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To	illustrate	arguments	will	focus	on:	

• Neuropathic	pain	
• Animal	models	
	

…..although	the	issues	and	concepts	are	generic	
	
	

•  External	Validity:	
•  The	disease	models	
•  Profiling		
•  Outcome	measures	

•  Internal	validity:	
•  SuscepEbility	to	bias	in	design,	conduct,	analysis	and	reporEng		
of	pre-clinical	data		



	

	

	
	

	
	

	

Efficacy	outcomes	generally	represent	only	modest	gains	

•  Recommenda2on:	
•  Strong	recommendaEon	for	as	first-line	treatment:	

•  Tricyclic	anEdepressants	(mainly	amitriptyline)	
•  SRNI	(mainly	duloxeEne)	
•  Pregabalin	&	gabapenEn	

•  Weak	recommendaEon	for	as	second-line:	
•  Lidocaine	5%	
•  Capsaicin	8%	
•  Tramadol	

•  Weak	recommendaEon	for	as	third-line:	
•  Strong	opioids	
•  Botulinum	toxin	A	

Finnerup	et	al	Lancet	Neurology	2015;14:162	

NNT	50%			(95%	CI)	
TCA	 3.6	(3.0	–	4.4)	

SNRI	(mainly	
duloxeEne)	

6.4	(5.2	–	8.4)	
	

Pregabalin	 7·7	(6·5	–	9·4)		

GabapenEn	(inc	ER	
and	enacarbil)	

7·2	(5·9	–	9·21)		

Lidocaine	5%	 n.d	

Capsaicin	8%	 10·6	(7·4	–	19·0)	

Tramadol	 4.7	(3.6	–	6.7)	

Strong	opioids	 4.3	(3.4	–	5.8)	

Botulinum	toxin	 Uncertain	



Key	Features	of	Neuropathic	Pain	
	

Pain	caused	by	a	lesion	or	disease	affecting	the	
somatosensory	system	

	

• Pain	occasionally	generated	in	
response	to	damage	to	sensory	
nervous	system	

• Pain	in	absence	of	a	noxious	
stimulus:	

•  Spontaneous	continuous	
•  Spontaneous	paroxysmal	(lancinating)	
•  Evoked	(stimulus	dependant)	pain	

	
Variably	associated	with	sensory	
perturbations:	

• Sensory	Loss:	
•  Pain	in	areas	of	sensory	loss		-	
Anaesthesia	Dolorosa	

• Sensory	Gain:	
•  Allodynia	–	pain	in	response	to	an	
innocuous	stimulus	

•  Hyperalgesia	–	increased	response	
to	a	painful	stimulus	



THE MODEL: 
 

Reproducing the Disease/Lesion






Heterogeneous	Pathologies	Associated		
with	Neuropathic	Pain	

•  Trauma	

•  Ischaemia	

•  Infection/InIlammation	

•  Cancer	
•  Chemical	injury,	including	drugs	

•  Metabolic	and	endocrine	neuropathies	

•  Compression	

•  Genetic	channelopathies	

•  Idiopathic	

Animal Models  
of Traumatic Nerve Injury 



Neuropathic Pain: 
Systematic Review & Meta-Analysis of 4796 Animal Model Publications 

Currie, Sena, Wodarski, Morland et al  
 

CAMARADES 

Neuropathic	pain	model	
Number	of	

publica2ons	from	
screening	

Chronic	Constric2on	Injury	 1402	
Spinal	Nerve	Liga2on	 916	
Diabetes-induced	 678	

Par2al	Scia2c	Nerve	Liga2on	 396	
Spinal	Cord	Injury	 384	

Chemotherapy-induced	 341	
Spared	Nerve	Injury	 228	
Crush	Scia2c	Nerve	 78	

Trigeminal	Nerve	Liga2on	 70	
Transec2on	Of	The	Spinal	Nerve	 54	

Nerve	Root	Liga2on	 46	
Transec2on	Of	The	Scia2c	Nerve	 38	

Herpes	Zoster-induced	 35	
Alcohol-induced	 36	

An2-retroviral	Drug-induced	 26	
HIV	Gp120-induced	 27	

CCI	Of	Infraorbital	Nerve	 21	
Root	Transec2on	 20	

Protocol	Registered	at:	
	

www.dcn.ed.ac.uk/
camarades	

/research.html#protocols	



Heterogeneity of Neuropathy Models




Upregulated 

Downregulated  
 

• Bayes	moderated	t		p<	0.05	
• 	>1.2-fold	difference		
• 10%	FDR		
• Affymetrix	Gene	Chip	Rat	Genome	230	2.0		
	

