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• Summarize recently-updated NF1 diagnostic criteria and recognize hallmark features of NF1 clinical 
presentation and disease progression in pediatric patients.

• Review the genetic etiology and multisystem pathophysiology of NF1 as a tumor predisposition 
syndrome and emphasize the patient morbidity and traditional intractability of NF1-related 
plexiform neurofibromas (PNs).

• Evaluate completed, ongoing, and planned clinical trial data for MEK inhibitors and multi-receptor 
TKIs, including recent FDA-approved indications, in the management of NF1-associated tumors.

• Examine the toxicity profiles of approved and investigational NF1-targeted therapeutics, with 
emphasis on MEK inhibitors, and develop evidence-supported strategies to adaptively anticipate, 
mitigate, and manage adverse events.

• Use an interactive, patient-case–driven approach to elucidate the patient-facing role of the 
pediatric hem/onc nurse on the interprofessional NF1 treatment team, and identify real-world 
approaches to patient assessment, toxicity management, patient/family education, and establishing 
an emotional support infrastructure.

Learning Objectives

Presented by Creative Educational Concepts 

Supported through an independent educational grant from Alexion.  

Thank You
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What We Know
NF1 Natural History, Diagnostic Criteria, and 

Clinical Hallmarks in Pediatric Patients

Neurofibromatosis Type 1
Epidemiology and Genetic Etiology

• Incidence: 1 in 2,500–3,000 births
• Autosomal dominant

• Complete penetrance
• ~50% of cases are de novo
• High variable phenotype, even within 

families 
• Poorly understood genotype/phenotype 

correlation
• Gene (NF1) is on chromosome 17q11.2 and 

protein is neurofibromin 
• Tumor suppressor gene

• Molecular testing available
• Detects greater than 95% of mutations in 

individuals meeting NIH clinical criteria

Among the Most Common 
Single-gene Inherited Conditions
• Familial combined hyperlipidemia
• Familial hypercholesterolemia
• Adult polycystic kidney disease
• Multiple exostoses
• Huntington’s disease
• Fragile X-syndrome
• Neurofibromatosis
• Cystic fibrosis
• Duchenne muscular dystrophy

Korf BR, Bebin EM. Pediatr Rev. 2017; Korf BR. Handb Clin Neurol. 2013. 
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• Cloned in 1990
• Encodes neurofibromin
• Operates as a GTPase-activating 

protein that negatively 
regulates RAS pathway

• Loss of function leads to 
increased RAS signaling
• Uncontrolled cellular proliferation 

(tumorigenesis)

• Tumor suppressor gene

NF1 Gene

Gutmann DH, et al. Nat Rev Dis Primers. 2017; Messiaen LM, et al. Hum Mutat. 2000. 

Spectrum of NF1 Pathogenic Variants 

Missense
18%

Nonsense
21%

Frameshift
26%

Intragenic CNV
2%

Splice
27%

Whole gene deletion
5%

Complex
1%

Messiaen LM, et al. Hum Mutat. 2000.

• Upward of 3,000 distinct pathogenic 
variants

• Pathogenic variants are evenly 
distributed throughout the gene 

• Most lead to loss of function
• Genetic testing available

• Resolve diagnosis
• Genetic counseling

• Limited genotype-phenotype 
correlations
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Legius E, et al. Genet Med. 2021.

A. The diagnostic criteria for NF1 are met in an individual who does not have a parent diagnosed with NF1 if two or 
more of the following are present
• Six or more café-au-lait-macules over 5 mm in greatest diameter in prepubertal individuals and over 15 mm in greatest diameter 

in postpubertal individuals
• Freckling in axillary or inguinal region
• Two or more neurofibroma tumors of any type or one plexiform neurofibroma
• Optic pathway glioma 
• Two or more iris Lisch nodules identified by slit lamp examination or two or more choroidal abnormalities defined as bright, 

patchy nodules imaged by optical coherence tomography (OCT)/near-infrared reflectance (NIR) imaging
• A distinctive osseous lesion, such as sphenoid dysplasia; anterolateral bowing of tibia (tibial dysplasia); or pseudarthrosis of a 

long bone
• A heterozygous pathogenic NF1 variant with a variant allele fraction of 50% in apparently normal tissue, such as white blood 

cells
B. A child of a parent who meets the diagnostic criteria specified in A merits a diagnosis of NF1 if one or more of the 

criteria in A are present 
*If only CALM and freckling are present, the diagnosis is most likely NF1 but, exceptionally, the person might have another diagnosis, 
such as Legius syndrome. 
*At least one of the two pigmentary findings (café-au-lait macules or freckling) should be bilateral.  
*Sphenoid wing dysplasia is not a separate criterion in case of an ipsilateral orbital plexiform neurofibroma.

Neurofibromatosis Type 1
Revised Diagnostic Criteria

Legius E, et al. Genet Med. 2021.

