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Validating assessments of cNF size

• A major limitation to evaluating either novel interventions or drugs is 
the inability to assess cNF size with a reliable and reproducible 
measurement tool.

• Prospective, single center study.

• Eligibility: NF1 diagnosis, ≥ 18 years old, at least 6 visible cNFs, ability to 
read English, able to tolerate imaging

• Tumor measurements were acquired using digital calipers, 3D 
photography, and high frequency ultrasound (HFUS) in a single session.

4 Canfield Scientific, Vectra H1Digital calipers High frequency ultrasound



Validating assessments of cNF size

• Aims: 

• Determine the intra-rater and inter-rater reliability of HFUS 
measurements of cNF volume at baseline

• Determine the accuracy of HFUS measurements by comparing 
them to digital caliper measurements and 3D photography

• Statistical analysis

• Linear and volumetric assessments were compared using 
intraclass correlation coefficient (ICC) to determine the intra-
and inter-rater reliability of each technique.
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Demographics of reliability set



Reliability Assessment

• Baseline visit details (N=10)
• 3 researchers acquiring images (acquisition) – inter-rater

• 1 researcher acquiring 3 images per tumor – intra-rater
• 3 researchers assessing images (measurement)

• 1 researcher measuring 3 times per tumor
• 60 scans per patient x 10 patients = 600 scans
• 300 measurements per patient x 10 patients = 3000 measurements



Reliability of HFUS, 3D camera, and calipers
Intraclass Correlation Coefficient (ICC)

Image Acquisition 
Reliability

Image Analysis 
Reliability

Intra-rater ICC Inter-rater ICC Intra-rater ICC Inter-rater ICC
HFUS

Volume 0.98 0.97 0.99 0.98
Width 0.98 0.98 0.98 0.99
Depth 0.98 0.97 0.99 0.97

3D Camera
Volume 0.97 0.95 0.98 0.98
Width Manual 0.97 0.96 0.97 0.98
Width Script 0.96 0.96 0.98 0.97
Length Manual 0.97 0.96 0.98 0.98
Length Script 0.97 0.87 0.91 0.93
Surface Area 0.98 0.97 0.99 0.98

Calipers
Volume 0.90 0.77
Width 0.96 0.88
Length 0.93 0.85
Height 0.81 0.62

ICC measures 
reproducibility 
Shrout-Fleiss reliability: 
random set
• 57 Tumors total:

• 33 small tumors 
(<5mm)

• 24 large tumors 
(≥5mm)

ICC Reliability

<.5 Poor
0.5-.75 Moderate

0.75-0.9 Good
0.9-1.0 Excellent



Reliability Observations

• ICC “excellent” for all 3D photography and HFUS observations
• ICC least strong for inter-rater caliper measurements (particularly 

height), however still in “moderate” range



Determining the minimal detectable change

• The coefficient of variation (CV) is defined as the ratio of the standard 
deviation to the mean: It shows the extent of variability in relation to the 
mean of the population.

• Study Participants 1-10

• 57 Tumors total:
• 33 small tumors (<5mm)
• 24 large tumors (≥5mm)

HFUS COV (mean) 3D Camera COV (mean) Calipers COV (mean)
Volume Width Depth Volume Width Length Max width 

(script)
Length 
(script)

Surface 
area

Volume Length Width Height

Small 35.7% 13.4% 11.6% 57.2% 11.8% 10.7% 10.2% 10.9% 18.7% 63.2% 17.8% 19.0% 38.7
%