Comparison of Gene Expression in Traumatic and HIV Neuropathies 
 

(Maratou et al Eur J Pain 2009;13:387-398) 


2682	

Nerve	Injury	

14	 229	

HIV 

2419	

Nerve	Injury	

25	 388	

HIV 

Probe Set ID Gene Symbol SNT gp120+dd
c 

1373315_at Arnt2 1.4 1.3 
1376911_at Atp2B4_ 

predicted 2.9 1.3 
1376182_at Bptf_predicted 1.8 1.2 
1377121_at Dlg5_predicted 1.5 1.2 
1383564_at Irf7 3.4 1.2 
1388932_at Lama5 1.8 1.3 
1377103_at Midn_predicted 1.6 1.3 
1387154_at Npy 8.6 1.9 
1368238_at Pap/Reg2  22.3 1.2 
1368303_at Per2 2.6 1.3 
1371910_at Scube1_ 

predicted 1.6 1.4 
1392238_at Slc4a8_ 

predicted 2.2 1.3 
1368359_a_at Vgf 3.5 1.3 
1393477_at --- 5.0 1.5 

Commonly Upregulated 

2682	

Nerve	Injury	

2419	

Nerve	Injury	



Disparity of Biochemical Responses of Dorsal Root Ganglion Cells in 
Models of Peripheral Nerve Trauma and Drug-Induced Neuropathy 

 
Boateng et al Eur J Pain 2015;19:236


Nerve	Trauma	 Drug-Induced		
Neuropathy	

Galanin	

ATF3	

NPY	

GAP-43	



Heterogeneity of  Spinal Microgliosis in Rat Neuropathy Models  
(Blackbeard et al Eur. J Pain 2012;16:1357 & Blackbeard et al J. Neurosci. Meth. 2007;164:207) 
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229	RCTs	
Finnerup	et	al	

Lancet	Neurology	2015;14:162	
	

Diabe2c	PN	
36%	

PHN	18	%	

Mixed	12%	

Central	11%	

PNI	&		
Amput.		8%	

Other	PN	6%	

HIV-SN	5%	

Radicul.	2%	
Other	1%	

4236	Animal	Model	Reports	
Currie,	Sena,	Wodarski,	Morland	et	al		



Challenge 1:


To	develop	and	systemaEcally	profile	a	

poriolio	of	animal	models	that	accurately			

reflect	the	range,	clinical	presentaEons	and	

pathological	heterogeneity	of		diseases	

associated	with	neuropathic	pain	



Profiling Measures




Outcome Measures  



• Pain intensity & 
characteris/cs


•  Spontaneous con/nuous

•  Spontaneous paroxysmal

•  Evoked


• Physical func/on

• Emo/onal func/on

• Global impression of 

change

• Adverse events


Domains of  IMMPACT Recommenda/ons for

 Core Outcome Measures in Chronic Pain RCTs 


Dworkin et al Pain 2005;113:9-19  
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Bridges et al Br. J. Pharmacol. 2001:133:586 

Limb Withdrawal to 

Sensory S/muli




Por[olio of Neuropathic Pain Outcomes 


Animal Studies Human RCTs 

Evoked hypersensitivity +  +/- 
(for	baseline	QST	phenotyping) 

Spontaneous continuous pain _ + 
(Usual 1o efficacy measure) 

Spontaneous paroxysmal pain _ +/- 

Co-morbidity 
• Physical function 
• Emotional function 
• Circadian rhythm disturbance 

_ + 

Adverse events 
 _ + 

Global impression  _ + 



Evoked sensory signs as profiling 
rather than as outcome measure? 
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Challenge 2:


To	develop	profiling	tools	for	use	in	animal	

models	which	are	aligned	with	clinical	

profiling	biomarkers	which	have	predicEve	

uElity		in	pain	clinical	pracEce/trials	eg	

a.  QuanEtaEve	sensory	profiles	

b.  DNIC	/	CondiEoned	pain	modulaEon	



OUTCOME MEASURES




Outcome Measures: 

 

Reproducing the Clinical Signs Associated with 
Neuropathic Pain (Not Symptoms!)  