≥2 criteria in A are diagnostic in an individual who does not have a parent with NF1 

A.   Café-au-lait spots* 6 or more >5 mm pre-pubertal, >15 mm post-pubertal

Skin-fold freckles* Axillary or inguinal region

Neurofibromas >2 solitary; 1 plexiform

Lisch nodules
Choroidal abnormalities

2 or more; require slit lamp to visualize; or 
2 or more; bright, patchy nodules imaged by OCT/NIR

Optic pathway glioma Orbital and/or chiasmatic

Distinctive osseous lesion Sphenoid or tibial dysplasia; pseudarthrosis of long bone

Pathogenic NF1 variant Heterozygous pathogenic NF1 variant with a variant allele 
fraction of 50% in apparently normal tissue such as WBCs

B.   Affected parent A child of a parent with NF1 merits a diagnosis of NF1 if 1 
or more of the criteria in A are present

Neurofibromatosis Type 1
Revised Diagnostic Criteria
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NF1: One Gene, Many Symptoms 
Multifaceted Clinical Presentation

Korf BR. Handb Clin Neurol. 2013; Gorelyshev S, et al. In: Textbook of Pediatric Neurosurgery. 2020; Kinori M, et al. Surv Ophthalmol. 2018.

Skin: café-au-lait spots, cutaneous 
neurofibromas, freckling (armpits, 
groin, under breasts), itching

GI: abdominal pain, vomiting, 
chronic constipation, chronic 
diarrhea

Plexiform neurofibroma: often 
multiple, precursor for more 
aggressive tumors 

Malignancy: increased risk of 
breast cancer <50 years old; 
leukemia, GIST, MPNST, 
pheochromocytoma

CNS: seizures, headaches, brain 
tumors, cerebrovascular dysplasia 
(moyamoya), learning disabilities, 
developmental delays, decreased 
IQ, social skills issues, macrocephaly

Eyes: visual impairment/blindness, 
optic glioma, Lisch nodules, 
glaucoma

Bone: pseudarthrosis, other bony 
abnormalities, scoliosis, short 
stature

Kidneys: renal artery stenosis, 
hypertension

What to Expect and When
NF1 Natural History

Gutmann DH, et al. Nat Rev Dis Primers. 2017; Miller DT, et al. Pediatrics. 2019.

• Learning deficits
• ADHD or ASD
• Motor and/or speech delays

• Learning deficits
• ADHD or ASD
• Motor and/or speech delays

Optic pathway gliomaOptic pathway glioma

• Skinfold freckling• Skinfold freckling

CALMsCALMs

• Sphenoid wing dysplasia
• Tibial dysplasia
• Pseudarthrosis

• Sphenoid wing dysplasia
• Tibial dysplasia
• Pseudarthrosis

Plexiform neurofibromaPlexiform neurofibroma

ScoliosisScoliosis

• Dermal neurofibroma
• Paraspinal neurofibroma
• Dermal neurofibroma
• Paraspinal neurofibroma

Brainstem gliomaBrainstem glioma

• Lisch nodules/choroidal 
abnormalities

• Lisch nodules/choroidal 
abnormalities

• MPNST*
• Breast cancer
• High-grade glioma
• Pheochromocytoma
• Ovarian carcinoma
• Melanoma

• MPNST*
• Breast cancer
• High-grade glioma
• Pheochromocytoma
• Ovarian carcinoma
• Melanoma

Pigmentary lesions
Neurofibromas
Skeletal abnormalities
Learning, cognitive, and social deficits
Malignancies
Low-grade tumors

Birth Infancy Early childhood Adolescence Adulthood
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Tumor Predisposition Syndrome
Benign Findings

• Neurofibromas = benign peripheral nerve sheath tumors
•  NF1 LOH in Schwann cells

• Cutaneous neurofibromas, >95%
• Soft, fleshy, sessile or pedunculated tumors
• Pruritic

• Plexiform neurofibromas, ~60%
• Major cause of morbidity and disfigurement

• Nodular neurofibromas (premalignant)
• Discrete lesions under the skin or deeper tissues
• Increased cellularity, nuclear atypia, mitotic activity atypical 

neurofibromatous neoplasms of uncertain biologic potential 
(ANNUBP)

• Paraspinal neurofibromas
• Glomus tumor

• Tips of the fingers and toes under the nail bed painful

Gross AM, et al. N Engl J Med. 2020; Akshintala S, et al. Neuro Oncol. 2020; 
Well L, et al. Scientific Reports. 2021; George C, et al. BMJ. 2016; Allaway RJ, et al. Brit J Canc. 2018.  

