
A. Gordon Smith, MD FAAN 
Professor and Vice Chair of Neurology
Chief, Division of Neuromuscular Medicine
University of Utah School of Medicine

Clinician-reported Sign Outcome 
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Examination/Sign Outcome Measures 
for CIPN:  Outline 

1. What has been done
2. What are current trials using
3. What should we be doing – a patient 

perspective
4. What should we be doing – an investigator’s 

perspective.
5. Review of existing scales (brief)
6. Aspirational attributes of physician reported 

“sign” outcome measures.



Research design characteristics and reporting adequacy in trials 
of chemotherapy-induced peripheral neuropathy (CIPN) 
treatments initiated during chemotherapy: ACTTION systematic 
review

Jennifer Gewandter et al.  2017 (submitted)

• Systematic review of randomized controlled 
trials (preventative or symptomatic)

• 38 articles
• 95% initiated treatment before CIPN started



CIPN Outcome Measures
• 22 (58%) specified primary outcome measure
• 20 (53%) specified primary endpoint
• 12 (32%) identified primary analysis.
• Primary outcomes:

– NCI-CTCAE 4 (18%)
– TNS (all versions)  3 (14%)
– Vibration test 3 (14%)
– EORTC-CIPN20 2 (9%)
– Other PRO 6 (27%)
– Pain 1 (4.5%)

6 (28%) used sign or composite sign/symptom score as 
primary outcome measure



All outcomes

• 36 reported non-primary outcomes
– NCI-CTCAE (13, 36%)

• Among all outcome measures
– 15 (40%) reported only symptom measures
– 6 (16%) both symptom and signs
– 5 (13%) symptoms and electrophysiology
– 2 (5%) only signs
– 2 (5%) functional measures (e.g. pegboard)
– 2 (5%) signs, symptoms, and electrophysiology
Only 26% reported signs, 5% functional measures.



Planned Trials (personal experience)

1. Gene therapy approach to CIPN prevention:
– Primary: change in sural sensory amplitude from 

baseline to 3 months after oxaliplatin completion.
– Secondary

• Prevalence of clinically evident CIPN
• Prevalence of confirmed (clinical + EDX)
• Change in TNS

2. Unknown intervention: Sign score will be 
UENS



Ongoing/Upcoming Trials on 
www.clinicaltrials.gov

• 34 studies either enrolling or not yet enrolling
• 7 use a sign measure as primary outcome
• 15 identify a sign measure as a secondary 

outcome
• 17 (50%) are using a sign measure





A Patient’s Perspective



Phases of chemo life: personal perspective
Relevant to measuring, prioritizing CIPN (QOL)

1. Throes of treatment
– Goals: survive treatments, hope for cure; manage daily symptoms

2. Early post-chemo (e.g. first ~ 6 months after)
– Goals: managing chemo-related symptoms, including fatigue, 

chemo fog, pain
– Manage feelings of “lost in the wilderness” and worries of cancer 

return
3. Intermediate post-chemo phase (e.g. 6 - 12 months)

– Shift in goals: from “at least I’m alive” to thoughts about quality of 
life

4. Late post-chemo phase (year 2)
– Attempts to return to normal: exercise, recreation with kids, etc; 

remove meds (eg want to be viewed by others as normal, and want 
to act the role)



If others are like me, then:

1. It’s not only whether or not you get 
CIPN (not yes/no question)

2. It’s:
1. Whether you recover from it (e.g. year 2)
2. And, of course, whether you can avoid 

complications (e.g. falls) when recovering 
from CIPN



“I never felt like complaining to my 
doctor about my CIPN; Furthermore, at 
no point did I find any meaningful value 
in the status of my ankle reflexes, toe 
flexion or extension, or sural sensory 
amplitude; nor did the 0 to 10 pain 
scale seem useful in expressing how 
CIPN was affecting me. My struggle 
expressed itself clearest in my CAP-PRI 
responses…”

Neurology 2016;87:1-2



Personal phases with CIPN

Survive treatment

On many meds, 
including pain meds

Many disabling 
symptoms (fatigue, 

chemo fog)

CIPN lower priority

Early post-chemo

On meds, including 
pain meds

Disabling symptoms 
slowly resolving, but 
nowhere near return 

to normal

CIPN lower priority

Intermediate post-
chemo

Removing meds

Glimpses of a return 
to normal (with a few 

surveillance scans 
completed)

CIPN: prominent 
impact on quality of 

life

------------------------One year post-chemo-----
-------------------

second year post-
chemo

----------chemo----
--------

Late post-chemo

Meds gone

Near-return to 
normal

CIPN: most limiting 
symptom
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Benefits of Sign Scales 
(an investigator’s perspective)

• Multimodal approach
• Impairment specific data
• Precise topographical 

localization and distribution
• Less influenced by stage 

bias

Unique information (e.g. 
potentially divergent with 
symptoms in positive trials)



Cons of Sign Scales

• Are they clinically meaningful to patients?