Large 17.8% 5.9% 5.2% 18.6% 7.0% 6.6% 7.6% 9.9% 12.2% 33.4% 13.0% 10.6% 25.0
%

All 29.5% 10.4% 9.2% 43.2% 9.7% 8.9% 9.1% 10.3% 16.3% 51.8% 15.8% 15.8% 33.0
%

COV

≥35%
30-34%

26-29%
21-25%

16- 20%
11-15%

≤ 11% Better

Worse



COV and Suggested Threshold for Imaging Response 
Overall

Small 
COV

Large
COV

All
COV

Proposed threshold 
for clinical response

Calipers
Width 19.0% 10.6% 15.8% 30%
Length 17.8% 13.0% 15.8% 30%
Height 38.7% 25.0% 33.0% 65%
Volume 63.2% 33.4% 51.8% 100%
3D Camera
Width (manual) 11.8% 7.0% 9.7% 20%
Width (script) 10.2% 7.6% 9.1% 18%
Length (manual) 10.7% 6.6% 8.9% 18%
Length (script) 10.9% 9.9% 10.3% 20%
Surface Area 18.7% 12.2% 16.3% 33%
Volume 57.2% 18.6% 43.2% 85%
HFUS
Width 13.4% 5.9% 10.4% 20%
Depth 11.6% 5.2% 9.2% 20%
Volume 35.7% 17.8% 29.5% 60%

Threshold

≥35%
30-34%

26-30%
21-25%

16- 20%
11-15%

≤ 11%



Comparing measurement tools

Cost Reliability Best use Threshold 
Digital 
Calipers

~ $100 Good Few tumors
Large tumors
Limited budget

30% (linear)

3D 
Camera

~$14K Excellent Multiple tumors 
assessing color
Local or systemic rx

20% (linear)
33% (area)

HFUS > $225K Excellent Few tumors
Small tumors
Prevention trials
Visualize beneath skin

20% (linear)



Next steps

• Establish criteria for measurement of cutaneous neurofibromas in 
clinical trials

• Longitudinal assessment of cNF to determine natural history of 
tumor growth/shrinkage

• Apply measurement criteria in a treatment trial (e.g., selumetinib for 
cNF, NCT02839720, PI: Bruce Korf)



Patient Reported Outcomes
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Process

Review the literature for 
existing PROs that are specific 
for assessing the skin

Rate the existing PROs 
based on the REiNS PRO 
Working Group Model

Recommend use of one of the 
existing PRO instruments OR 
create a de novo PRO instrument 
for cNFs in NF1
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• Review of the literature: Skin specific PRO 
instruments identified

• Skindex & teen-skindex
• Dermatology life quality index (DLQI) & CDLQI
• Adjusted NF QOL (Hilda Crawford)
• Itch scales
• Pain scales
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Rate PROs
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Skindex PRO RATE
Overall impression: 2.54/3.0
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PROS
- Ages 12-17, ≥18
- Used widely in 

general derm.
- Qs appropriate for 

cNFs
- Feasibility

CONS
- No interventional trial 

data
- Questions not 

relevant to NF1
- “my skin” or “my skin 

condition” 



Quality of Life
Skindex, NFQoL

Skindex domains Crawford NF adjusted QOL 
domains



Skindex Scores
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PROS
- Ages 4-16, ≥16
- Used widely in derm. 

(>1000 pub)
- Qs appropriate for 

cNFs
- Feasibility

CONS
- No interventional trial 

data
- Multiple domains in 

single question
- Raw score, 

interpretation is not 
validated

(C)DLQI PRO RATE
Overall impression: 2.5/3.0  (2.65/3)
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Recommendations:

• Use a modified Skindex that changes the language 
of “my skin condition” to “my cutaneous 
neurofibromas”

• Track sensitivity to change in an interventional study to 
determine if useful

• If so, proceed with modified skindex, but if not modify the 
DLQI/CDLQI

• Add a Global Impression of Change
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Global Impression of Change Scale - cNF

1. Think about your cutaneous neurofibromas 
now.  Compare them to before you started 
taking the medicine for this study. Do you think 
your cutaneous neurofibromas are:

□ 1 Very Much Improved  
□ 2 Much Improved 
□ 3 Minimally Improved 
□ 4 No Change 
□ 5 Minimally Worse 
□ 6 Much Worse 
□ 7 Very Much Worse 

(Please check only one box)