• Increased risk of malignancy
• Overall risk 2%–10%
• RR = 4–6
• Significantly lower 5-year disease specific survival (DSS)
• Earlier age of onset

• Malignant peripheral nerve sheath tumor (MPNST) (8%–15%)
• 33.88 vs 47.06 years

• CNS gliomas
• Low-grade glioma (20%): 12.98 vs 37.76 years
• High-grade glioma (2%–3%): 27.31 vs 58.42 years

• Breast cancer: 46.61 vs 61.71 years
• Juvenile myelomonocytic leukemia (JMML)
• Rhabdomyosarcoma, osteosarcoma, gastrointestinal stromal tumor
• Pheochromocytoma and neuroendocrine tumors (NET)
• Ovarian carcinoma 

Tumor Predisposition Syndrome
Malignancy Risk

Landry JP, et al. JAMA Netw Open. 2021; Korf BR. Handb Clin Neurol. 2013; Korf BR, et al. Pediatr Rev. 2017; 
Howell S, et al. Breast Cancer (Dove Med Press). 2017; Campian J, Gutmann DH. J Clin Oncol. 2017; Flotho C, et al. Oncogene. 2007. 

5-year DSS
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NF1-associated Malignancy
A Closer Look

Cancers that are more common 
in people with NF1

Cancers occurring at a younger 
age in people with NF1

Cancers that appear to be more 
deadly in people with NF1

• Glioma (low- and high-grade)
• Sarcoma (many types)
• Breast cancer
• Endocrine cancers (including 

pheochromocytoma and 
neuroendocrine tumors)

• Melanoma
• Acute lymphoblastic leukemia
• Ovarian cancer
• Prostate cancer
• Meningioma

• Low-grade glioma
• High-grade glioma
• MPNST
• Breast cancer

• Undifferentiated pleomorphic 
sarcoma

• High-grade glioma
• MPNST
• Ovarian cancer
• Melanoma

National Cancer Institute (NCI). Cancer Currents Blog. April 20, 2021; Landry JP, et al. JAMA Netw Open. 2021.

Spectrum of NF1 Nerve Sheath Tumors
Cutaneous (dermal) Neurofibromas 

≥95%
Plexiform (PN)

40%–60%
Atypical (ANF)

Unknown
MPNST 
8%–13%

Disfigurement, pruritus, pain Appearance, pain, function loss  Malignant transformation

Loss of NF1 + CDKN2A +  PRC2, P53, others

Korf BR, Bebin EM. Pediatr Rev. 2017; Korf BR. Handb Clin Neurol. 2013; Kim A, et al. Sarcoma. 2017.

21

22



Plexiform Neurofibromas

Klesse LJ, et al. Oncologist. 2020; Kim A, et al. Sarcoma. 2017; Korf BR. In: Advances in Neurofibromatosis Research. 2012.

• Histologically benign
• Complex—involve multiple nerve fascicles/ 

branches
• Schwann cells, fibroblasts, mast cells, highly 

vascular
• Slow but inexorable growth, large size, complex 

shape
• Disfigurement, pain, functional impairment or 

loss of function, can be life-threatening 
• Transformation to malignant peripheral nerve 

sheath tumor (MPNST) (8%–13%)
• Medical treatment may reduce morbidity and 

prevent MPNST

3 years 5 years

3 years 5 years

Plexiform Neurofibromas Are Often Associated
with Progressive Morbidity

Age 3 years (upper panels) 

Age 14 years (lower panels)

• 41 patients (median age 8 years)/57 pNF 

• 40 tumors had associated morbidity at baseline

• 50% worsened over time: symptoms associated 
with >tumor volume and faster growth rate

Gross AM, et al. Neuro Oncol. 2018. 
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• Surgery
• Usually involve multiple nerve fascicles, with serpiginous growth and 

significant vascularity
• Invested within nerve: preserving nerve function means incomplete 

resection, and incomplete resection = shorter interval to progression
• Complete resection achieved in only ~15% of cases

• Radiation therapy has unknown benefit and is associated with 
increased risk of remote malignancy
• 2.8-fold higher risk of secondary neoplasm in patients with 

irradiated NF1 (P=0.009) 
• Non-surgical management

• Surveillance and management of symptoms
• Radiation avoided given loss of tumor suppressor gene
• Drug therapy

• Approved = selumetinib for symptomatic, inoperable PNs
• Peds patients 2 years and older

• Multiple experimental and off-label

Current Treatment Landscape for PN

Ellison D. Neuropathology: A Reference Text of CNS Pathology. 2003; 
Penkert G. In: Focal Peripheral Neuropathies. 2015; Bhatia S, et al. J Clin Oncol. 2019;

Needle MN, et al. J Pediatr. 1997; Gross AM, et al. Childs Nerv Syst. 2020; FDA Prescribing Information.

