pain at cycle 6 compared with baseline (Supplementary
Figure 10B).

Pharmacokinetics

A total of 82 patients were included in the pharmacokinetic
analysis (Supplementary Figure 11; Table 12). In children,
the C_, and AUC_ ., increased with higher doses. In
adults, group 3 showed a higher degree of drug exposure
compared with group 4. Group 3 (adults) had the highest
AUC, ,,,» while group 2 (children) had the highestC__ .

We compared our results on Korean children with those
of the SPRINT study, which did not include Asian patients.
The C_ . in Korean children was 30% to 65% higher than
that in the SPRINT study, and the AUC_,,, after 1 dose of
selumetinib was 7% to 17% higher in Korean children as
well (SupplementaryTable 13).

Discussion

Our single-arm phase Il trial on selumetinib highlights mul-
tiple previously unrecognized beneficial therapeutic effects
of selumetinib in children and adults with NF1 and PN.The
PR rate of our subjects was 91% (81/89), which was com-
parable or slightly higher than those reported in the phase
| (71%)7 and phase Il (74%)? studies of the SPRINT trial.
Importantly, a continued response was observed during
the study period in all patients with PR, and the measures
of pain and QoL also improved, with the most significant
changes in pain occurring during the first 18 cycles. The
changes in QoL in adults were modest compared to those
in children.

None of our patients experienced AEs that were grade
3 or higher. Most of the AEs occurred in cycle 1 and de-
creased significantly afterward (Supplementary Figure 2),
indicating that the risk of AEs may not increase with longer
treatment durations. An adverse event evaluation was con-
ducted using the same methods as the SPRINT study. The
subjects received regular instruction on education and pre-
ventive measures for skin and oral care as specified in the
study protocol. In addition, avoiding strenuous exercise
was recommended to prevent myositis (personal obser-
vation). There were no worsening of cutaneous or muscu-
loskeletal adverse effects in patients who adhered to the
therapeutic guidelines. The most common AEs in a phase
| trial of Caucasian patients were acneiform rash, gastro-
intestinal symptoms, and asymptomatic increases in cre-
atine kinase (CK).” In our patients, the occurrence rates of
gastrointestinal symptoms and asymptomatic CK eleva-
tion were low.

We found that children and adult patients with NF1
showed improvements in neurocognitive functions after
receiving selumetinib treatment. Especially, the propor
tion of patients with overt or borderline intellectual disa-
bility decreased after undergoing more treatment cycles.
The improvement may be attributed to the restoration of
RAS-MAPK activity by selumetinib.?’ It is possible that
improvements in pain and motor dysfunction may have
affected the neurocognitive function and attention; more-
over, better scores in neurocognitive assessments may
simply reflect increased proficiency due to repeated exam-
inations. However, it is important to consider potential
bias from the examiners and find ways to minimize these
issues, such as using computerized tests or alternative
measures with different forms. However, considering that
previous studies?®?° reported similar beneficial results of
different MEK inhibitors on the cognitive functions of NF1
patients, it may be worthwhile to investigate these prom-
ising effects further through randomized controlled, long-
term trials.

Another possible therapeutic effect of selumetinib shown
in our study is the improvement of growth profiles in pre-
pubertal NF1 children, which might also be associated
with the restoration of RAS-MAPK activity.3? Short stature
is one of the characteristic manifestations of genetic dis-
orders (RASopathy) caused by germline gain-of-function
mutations in the RAS-MAPK pathway, such as Noonan
syndrome, and growth hormone therapy is recommended
for children with short stature (< -2 SD score). However,
growth hormone treatment can be controversial for NF1
patients because of the risks of tumor growth. Therefore,
our results suggest a potential indication for selumetinib
treatment in children with NF1 who have short stature.
Our observation needs to be validated through age- and
sex-matched, randomized controlled trials with detailed
endocrine and auxology studies. Moreover, we found that
café-au-lait spots became fainter with selumetinib treat-
ment, and this effect increased with a longer duration of
treatment. This is an encouraging result considering that
café-au-lait spots are one of the psychological and social
burdens causing mental conflict on NF1 patients.3' Also,
the only currently available treatment using laser has
shown limited efficacy.3? However, as avoidance of sun
exposure or the natural tendency for café-au-lait spots to
fade with increasing age in post-pubertal patients should
be considered as other affecting factors, these preliminary
results should be validated through age-adjusted, random-
ized controlled trials.