 
 



• Presence/absence	of	pain	cannot	be	directly	measured	in	humans	
or	animals	

• Measurement	of	pain	in	paEents	reliant	on	“paEent	reported	
outcomes”	

• Pain	can	only	be	inferred	in	animals	by	measuring	changes	in	
ethologically	relevant		behaviours	characterised	by	appropriate	
pharmacological	perturbaEons			



Ethologically Relevant Outcome Measures




Norway Rat “Breeding Deme”


McClintock 1987 



THIGMOTAXIS	IN	OPEN	FIELD	
Hasnie	et	al	Neuroscience	2007;144:1495	

•  Construct:	Behavioural	conIlict	-	
limiting		exposure	(to		risk	of	
predation)	vs	exploratory	drive	

•  Apparatus:	Open	Iield	arena	 Naive 

Huang	et	al		Pain	2013;154:560	

Stavudine (d4T)-induced  
Neuropathy 

Gabapentin	30	mg/kg,	i.p.	
Morphine	2.5	mg/kg,	i.p.	
Diazepam	1	mg/kg,	i.p.	

Wallace	et	al	Neurosci.	Lett		
2008;448:153-156	



BURROWING	
	
•  Construct:	Pharmacologically-sensiEve	

perturbaEon	of	ethological	burrow		maintenance	
behavioural	by	fossorial	rodents	

•  Apparatus:	Substrate-filled	tube	

Deacon		Nat	Protocols.	2006;1:118	
Andrews	et	al	Eur	J	Pain	2012;16:485	
Huang	et	al		Pain	2013;154:560;		
Ruqen	et	al.	Eur	J	Pain	2014;18:204	

Deacon	J.	Vis	Exp	2012;59:e2607	

Andrews	et	al	Eur	J	Pain	2012;16:485	 Huang	et	al		Pain	2013;154:560;		

Deacon	J.Vis.Exp.	2012;59:e2607		



Lundbeck	(staEsEcs)	

Grunenthal	
Boehringer-Ingelheim	

Heidelberg	Univ	(Treede)	

Imperial	College	(Rice)	
Manchester	Univ	(Gardiner)	

Lilly	Lilly	 Asahi	Kasei	

Prospec2ve	Mul2centre	Replica2on	of	Burrowing	as	Outcome	Measure	
Model:	Intra-Plantar	Complete	Freund’	Adjuvant	in	Rats	

Wodarski	et	al	PAIN	in	press	



Primary	Outcome	-	Cross	Centre	Validation	
	

Wodarski	et	al	PAIN	in	press	



Appropriate	Pharmacology	

•  Complex	behaviours	influence	by	
mulEple	“illness	related”	factors,	
including,	but	not	specifically,	pain	

•  Relevance	of	a	behaviour	to	pain	
needs	to	be	a	validated	by	
appropriate	responses	to	drugs	
which	do/do	not	have	efficacy	in	
the	matched	clinical	condiEon.		

•  CFA-induced	reducEons	in	
burrowing	performance	
reversed	by	naproxen,	
pregabalin	or		morphine	

•  CFA-induced	reducEons	in	
burrowing	performance	not	
reversed	by	yohimbine,	
dexamphetamine	or	
chlordiazepoxide	



Challenge 3:


To	develop	and	validate	a	range	of	

ethologically	relevant,	pharmacologically	

validated,	pain-related	outcome	measures	

that	reflect	the	species	specific	impact	of	pain	



Improving Internal Validity 
 

Experimental Design, Conduct, Analysis & Repor/ng 
 
 

Minimising Bias






“Good Laboratory Prac/ce”  
Experimental Design and Conduct of In Vivo Laboratory Experiments   


GLP	Core	Domains	
	

•  Informa2on	about	animals	

•  Sample	size	calcula2on	

•  Explicit	inclusion	and	exclusion	criteria	

•  Randomized	alloca2on	to	groups	

•  Alloca2on	concealment	

•  Blinded	assessment		and	analysis	of	
outcome	

•  Repor2ng	of	animals	excluded	from	analysis	

•  Declara2on	and	repor2ng	poten2al	conflicts	
of	interest	and	study	funding	

•  (Date	stamped	archiving	of	protocol)		

CAMARADES 
 

www.camarades.info 

Sena et al TiNS2007;30:433 
 



Systematic Review of  Chronic Constriction Injury 
Currie, Sena, Wodarski, Morland et al 

 
 887 included publications 

Median reporting quality score 2 out of 8 and IQR (2-1). 
 
