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The role of QST and skin biopsy  
in accelerating analgesic drug development: 

IMMPACT considerations 
 

Ralf Baron 



Mechanism / profile-based therapy 

Sensory profile 

Von Hehn, Baron and Woolf 2012 



Agenda 
The sensory phenotype:  
       not a true biomarker  -  indirect clinical assessment 
 
1.   The sensory phenotype allows to subgroup patients  

  
2.   Sensory phenotypes reveal novel “druggable” targets  
 
3.   Sensory phenotypes show predictive validity in trials 

    Clinical assessment tools for prediction 
 
4.   Sensory phenotype can be used as endpoints  

    Clinical assessment tool for efficacy – response 
    (surrogate endpoint) 



The sensory phenotype allows  
to subgroup patients  

 

Segmentation methods to subgroup 
patients using QST and/or PRO 
AT BASELINE 

Agenda 1 



Profiling of signs: QST protocol / 13 parameters 



What is a sensory QST-profile?  

Combination of sensory signs at baseline 
Hierarchical cluster analysis  

Many neuropathic etiologies 
N>3500 
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Heterogeneous sensory profiles = heterogeneous mechanisms 

Subgroups 

Preserved innervation 

Thermal 
Hyperalgesia 

Mechanical 
Hyperalgesia 



Freynhagen et al. 2006, Bouhassira et al. 2004 

Profiling of symptoms: PRO / questionnaires 

NPSI 

Neuropathic 
Pain 
Symptom 
Inventory 



Profiling of symptoms: PRO / questionnaires 
   
   1.  Burning pain? 
  
   2.  Tingling or prickling (electricity)? 
 
   3.  Sensitivity to touch (clothes, blanket)? 
 
   4.  Occasionally painful cold or heat  (e.g. bath tub)? 
  
   5.  Shooting pain, electric shock like? 
 
   6.  Numbness? 
 
   7.  Can pain be caused by light pressure (e.g. with finger)?  
    
 

 Very strong   =  5 
 Strong    =  4 
 Moderate    =  3 
 Slight    =  2 
 Hardly noticed  =  1    
 Never     =  0 Freynhagen et al. 2006 



What is a sensory PRO-profile?  

1 
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3 

4 

Burn Prick Allo Attack Therm Numb Press 
Never 

Very  
strong 5 

0 

Combination of sensory symptoms at baseline 
Hierarchical cluster analysis  

DPN, PHN, RAD 
N=4200 ©Baron 



Heterogeneous sensory profiles = heterogeneous mechanisms 

Subgroups 
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Baron et al. 2009 



Agenda 2 
Sensory phenotype reveals  
new “druggable” targets  

Example: 
Genotyping of TRPA1 
Painful vs. painless neuropathies 



Paradoxical heat 
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80% GG polymorphism 
 
20% AA/GA polymorphism 
(protecting factor) 

rs920829 

Binder et al. 2011 

Genetic profiling – association with QST 



 
 

  The SNP is functional     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3
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Agenda 3 
The sensory phenotype shows predictive 
validity in treatment trials 

 

Segmentation methods identify differential 
response 



Spinal column trauma 1999 
With partial lesion of spinal 

nerves on both sides 
 
 
Severe pain 
Th9 both sides 
(peripheral neuropathic pain) 

Westermann et al. 2012 

QST identifies responders 



•  Titration of Pregabalin 
⇒  End dose 450mg/d 
⇒  Pain reduction to Ø NRS 2 only on right side 
⇒  Sitting and leaning in wheel chair much improved 
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Westermann et al. 2012 

QST identifies responders 



QST on right side 

 Preserved sensory function + 
sensitization 

Peripheral nerve injury 

Westermann et al. 2012 

QST identifies responders 



QST on left side 

 Degeneration of  
all fiber classes 

             Example: treatment effect depends on subgroup 

Peripheral nerve injury 

Westermann et al. 2012 



QST identifies responders 
Randomized, double-blind, placebo-controlled trial 
in HIV neuropathy 
– Pain difference:  

 VAS  -0.25, P = 0.4 

Severe pinprick hyperalgesia at baseline (1/3) 
• Pain difference VAS -2.14 (P<0.01)  

Low-to-moderate pinprick hyperalgesia (2/3) 
• Pain differende VAS -0.06  (P=0.88) 

Simpson et al. 2008 



Recent Pregabalin studies: 
Three out of four double-blind placebo controlled 
trials were negative 
 
HIV, PostStroke, DPN, PostTrauma 
 
Segmentation methods to subgroup patients 
using NPSI AT BASELINE 
 
Pregabalin is effective in subgroups !!! 