2.	Please	describe	any	changes	you	have	

noticed:



Recommendations:

• Use a modified Skindex that changes the language 
of “my skin condition” to “my cutaneous 
neurofibromas”

• Track sensitivity to change in an interventional study to 
determine if useful

• If so, proceed with modified skindex, but if not modify the 
DLQI/CDLQI

• Add a Global Impression of Change
• Consider including NRS-11 (pain scale) for systemic 

trials
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NRS-11
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Numeric Rating Scale (NRS-11)
Below is a line with numbers from 0 to 10 where 0 means no pain and 10 means 
the worst pain you can imagine. 

Please circle the one number that best describes your pain at its worst during 
the past week.
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Botox label
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• The co-primary efficacy endpoints were the investigator’s
rating of glabellar line severity at maximum frown and the 
subject’s global assessment of change in appearance of 
glabellar lines, both at Day 30 post-injection. 
– For the investigator rating, using a 4-point grading scale 

(0=none, 3=severe) a responder was defined as having a 
severity grade of 0 or 1. 

– For the subject’s global assessment of change, the ratings were 
from +4 (complete improvement) to -4 (very marked worsening). 



Creating a global assessment of change scale 
for cNF

• Decision NOT to use a severity 
scale given wide range of tumor 
burden (differing by 3 orders of 
magnitude)

• Recognizes that patients find 
benefit in less than 100% 
clearance (REiNS patient survey)

• Need to specify whether change 
is regional (e.g., due to local 
treatments) or whole body (e.g., 
due to systemic treatments)

• Attempt to correlate change in 
tumor size with assessment of 
GAC

• Validation is critical
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Proposed global assessment of change 
scale for cNF size

• +3: significant improvement
• +2: moderate improvement
• +1: minimal improvement
• 0: no change
• -1: minimal worsening
• -2: moderate worsening
• -3: significant worsening

35

Clinical response

Clinical worsening

Stable 

For local treatment: “Compared to baseline, please rate global 
change in size within the field of treatment”

For systemic treatment: “Compared to baseline, please rate 
global change in size within the field of treatment”



Index subject
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S1. Simulation of whole body change
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Baseline After treatment
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S2. Simulation of whole body change
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Baseline After treatment
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S3. Simulation of whole body change
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Baseline After treatment
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S4. Simulation of whole body change
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Baseline After treatment
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S5. Simulation of regional change
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Baseline After treatment
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S6. Simulation of regional change
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Baseline After treatment
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S7. Simulation of regional change
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Baseline After treatment
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S8. Simulation of regional change
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Baseline After treatment



Next steps

• Complete simulations of 10 subjects
• Assess agreement among large number of 

patients and physicians using NF registry 
or other mechanism
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Next step: establishing GAC for cNF

• Assemble library of 50 images of cNF with different skin tones 
and severity

• Digital artist to take each source image and modify
– Increase tumor size by 25%, 50%, 75%
– Decrease tumor size by 25%, 50%, 75%

• Recruit online sample to rate photos: baseline with 1 modified 
image
– Patients with NF1
– Caregivers with NF1
– Investigators who care for patients with NF1

• Rate pairs of images on GAC scale
• Attempt to obtain thousands of responses to establish link 

between change in tumor size and change in GAC scale
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-75% -50% -25% 0% 25% 50% 75%
+3 38 60
+2 23 20 4
+1 20 34
0 2 40
-1 3
-2
-3
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For local treatment: “Compared to baseline, please rate 
global change in size within the field of treatment”

For systemic treatment: “Compared to baseline, please 
rate global change in size within the field of treatment”



Challenges: phenotypic heterogeneity of cNF
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Proposed global assessment of change 
scale for cNF visibility (color)

• +3: significant improvement
• +2: moderate improvement
• +1: minimal improvement
• 0: no change
• -1: minimal worsening
• -2: moderate worsening
• -3: significant worsening
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Clinical response

Clinical worsening

Stable 



Questions?
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