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Types of cNF Treatment

Procedural
• Surgical

• Electrodessication
• Laser-based (e.g., laser 

photocoagulation, CO2 
laser)

• Radiofrequency ablation
• Photodynamic therapy

Experimental Drugs
• Ketotifen

• Rapamycin (topical)
• Ranibizumab

• Imiquimod 5% cream 
(topical)

• Selumetinib

• Everolimus

• Diclofenac
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Procedural

cNF Treatment
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Electrodessication
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Laser-based treatment
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Radiofrequency ablation
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Photodynamic therapy
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Procedural Treatment Synopsis
• Target lesion types treated range from flat to 

pedunculated
• Mainly adults and some adolescents studied
• Outcome measures are mainly satisfaction 

scales (scar scale, pain scale) within 6mo of tx
– Generally high patient satisfaction reported
– Long-term satisfaction in unknown

• Multiple sessions are required, general 
anesthesia may be necessary
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Experimental Drugs

cNF Treatment



“A controlled multiphase trial of ketotifen to
minimize neurofibroma-associated pain and itching”

• Drug (target): Ketotifen (Histamine H1 Receptor (mast cells))
• # Participants: 52 total
• Age: ??
• Design: Open-label protocol involving 25 patients with relatively 

severe symptoms, double-blind protocol involving 27 patients with 
either relatively mild or severe neurofibroma-associated symptoms

• Outcome Measure: PRO severity scales (1-10) for itching, pain, and 
tenderness associated with neurofibromas

• Results: …
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• Severity was lower 
during ketotifen
treatment compared to 
pre- and post-treatment

• Would not meet rigorous 
standards of modern 
clinical trials
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“Topical Rapamycin Therapy to Alleviate Cutaneous 
Manifestations of Tuberous Sclerosis Complex (TSC) 

and Neurofibromatosis I (NF1) (Phase 1)”

• Drug (target): Topical Rapamycin (mTOR)

• # Participants: 28 total

• Age: ≥13y

• Design: Topical treatment of affected area with a placebo, 1% 
rapamycin, or 5% rapamycin for 6 months

• Outcome Measure: 
– Primary: Rapamycin level, CBC, total cholesterol, dermatologic sensitivity at site 

of application (pain, erythema, edema, pruritis)

– Secondary: Reduction in lesion size and appearance (photography and simple 
PRO: better, no change, worse) 

• Results: Study completed but cNF data not published. Dr. Koenig 
has stated that there is “no obvious difference” like has been the 
case for rapamycin treatment of TSC
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“Ranibizumab for Neurofibromas Associated 
With Neurofibromatosis 1 (Early phase 1)”

• Drug (target): Ranibizumab (VEGF)
• # Participants: 11 total
• Age: ≥18y
• Design: one injection of ranibizumab into 3 raised cNFs and saline 

in 1 cNF, monitored over 2 years 
• Outcome Measure: 

– Primary: cNF volume measured by caliper and tumor interstitial fluid pressure
– Secondary: Identify upregulated angiogenic molecules 

• Results: Study completed but data not published. Dr. Plotkin has 
stated that there were “highly variable results”
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“Topical Imiquimod 5% Cream for Treatment of Cutaneous 
Neurofibromas in Adults With Neurofibromatosis 1 (Phase 1)”

• Drug (target): Topical Imiquimod 5% Cream (TLR7)
• # Participants: 11 total
• Age: ≥18y
• Design: topical treatment of 3 raised cNFs 5 times a week for 6 

weeks, monitored over 2 years 
• Outcome Measure: 

– Primary: cNF volume measured by caliper and tumor interstitial fluid pressure
– Secondary: Correlate the inflammatory infiltrate adjacent to treated lesions during 

treatment with tumor response; determine the number of circulating Tregs

• Results: Study completed but data not published. Dr. Plotkin has 
stated that there were “highly variable results”
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“Use of Topical Liquid Diclofenac Following Laser Microporation
of Cutaneous Neurofibromas in Patients With NF1 (Phase 2)”

• Drug (target): Topical Liquid Diclofenac (cyclooxygenase (COX; 
prostaglandin biosynthesis))

• # Participants: 7 total 
• Age: ≥18y
• Design: Laser microporation followed by topical diclofenac 

(25mg/ml) on the surface of 2 cNFs, followed by topical diclofenac 
twice daily, for three days; 2 control cNFs treated with saline 
Outcome Measure: 