Finally, our study is the first official report to demon-
strate the therapeutic efficacy of selumetinib in NF1 adults
with PN.3® Most adult patients showed PR as well as mul-
tifaceted therapeutic benefits, including improvements
in neurocognitive functions, as observed in pediatric pa-
tients. The diverse clinical benefits of selumetinib are de-
picted as radar charts in Figure 4D. It is noteworthy that the
degree of improvement in PN volume reduction was more
remarkable in children than in adults, which suggests the
importance of early treatment to enhance the therapeutic
efficacy of selumetinib.

Regarding the pharmacokinetic properties of selumetinib
(Supplementary Table 13), C . was 30%-65% higher in
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our patients than in Caucasian patients, while AUC ..
was comparable or slightly higher than in Caucasians by
7%-17%. In contrast to previous studies,’®'?> we cannot
conclude that higher drug exposure is expected in Asian
populations. However, the increase in C__ and AUC_ ., .
suggests higher drug exposure in Korean or Asian patients
compared to Caucasian patients, which partially explains
the high rate of PR achievement of PN in Korean patients.
It is important to note that despite the higher C__ , no se-
rious adverse events were observed in our patients, and a
higher number of patients who received a higher dosage
of selumetinib (25 mg/m? q 12 hours in children and 50 mg
g 12 hours in adults) achieved PR. Therefore, it seems fea-
sible to adopt the same dosage of 25 mg/m?dose q 12
hours in Asian patients as well.

The limitations of our study should be addressed. As
our study has a single institutional design, the generaliz-
ability of its conclusion may be limited. Furthermore, as
a single-arm analysis, there was no control group avail-
able for comparison. The QoL scores might have been
influenced by the location and growth rate of PN, as well
as the degree of PN-related pain and the extent of PN re-
duction. Furthermore, the complete establishment of the
causal effect of selumetinib remains elusive due to the
lack of comprehensive endocrine and auxology studies
to ascertain the growth effect. Additionally, the reported
alleviation of café-au-lait spots with MEK inhibitors may
have been influenced by factors such as sun avoidance
or the inherent propensity for café-au-lait spots to fade
with age in post-pubertal patients. Finally, an optimal
dosage of selumetinib cannot be recommended because
no significant differences were observed among the dif-
ferent dosage groups in terms of safety and efficacy.
However, it is worth noting that a larger number of pa-
tients achieved PR with higher dosages. More studies are
required to investigate the pharmacokinetic properties
among various ethnic groups. Additionally, longer-term
evaluations are needed to compare the safety and effi-
cacy among different dosage groups, especially consid-
ering the current indication and activity of selumetinib
in NF1-related PN, rather than as a generic NF1 drug ad-
dressing multiple manifestations of the disease. As part
of an ongoing study, the gene and protein expression
profiles are being investigated to comprehend the mo-
lecular network that underlies the therapeutic effects of
selumetinib in NF1.

In conclusion, our phase Il trial of selumetinib on Korean
pediatric and adult patients with NF1 showed encouraging
results in reducing PN regardless of age. Importantly,
selumetinib demonstrated a wide range of beneficial ef-
fects on the systemic manifestations of NF1. Considering
its significant effectiveness in both children and adults with
NF1, continued and sustained treatment with selumetinib
should be considered along with safety monitoring.

Supplementary material

Supplementary material is available online at Neuro-
Oncology (https://academic.oup.com/neuro-oncology).
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