What We’re Learning
Renewing Patient Horizons with Targeted 

Therapeutics in NF1-associated Tumors
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• Genetic syndrome mutation in NF1 underlying clinical 
manifestations and sequelae

• Tumor predisposition syndrome
• Lifelong “benign” tumor burden
• Increased risk of malignancy

• Increasing understanding in the pathogenesis of NF1 and 
pipeline of targeted drugs  new trials and therapies 
are being developed for patients with NF1

NF1 in the Era of Precision Medicine

Korf BR. Handb Clin Neurol. 2013; Korf BR, et al. Pediatr Rev. 2017; 
Howell S, et al. Breast Cancer (Dove Med Press). 2017; Campian J, Gutmann DH. J Clin Oncol. 2017; Flotho C, et al. Oncogene. 2007. 

Patient Case 1

A 7-year-old girl with NF1 was diagnosed at 2 years of age with 
right brachial plexus plexiform neurofibroma. There is evidence 
of tumor growth clinically and on imaging but no signs of 
transformation.
• Now with pain requiring gabapentin
• Increasingly decreased mobility—

now unable to raise arms; holds 
head slightly to left

Image courtesy of Dr. AeRang Kim.
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Treatment Targets in NF1 Growth factor

Neurofibromin
(GTPase-Activating Protein)

GTP GDP

Farnesylated RAS

Cytoskeleton

Rac

Rho

Raf

MEK

ERK

Proliferation

PI3K

AKT

Survival

Tipifarnib

Sorafenib
Cediranib

Peg-Interferon Alpha 2b

Imatinib
Cabozantinib

Binimetinib
Mirdametinib
Selumetinib
Trametinib

Cobimetinib

Sirolimus

C-kit, Mast cells

Angiogenesis

mTOR

Gutmann DH, et al. Nat Rev Dis Primers. 2017; Asati V, et al. Eur J Med Chem. 2016. 

Phase II Drug Studies for Progressive PN

Only 2 of 175 patients with confirmed 
partial response (both on pegylated 

interferon alfa 2b study)

Weiss BS, et al. Neuro Oncol. 2015; Widemann BC, et al. Neurol Oncol. 2014; 
Jakacki RI, et al. Neuro Oncol. 2017; Widemann BC, et al. Pediatr Blood Cancer. 2014.
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Phase I Trial of Selumetinib

Dombi E, et al. N Engl J Med. 2016.

• Anecdotal clinical benefit but no prospective functional measures in this study

Baseline Cycle 5 Cycle 10

• MEK inhibitor, taken twice daily on a continuous dosing schedule
• Primary objective: define the maximum tolerated dose (MTD) of 

selumetinib for pediatric patients with inoperable PN
• First treatment to show shrinkage of plexiform neurofibromas in 

NF1
• Partial response in 17/24 patients

• Primary objective: overall response rate
• Key secondary objectives: functional and patient 

reported outcomes
• Results

• Confirmed partial response 34/50 (68%) patients
• Clinical benefit with improvement in pain and function

Phase 2 Trial
Selumetinib in Children with NF1 PN 

86% improvement 72% improvement

Gross AM, et al. Neuro Oncol. 2018; Gross AM, et al. N Engl J Med. 2020.

Baseline Pre-Cycle 13 Pre-Cycle 37
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SPRINT External Control NF1 Natural History Study

3-year follow-up: 84% PFS in 
selumetinib arm vs 15% in 
natural history arm 

Gross AM, et al. N Engl J Med. 2020.

Age matched control: NCI Natural history and selumetinib

Median PFS Natural 
History 1.3 years

NRS-11 Self-report of Tumor Pain Intensity

• Includes 5 patients’ ratings of 0 (no pain) at baseline
• Excludes 2 patients with only baseline ratings

n=31 n=31

P=0.0017    P=0.0003 P<0.0001  P<0.0001P=0.0017        P=0.0003 P<0.0001       P<0.0001

• By pre-cycle 13, 52% of NRS-11 tumor pain intensity ratings 
decreased ≥2 points 

Slide courtesy of Dr. Pamela Wolters; Gross AM, et al. N Engl J Med. 2020.
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NF1 Regulatory Approvals
Selumetinib

April 10, 2020
“The Food and Drug Administration (FDA) approved 
selumetinib for the treatment of pediatric patients 
2 years of age and older with neurofibromatosis 
type 1 (NF1) who have symptomatic, inoperable 
plexiform neurofibromas (PN).” 

June 22, 2021
European Medicines Agency (EMA) grants 
conditional approval for selumetinib in the 
European Union for same NF1 indication, except in 
pediatric patients 3 years and older.  

FDA Prescribing Information; FDA Press Release, April 10, 2020; EMA Summary of Product Characteristics, June 2021.