– Primary: Inflammatory process (redness, exculceration) 
– Secondary: Tumor necrosis, size, detachment

• Results: …
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• Overall, there was no 
significant change in 
neurofibroma size

• Some treated lesions 
developed signs of 
necrosis and fell off after 
a few weeks
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“A Single Arm, Multicenter Phase II a Trial of RAD001 as Monotherapy 
in the Treatment of Neurofibromatosis 1 Related Internal Plexiform 

Neurofibromas That Cannot be Removed by Surgery”

• Drug (target): Everolimus (mTOR)
• # Participants: 30 total
• Age: ≥18y
• Design: systemic treatment for 1 year 
• Outcome Measure: 

– Primary: Volume of internal plexiform neurofibromas
– Secondary: Number and volume of cutaneous neurofibromas; signaling 

pathways in cutaneous neurofibromas

• Results: Study completed but data not published
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“Everolimus for Treatment of Disfiguring Cutaneous Lesions 
in Neurofibromatosis1 CRAD001CUS232T (DCLNF1)”

• Drug (target): Everolimus (mTOR)
• # Participants: 22 total (16 had sufficient outcome measures)
• Age: ≥18y
• Design: systemic treatment for 6 months 
• Outcome Measure: 

– Primary: 3D photography of surface volume of 4 target lesions
– Secondary: # Grade 3 and 4 AES
– Other: IHC 

• Results: …
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• A significant reduction in 
lesion surface volume, 
defined as an end of trial 
volume > 2 standard 
errors (SE) less than 
baseline volume, was 
observed for 4/31 lesions 
(13%) from 3/16 patients 
(19%)

• Limitations: small sample 
size with limited 
statistical power and 
short trial length
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“Selumetinib in Treating Patients With Neurofibromatosis Type 1 
and Cutaneous Neurofibroma”

• Drug (target): Selumetinib (MEK1/2)
• # Participants: 24 total Age: ≥18y
• Design: systemic treatment for 2 years
• Outcome Measure: 

– Primary: Volume shrinkage measured by caliper in 3 body regions (100cm2 each) 
– Secondary: Percent inhibition of phosphorylated ERK (pERK), and changes in 

phosphorylated AKT (pAKT)
– Other: Change in cNF number, Skindex PRO, tumor kinome, pilot –omics studies

• Results: …
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Preliminary cNF response data
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Preliminary Skindex responses
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Size Number PRO IGA Biomarker Other

Ketotifen

Primary Outcome: 
Severity scales (1-10) 
for itching, pain, and 

tenderness

Topical Rapamycin
Secondary: Reduction 

in lesion size 
(photography)

Secondary: Simple 
PRO (better, no 
change, worse)

Primary: Dermatologic 
sensitivity at site of 

application (pain, erythema, 
edema, pruritis)

Ranibizumab Primary: cNF volume 
measured by caliper

Secondary: Angiogenic
molecules 

Topical Imiquimod
5% Cream

Primary: cNF volume 
measured by caliper 

Secondary: 
Inflammatory infiltrate 
and circulating Tregs

Topical Liquid 
Diclofenac

Secondary: Tumor 
size by photography 
and measuring tape

Primary: Inflammatory 
process (redness, 

exculceration)

Photodynamic 
therapy  (PDT) / 
Levulan

Primary: Time to 
pregression (50% 
growth in size over 

baseline); Secondary: 
Tumor size by caliper

Selumetinib Primary: Volume by 
caliper

Other: Number by 
manual counts Other: Skindex

Secondary: pERK/AKT; 
Other: -omics studies, 

kinome, pathology

Everolimus
Primary: Surface 

volume by 3D 
photography

Secondary: # Grade 3 and 
4 AES; Other: IHC 

RAD001 (Everolimus) Secondary: Volume Secondary: Number Primary: Volume of internal 
plexiform neurofibromas



Experimental Drug Treatment 
Synopsis

• Target lesion types treated are raised
• Mainly adults and some adolescents studied
• Highly variable, inconsistent, and invalidated 

outcome measures
– cNF size is most commonly used as an outcome 

measure but the methodology is variable
– PROs are variable, not validated for cNFs
– No global assessments have been utilized
– Biomarkers have been dependent on the 

experimental drug target, not specific to cNF
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