NPSI identifies responders 



0 

-5 

VAS 

Cluster 1 
11% 

Cluster 2 
28% 

Cluster 3 
28% 

Cluster 4 
21% 

Cluster 5 
12% 

Freeman, Baron et al. 2011 

NPSI identifies responders 



Pregabalin in 50 patients with peripheral 
neuropathic pain  
 
Pain Quality assessment scale (PQAS)
at baseline  
 
Seven items were associated with 
response: 
 
  Intense  
  Electrical 
  Tingling 
  Cramping 
  Radiating 
  Throbbing 
  Deep 

Gammaitoni et al. 2012 

PQAS identifies responders 



Painful diabetic neuropathy – topical clonidine 

Campbell et al. 2012 

Fibers degenerated, no function Fibers sensitized, overactive 

Capsaicin identifies responders 



Agenda 4 

QST and questionnaires are reliable 
 
Sensory phenotype can be used as 
endpoints 
  
Clinical assessment tool for efficacy – 
response 
(surrogate endpoint) 

 



IMMPACT considerations 

SENSORY 
PROFILES 
QST / PRO 

CAPSAICIN 
RESPONSE 

 
SKIN BIOPSY 

PROGNOSTIC ? ? + 
Regeneration 

capacity 

PREDICTIVE ++ + + 

PHARMACODYNAMIC ++ ? - 

EFFICACY RESPONSE / 
SURROGATE ENDPOINT 

++ ? + 



Modern profile-based trial design 

Placebo 

Drug 
Baseline 
Profiling Randomization 

En
dp

oi
nt

 V
A

S 

Restrospective analysis of 
responders/non-responders 

Placebo 

Drug in Subgroup A 

Drug in Subgroup B 

Baseline 
Profiling 

Stratification/ 
Randomization 
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Different  
assessment tools -  
A critical evaluation 

 1

Rapid Review

Lancet Neurol 2012; 11: ???–???
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Sub-grouping of patients with neuropathic pain according 
to pain-related sensory abnormalities: a first step to a 
stratified treatment approach
Ralf Baron, Matti Förster, Andreas Binder

Summary
Background Patients with neuropathic pain present with various pain-related sensory abnormalities. These sensory 
features form different patterns or mosaics—the sensory profile—in individual patients. One hypothesis for the 
development of sensory profiles [A: OK?] is that distinct pathophysiological mechanisms of pain generation produce 
specific sensory abnormalities. Several controlled trials of potentially encouraging new drugs have produced negative 
results, but these findings could have been a result of heterogeneity in the patient population. Subgrouping patients 
on the basis of individual sensory profiles could reduce this heterogeneity and improve trial design [A: sentence OK 
as edited?].

Recent developments A statistical categorisation of patients with neuropathic pain showed that subgroups of patients 
with distinct sensory profiles who perceive their pain differently do exist across a range of neuropathic disorders, 
although some distinct disorder-specific profiles were also detected. Results of the first clinical trials to use the 
subgroup approach at baseline could show a superior effect of the study drugs in specific subgroups, rather than in 
the entire cohort of patients.

Where next? A new classification of neuropathic pain should take into account subgroups of patients with different 
sensory profiles. Sensory phenotyping has the potential to improve clinical trial design by enriching the study 
population with potential treatment responders, and might lead to a stratified treatment approach and ultimately to 
personalised treatment.

Introduction
Several controlled trials of drugs for neuropathic pain 
have produced negative results despite encouraging 
results from preclinical and early clinical studies.1,2 But 
do such negative outcomes really show that these drugs 
are not efficacious, or were positive outcomes obscured 
by the heterogeneity of the study groups? Study drugs 
might be more efficacious in some subgroups than in the 
whole cohort. One option to reduce heterogeneity in a 
study cohort is to classify patients into more homo-
geneous subgroups before administering the study 
drug—a strategy that is referred to as stratified or 
personalised therapy [A: OK here?]. To undertake this 
approach, characteristics that make an individual or a 
subgroup of patients potentially more responsive to a 
specific treatment need to be identified.

Results from animal laboratory studies suggest that 
neuropathic pain is generated by several operating 
mechanisms working in concert.3 The specific pattern of 
mechanisms in an individual might cause a different 
treatment response. Thus, subgrouping of patients based 
on individual pathophysiological mechanisms could be a 
successful way to tailor treatment to the individual. Such 
mechanisms, however, cannot be readily examined in 
patients, although one hypothesis states that a surrogate 
marker (ie, the individual’s sensory phenotype) might be 
indicative of the under lying pathophysiology of afferent 
processing. Since one specific symptom can be based on 
various completely disparate pathophysiological 

mechanisms, it could be possible that a specific sensory 
pattern, comprising spontaneous perceptions as well as 
negative and evoked sensory phenomena, offers the best 
clue to discover the underlying mechanisms. [A: OK?]

The aim of this review is to summarise the methods 
that can be used to subgroup patients with neuropathic 
pain according to pain-related sensory profiles (table) 
and to critically discuss the value of the different 
assessment methods used to identify these subgroups. 
We will address the following questions. What are the 
most appropriate assessment methods for identification 
of sensory phenotypes in clinical trials? Do subgroups 
of patients with distinct sensory phenotypes exist? Which 
pain mechanisms might be linked to specific phenotypes?

Is there evidence to show that a drug performs better in 
a subgroup of patients than in the entire cohort?

What are the most appropriate assessment 
methods for identification of sensory 
phenotypes in clinical trials?
Pain-related sensory abnormalities can be assessed in 
several ways. Self-assessment methods (patient-reported 
outcomes) consist of a list of specifically designed 
questions addressing the quality and intensity of sensory 
symptoms perceived by patients. The same symptoms 
can be captured by the investigator in an interview 
format. Furthermore, sensory signs can be assessed by 
clinical examination of the affected skin area using 
various sensory stimuli.

[A: We have edited your paper to avoid repetition, enhance readability, 
reduce length, and achieve consistency with Lancet style]
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