• Eligibility: ≥16 years old with NF1 PN
• Dosing: 2 mg/m2/dose (max 4 

mg/dose) PO BID 4-week courses (3 
weeks on/1 week off)

• Response: 8/19 PR (42%)
• Most common AEs

• Acneiform rash (94.7%), fatigue 
(57.9%), and nausea (52.6%)

Phase II Study of Mirdametinib
(PD-0325901)

Mirdametinib

Best Response to Mirdametinib

Weiss B, et al. J Clin Oncol. 2021.
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Trametinib

• Phase 1/2a, open-label, study of pediatric glioma and PN
• Plexiform neurofibroma (N=26)

• ORR = 46%
• 12/26 patients achieved PR, defined as PN volume reduction ≥20%

• 46% partial response (PR); 54% stable disease (SD)
• 10/12 partial responses were ongoing (durable) at time of data cutoff

• Treatment-related adverse events (TRAEs) were observed in 
90% of patients, but only 1 patient discontinued treatment

• Most common toxicities
• Paronychia (50%)
• Rash (40%)

McCowage GB, et al. J Clin Oncol. 2018; ClinicalTrials.gov. 

Phase 2 Trial of Binimetinib for Plexiform Neurofibromas
• Primary endpoint: tumor response by volume (≥20% reduction) by 12 courses
• Secondary endpoints: patient-reported outcomes, functional endpoints 
• Eligibility: children 1 year to 17 years of age (closed to enrollment)

• With progressive or symptomatic PNs

• Dose: 32 mg/m2 twice daily
• Results

• 14/20 subjects (70%) had a PR
• 11/14 achieved PR by course 5
• Median maximal PN volume reduction = 25.5%

Binimetinib

Course 1–4 Course 5–8 Course 9–12 Course 13–18 Course 19–24

Evaluation Evaluation Evaluation Evaluation Evaluation

Taken off 
therapy if <20% 

tumor 
reduction

Off therapy

Mueller S, et al. ISPNO. 2020. Abstract NFB-17.
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Phase 2 Trial of Cabozantinib 
Multiple RTK inhibitor: MET, VEGFR2, c-KIT, RET

• Eligibility: ≥16 years old with 
progressive or symptomatic 
inoperable NF1-related PN

• Dosing: 60 mg PO once daily (40 
mg for first 2 cycles)

• Response: 8/19 PR (42.1%)
• Most Common AEs: 

gastrointestinal, asymptomatic 
hypothyroidism, fatigue, palmar 
plantar erythrodysesthesia

Cabozantinib Has Activity in NF1 PN

Fisher MJ, et al. Nat Med. 2021.

Additional MEKi Trials to Consider
Plexiform Neurofibromas

Solares I, et al. ESMO Open. 2021; ClinicalTrials.gov.

Trial Drug Study Phase Population
NCT04924608 
(KOMET) Selumetinib III Adults with NF1-associated symptomatic, inoperable PNs

NCT03326388 
(INSPECT) Selumetinib I/II Intermittent dosing for NF1-related tumors in pediatric patients

NCT05309668
(SPRINKLE) Selumetinib I/II Granule formulation for NF1-related PNs in children 1–7 years old

NCT03962543 
(ReNeu) Mirdametinib IIb NF1-related PNs in patients ≥2 years old

NCT03363217 Trametinib II Pediatric patients with progressive/refractory NF1-related PNs

NCT03741101 
(plexifpc) Trametinib II Patients 1–18 years old with NF1-related PNs suspicious for severe 

manifestations

NCT02285439 Binimetinib II Patients 1–18 years old with NF1-related tumors of any kind other than 
low-grade glioma

• Other notable strategies being evaluated: NF1-related PN prevention studies with selumetinib, MEK inhibitor 
combinatorial regimens
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Additional MEKi Trials to Consider
Other NF1-Related Tumors (non-PN)

ClinicalTrials.gov.

Tumor Type Drug Population NCT

LGG Selumetinib 
vs carboplatin/VCR

Newly diagnosed/ 
previously untreated 03871257

LGG Trametinib/everolimus Recurrent 04485559 (PNOC021)

JMML Trametinib Rel/Refractory 03190915

MPNST Selumetinib/sirolimus Rel/Refractory 03433183 (SARC031)

MPNST Selumetinib/AZD5153/ 
durvalumab Rel/Refractory 05253131*

*Not yet recruiting

Selumetinib in Children with Recurrent 
or Refractory Low-grade Glioma—PBTC-029

• Stratum 3 (of 6) was for NF1 
progressive or recurrent LGG

• 25 eligible and evaluable patients
• Given selumetinib 25 mg/m2 twice 

daily
• 10 patients (40%) achieved 

sustained PR
• At a median follow-up of 48.6 

months, 17 patients had not 
progressed

Fangusaro JR, et al. Lancet Oncol. 2019.
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Patient Case 1 
7-year-old with Inoperable Brachial Plexus PN

The patient is enrolled on selumetinib trial.
• Improvement in pain scores; able to           

discontinue gabapentin
• Improvement in mobility
• Partial decrease in size

How long should patients remain on 
therapy?

What are the side effects?

• Side effects
• Paronychia
• Rash
• Weight gain

• Trial off therapy
• i.e., “drug holiday”

• Regrowth of tumor
• Continuous drug needed for 

sustained response

FDA Prescribing Information; Dombi E, et al. N Engl J Med. 2016.