• “Frequently perceived by oncologists as being 
too complicated and time-consuming”

Cavaletti, G., Cornblath, D. R., Merkies, I. S. J., Postma, T. J., Rossi, E., Frigeni, B., et al. (2013). The chemotherapy-
induced peripheral neuropathy outcome measures standardization study: from consensus to the first validity and 
reliability findings. Annals of Oncology : Official Journal of the European Society for Medical Oncology / ESMO, 
24(2), 454–462. http://doi.org/10.1093/annonc/mds329



Dyck, P. J., Overland, C. J., Low, P. A., Litchy, W. J., Davies, J. L., O'Brien, P. C., et al. (2010). Signs and symptoms versus nerve 
conduction studies to diagnose diabetic sensorimotor polyneuropathy: Cl vs. NPhys trial. Muscle & Nerve, 42(2), 157–164. 
http://doi.org/10.1002/mus.21661
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Singleton, J. R., Bixby, B., Russell, J. W., Feldman, E. L., Peltier, A., Goldstein, J., et al. (2008). The Utah Early Neuropathy 
Scale: a sensitive clinical scale for early sensory predominant neuropathy. Journal of the Peripheral Nervous System : 
JPNS, 13(3), 218–227. http://doi.org/10.1111/j.1529-8027.2008.00180.x



CIPN Disease Specific Scales

• Brief peripheral neuropathy screen (BPNS)
– Ankle Reflex
– Vibration at the great toe

• Total neuropathy score (TNS)



Total Neuropathy Score





Ziegler, D., Low, P. A., Litchy, W. J., Boulton, A. J., Vinik, A. I., Freeman, R., et al. (2011). Efficacy and Safety of Antioxidant 
Treatment With {alpha}-Lipoic Acid Over 4 Years in Diabetic Polyneuropathy: The NATHAN 1 trial. Diabetes Care, 34(9), 2054–
2060. http://doi.org/10.2337/dc11-0503



Types of data

• Nominal
– Religion, ethnicity
– Not amenable to numerical values 

outside of sorting

• Ordinal
– 0,1,2,3,4,5 (like MRC scale)
– Do not assume linearity!!

• Interval
– Continuous value (temp, ht)
– Attempt to move in this direction 

with item response theory

• Ratio
– There is an absolute zero (e,g, 

weight)



MRC Strength Scale

0
• Complete Paralysis

1
• Movement but without joint excursion

2
• Movement of joint but not through full range of motion

3
• Full antigravity without resistance

4
• Reduced Streng

5
• Normal strength



Rasch Analysis (IRT)

• Specific form of IRT
• Analyzes patient responses to 

individual questions (items) and 
ranks them based on difficulty 
and the ability of patients with 
differing degrees of disease 
severity to perform the task.

• General linear model is used to 
derive an interval scale

Smith, A. G., & Burns, T. M. (2014). Reevaluating clinical measurement tools in 
therapeutic trials: Time to make a Rasch decision? Neurology, 83(23), 2104–2105. 
http://doi.org/10.1212/WNL.0000000000001058



Thompson, A. G. B., Lowe, J., Fox, Z., Lukic, A., Porter, M.-C., Ford, L., et al. (2013). The Medical Research Council 
prion disease rating scale: a new outcome measure for prion disease therapeutic trials developed and validated 
using systematic observational studies. Brain, 136(Pt 4), 1116–1127. http://doi.org/10.1093/brain/awt048



Rasch Transformed MRC Strength 
Scale

0 • Complete Paralysis

1 • Severe weakness

2 • Slight weakness

3 • Normal strength

Thompson, A. G. B., Lowe, J., Fox, Z., Lukic, A., Porter, M.-C., Ford, L., et al. (2013). The Medical Research Council 
prion disease rating scale: a new outcome measure for prion disease therapeutic trials developed and validated 
using systematic observational studies. Brain, 136(Pt 4), 1116–1127. http://doi.org/10.1093/brain/awt048



• TNSc 7 domains: sensory, motor, autonomic, pin, 
vibration, strength DTR.

• 281 patients with stable CIPN.  Misfit statistics for 
strength and reflexes.

• Disordered thresholds for vibration and strength and 
item bias (cultural)

Rasch built 5 domains (sensory, motor pin, vibration and 
strength).



No widely used data standards in NINDS-funded clinical research

Researchers create data collection instruments for each new project

Meta-analyses across studies require extensive data re-formatting

Multitude of data formats creates barriers to data sharing



Conclusions

• Sign scores provide unique information and are 
underutilized in CIPN trials.

• Score/sign selection is highly variable, and those 
selected often lack validation (generally or in 
CIPN)

• There is a need for consensus regarding score 
selection.

• Validation and consensus should prioritize proper 
clinimetric evaluation and characteristics
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