Patient Case 1 
7-year-old with Inoperable Brachial Plexus PN
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How We Change the Future
Patient-centric MEK Inhibitor Management 
Strategies for the Pediatric Hem/Onc Nurse

Management 
of MEK Inhibitor–associated Toxicities
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MEK Inhibitor Toxicities
Most Common, Stratified by Age

In younger patients, symptoms 
may include:
• Mild rash (eczematous in 

those prone)
• Some paronychia
• Hypotonia/muscle weakness
• Retinal damage 

In adolescents, symptoms may 
include:
• Acneiform rash
• Paronychia
• Weight gain
• Fatigue
• Gastrointestinal problems

Klesse L, et al. Oncologist. 2020; Weiss BD, et al. J Clin Oncol. 2021; McCowage GB, et al. J Clin Oncol. 2018; 
Dombi E, et al. N Engl J Med. 2016; Gross AM, et al. N Engl J Med. 2020; Eroglu Z, et al. Br J Cancer. 2015; Fangusaro J, et al. Lancet Oncol. 2019.

Skin Toxicities

• Rash: acneiform, eczematous
• Paronychia
• Palmar plantar erythrodysesthesia (PPE)

• Also known as “hand-foot syndrome”
• Folliculitis/infection
• Most common cause for MEKi dose modifications

• 25%–40% of patients in pediatric trials

Klesse L, et al. Oncologist. 2020.
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Acne
• For pubertal/post-pubertal patients 

starting a MEK inhibitor, recommend a 
prescription for topical clindamycin 2% 
lotion to apply twice daily in the event 
acne appears

• Low threshold for prescribing oral 
doxycycline 1–2 times a day in 
combination with topical clindamycin 2% 
lotion
• Consider amoxicillin instead of doxycycline 

in patients <8 years old 
• Can change to minocycline if insufficient 

response to doxycycline
Klesse L, et al. Oncologist. 2020; Anforth R, et al. Australas J Dermatol. 2014.

Acne

Topical Treatment Options
• Clindamycin 1% or 2% lotion
• Hydrocortisone 1% or 2.5% cream to acne on 

face twice daily and triamcinolone to acne on 
other parts of the body twice daily

• Benzoyl peroxide 4%–5% washes of affected 
area daily

• Non-comedogenic moisturizer, such as CeraVe 
cream (dry skin from other topical therapies)

• Bleach baths 3–4 times a week with ¼–½ cup 
of bleach in a full bathtub, or 1 tsp/gallon (5–
10-minute bath)

• Consider dermatology referral

Klesse L, et al. Oncologist. 2020; Anforth R, et al. Australas J Dermatol. 2014.

Mild

Severe

Acneiform Rash
Twice daily application of 
clindamycin 2% lotion and 
hydrocortisone 1% lotion

Add
≥8 years old: doxycycline
<8 years old: amoxicillin

Treat at least 4 weeks and 
as long as symptomatic

Consult dermatology 
and/or consider drug hold
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Palmar-plantar Erythrodysesthesia (PPE)

• Cracked, flaking, or peeling 
skin

• Blisters, ulcers, or sores on 
the skin

• Tender or sensitive to touch
• Thick calluses and blisters on 

the palms of hands and soles 
of feet

Klesse L, et al. Oncologist. 2020; Farr KP, Safwat A. Case Rep Oncol. 2011.

Palmar-plantar Erythrodysesthesia (PPE)
• Limit use of hot water, use ice packs or 

cool running water for 15–20 minutes at 
a time; avoid applying ice directly on the 
skin

• Use urea 10% or 20% and clobetasol 
0.05% creams

• Avoid activities that cause excessive 
rubbing or friction of the hands and feet 

• Wear loose-fitting clothing, well-
ventilated shoes

Klesse L, et al. Oncologist. 2020. 

Mild

Severe

Hand Foot
Moisturize 3 times a day and 

minimize friction/pressure

Add
Urea 10% cream 3 times a day

Add
Clobetasol propionate 0.05% 

foam twice daily and oral 
analgesics as necessary

Consult dermatology and/or 
consider drug hold
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Paronychia

• Anticipate: at first sign of redness or 
pain, begin soaks in warm water for 
10–15 minutes, 3–4 times a day

• Also consider
• Vinegar soaks (ratio: 4 cups water to 1 

cup 5% white vinegar) for 15–20 
minutes nightly

• Antiseptic soaks with chlorhexidine  

Klesse L, et al. Oncologist. 2020; Martinez-de-Espronceda I, et al. Dermatol Ther. 2020.

Paronychia
• Apply topical mupirocin 2% ointment 

followed by triamcinolone 0.1% ointment 
or fluocinonide 0.05% to affected areas 
twice daily for up to 1–2 weeks after 
soaks

• Apply flurandrenolide 4 mcg/sq cm tape 
to affected areas nightly; wrap around 
the affected toe

• Try a course of oral clindamycin 
• If allergy, can try first-generation 

cephalosporin
• Referral to podiatry/dermatology

Klesse L, et al. Oncologist. 2020.

Mild

Severe

Paronychia
Gentle nail care with 

moisturizer and antiseptic 
soaks with chlorhexidine 

10–15 min, 3–4 times/day

Add
Mupirocin and fluocinonide 

0.05%; apply after each 
antiseptic soak

Consult dermatology 
and/or consider drug hold
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Eczematous Rash
• Moisturize twice daily with cream or 

ointment (not lotion), even if skin is not 
flaring 

• Should be applied within 2 minutes of 
getting out of bath/shower

• Apply hydrocortisone 2.5% or triamcinolone 
0.1% ointment or cream twice daily to 
affected areas for up to 2 weeks

• Limit bathing to less than 10 minutes in 
warm (not hot) water

• Use gentle, non-fragrant soap, such as 
Dove’s sensitive skin or fragrance-free soaps

Klesse L, et al. Oncologist. 2020.

Mild

Severe

Eczematous Rash
Twice daily application of 
hydrocortisone 2.5% or 

pimercrolimus

Switch to
Twice daily application of 

triamcinolone 0.1%

Consult dermatology 
and/or consider drug hold

Dry, Flaky Scalp

• Hair washed daily
• Ketoconazole 2% shampoo
• Selenium-based shampoo

• Pustules/acneiform lesions on the scalp
• Add clindamycin phosphate 1% lotion, if needed; apply to the 

involved portions of the scalp twice daily

Klesse L, et al. Oncologist. 2020.
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Gastrointestinal

• Nausea/vomiting: usually transient, ondansetron if 
needed

• Abdominal pain/cramping
• Diarrhea: loperamide PRN
• Weight loss/weight gain: routine monitoring

Klesse L, et al. Oncologist. 2020.

Other Relevant MEKi Toxicities
Monitoring Recommendations

• Cardiac
• Decreased LVEF

• Ophthalmic toxicity
• Dry eye, periorbital edema, 

retinopathy, among others
• Proteinuria
• Fluid retention/dependent   

edema
• Creatine kinase (CPK) elevation

• If asymptomatic, tolerate higher 
level

• Elevated amylase and lipase
Klesse L, et al. Oncologist. 2020.

Examination Frequency

Physical examination with vitals At therapy start and then monthly

Skin examination At therapy start and then monthly

Laboratory evaluation At therapy start and then monthly

Echocardiogram At start, after 1 month, and then 
every 3–6 months

MRI evaluation of the affected 
area At start and then every 3–6 months

Ophthalmology evaluation At start, after 1 month, and then 
every 3–6 months

Laboratory evaluation to include complete blood count, creatinine kinase; 
metabolic panel to include electrolytes, creatinine, glucose, and aspartate 
aminotransferase/alanine aminotransferase. 
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Patient Case 2
MEK-induced Acneiform Rash 

A 14-year-old male treated with selumetinib for a left neck PN 
develops an acneiform rash on his face and chest 2 weeks after 
starting treatment.

What anticipatory guidance can you offer prior to starting therapy 
with a MEK inhibitor?

What would be your first-line topical treatment?

When would you refer to dermatology?

Patient Case 3
A 6-year-old Soccer Player with Right Arm PN

A 6-year-old female with a right arm plexiform is seen by 
your team to discuss initiating therapy with a MEK inhibitor. 
She plays soccer and her parents ask if there will be any 
restrictions to consider while on therapy.

What specific side effect is she at higher risk of developing?  

What recommendations do you have for the family regarding 
skin assessment and preventive skin care?
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Patient Case 4
The patient is a 3-year-old boy with NF1 extensive paraspinal PN and 
abdominal/pelvic PN with other NF1 sequelae with significant cervical 
cord compression.

Images courtesy of Dr. AeRang Kim.

Extensive paraspinal PN but with cervical spine cord 
compression

How urgent is it to shrink the tumor?
C5-T1 laminectomy for resection to alleviate cord 

compression

Patient Case 4
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Extensive paraspinal PN but with cervical spine cord 
compression

How urgent is it to shrink the tumor?
C5-T1 laminectomy for resection to alleviate cord 

compression
Young patient with large PN burden

• Subsequent imaging demonstrates progressive disease
• Impending significant morbidity
• Functional deficit (decreased mobility, scoliosis)

Patient Case 4

Candidate for 
MEK therapy?

Multiple MEKi Available or In Development

Selumetinib* Trametinib Mirdametinib Binimetinib Cobimetinib

Formulation Capsules Tablet (suspension as 
compassionate use)

Capsules/liquid Tablet
(pharmacy prep 
suspension)

Tablet

Indication FDA approved for ≥2 
years old for NF1 and 
symptomatic PN; adult 
studies ongoing

Phase 2; 46% with 
ORR

Phase 2, >15 years 
old, completed with 
42% ORR; peds 
studies ongoing

Pediatric and adult 
studies ongoing

No

*Currently only selumetinib is FDA approved for this indication
• Dose is 25 mg/m2 PO twice daily on empty stomach
• Granule formulation underway

FDA Prescribing information; McCowage GB, et al. J Clin Oncol. 2018; Weiss B, et al. J Clin Oncol. 2021; de Blank PMK, et al. Neuro Oncol. 2022.
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A. Echocardiogram
—baseline and then every 3–6 months

B. Ophthalmology exam
—baseline and then every 3–6 months

C. Routine laboratory assessments
—CBC, CMP, CPK at baseline, then monthly, then expand out 

D. Routine imaging assessments
—baseline and every 6 months

E. All the above

F. None of the above

What standard assessments should be 
evaluated while treating with MEKi?

Klesse L, et al. Oncologist. 2020.

It is important to conduct vitals and skin examinations on a routine basis 
throughout treatment.

The patient is a 16-year-old female with NF1 and large diffuse plexiform 
neurofibroma of the left buttock/pelvis.
The tumor has been progressive on imaging over the last several years, 
and now is causing significant disfigurement and difficulty with clothing 
(no pain, weakness, or neurologic deficits).

Patient Case  5
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• FDA labeling for selumetinib
• Indicated for the treatment of pediatric patients with NF1 who are 2 years of age 

and older and have symptomatic, inoperable plexiform neurofibromas
• 25 mg/m2 twice daily on empty stomach (no food 2 hours before, 1 hour after)

• Available in 10 mg and 25 mg capsules
• Functional dose range is 30–100 mg/day 

• Increased plasma drug concentrations with concomitant strong CYP3A4 
inhibitors (and reduced concentrations with concomitant CYP3A4 inducers)

• Contains vitamin E; concomitant vitamin E supplement is not recommended
• Consider financial toxicity concerns and other barriers to patient access

Real-life Prescribing of MEK Inhibitors
for NF1-associated Tumors

FDA Prescribing Information.

• An integrated, collaborative treatment approach is imperative in 
NF1

• (Pediatric) Oncologist
• (Pediatric) Oncology nurse
• Pharmacist
• (Pediatric) Neurologist/neurosurgeon
• APRN/PA
• Clinical geneticist
• Radiologist
• Primary care team/pediatricians

Multidisciplinary Management of NF1
The Critical Need for Collaboration
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• First clinical point of contact for patient and family
• Education prior to starting drug, including how to take drug, expected side 

effects and management of side effects, expected outcomes, and expected 
timeline for treatment response

• Follow-up and frequent communication while on drug to ensure
• Drug taken appropriately (with regard to food); medication adherence
• Toxicity mitigation and identification
• Provision of support infrastructure

• Monitoring toxicity and managing side effects
• Emotional support for patient and family while taking drug and during 

evaluation time points

Role of the Pediatric Oncology Nurse

Patient Case 5 (…continued)
One week after starting drug, despite compliance with preventative 
recommendations, patient reported side effect of acneiform rash causing her to 
miss school due to pain and appearance.

She was started on topical agents to manage rash and continued on the drug.

Evaluation at 3 months revealed: 
• Stable MRI; no volumetric reduction
• Ophthalmology evaluation unremarkable
• Normal echocardiogram
• Lab work and vitals WNL
• Self-report of mild GI upset and fatigue that were manageable 
• Physical exam reveals ongoing and progressive rash
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Frequent communication and routine reinforcement of 
evidence-based expectations is crucial. 
• Key expectations

• Toxicities (mild vs severe), most common toxicities
• Prevention and symptomatic management
• Effects of drug and adverse reactions on QoL
• Longitudinal monitoring plan
• Potential benefits/timeline of tumor response

Management Considerations
Communication and Expectation

Klesse L, et al. Oncologist. 2020.

• MEK inhibitors are a novel treatment for NF1-associated tumors 
• Overall MEK inhibitors in pediatric patients are well tolerated but 

there can be both mild and severe side effects (age-related)
• Treatment can only be effective if patients remain on drug
• Benefits of MEK inhibitors can take many months to notice while 

side effects occur typically within a few weeks
• To maximize drug therapy, tolerance-appropriate management of 

toxicities is critical 

Management Considerations
Embracing Novelty

Klesse L, et al. Oncologist. 2020; Weiss B, et al. Neuro Oncol. 2018; McCowage GB, et al. J Clin Oncol. 2018; Dombi E, et al. N Engl J Med. 2016; 
Gross AM, et al. N Engl J Med. 2020; Eroglu Z, et al. Br J Cancer. 2015; Fangusaro J, et al. Lancet Oncol. 2019.
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