 
 
 

CAMARADES 

  % No. of publications 
/Total 

Blinded Assessment of Outcome 29 236/805	

Allocation concealment 3 21/805	

Randomisation - Drug 25 156/621	

Randomisation - Model 9 69/805	

Animal exclusions 17 133/805	

Sample Size Calculation 0.4 3/805	

Animal Welfare Regulations 88 706/805	

Potential Conflicts of Interest 12 99/805	



Publica/ons and Quality Over Time 
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Repor/ng Quality Across Neuropathic Pain Models


 % HIV	 AnEretroviral	 Alcohol	 CIPN	 CCI	 Overall	
quality	

Blinded Assessment of 
Outcome 50	 50	 23	 46	 29	 40	

Allocation concealment 8	 0	 0	 0	 3	 2	

Randomisation - Drug 25	 43	 18	 18	 25	 26	

Randomisation - Model 25	 17	 9	 12	 9	 14	

Animal exclusions 33	 25	 0	 9	 17	 17	

Sample Size Calculation 0	 0	 5	 2	 0.4	 2	

Animal Welfare Regulations 100	 100	 96	 92	 88	 95	

Potential Conflicts of 
Interest 25	 25	 14	 28	 12	 21	



 

 	

Results:	
	
•  	5/14	(36%)	–	described	as	“blinded”	
•  	4/14	(29%)	–	described	as	
“randomised”	

•  	1/14	(7%)	-	reported	withdrawals/
dropouts	

•  	0/14	(0%)		-	described	a	power	
calculaEon	

	
•  	Modified	Jadad	score:	

•  	13/14	–	scored	0/7		
•  	1/14	–	scored	1/7		
•  	0/14	-	scored	>1/7		

 Quality of Experimental Bias Mitigation In Animal 
Studies of Pain 

 
Rice et al Pain 2008;139:241-5 

  
•  Located 14 reports in PAIN vols 128-30 
(2007) which estimated pharmacological 
efficacy in an animal model 

•  Scored with modified Jadad tool1 that 
assesses presence and quality of: 

•  Randomisation 
•  Blinding 
•  Reporting of withdrawals/dropouts  
•  Power calculation 

  
•  Max. score 7 
•  > 5/7 required for inclusion in clinical 
systematic review 
 

Re-analysis of data from 125 
animal studies (Kontinen & Meerk 2003): 

•  29% described as 
“randomised” 
•  28% described as “blinded” 
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Publica/on Bias - Pre-Clinical Studies

•  736	original	comparisons	for	Chemotherapy	Induced	Neuropathy	drug	interven2on	

experiments	
•  Trim	and	fill	analysis	suggests	185	theore2cal	‘missing’	comparisons	

•  Original	global	es2mate	effect	size	1.35	SMD	Units	[1.25-1.44]	
•  Adjusted	global	es2mate	effect	size	0.88	[0.77-0.98]	
•  53%	overes2ma2on	of	efficacy	

Gillian	Currie	



Publica/on Bias – Clinical Trials 
 



Finnerup	et	al	Lancet	Neurology	2015;14:162	

•  191	published	reports	and	21	unpublished	studies	in	clinical	trials.gov	registry	

•  Trim	and	Fill	analysis	suggests	34	theoreEcal	missing	studies	

•  10%	overesEmaEon	of	efficacy	

•  Studies	in	peer-reviewed	journals	reported	greater	effects	than	unpublished	studies	



Adri/on (loss of animals from analysis)  Bias  
 

Holman et al PLoS Biol 2016;14:e1002331


•  SimulaEon	of:	
•  Random	aqriEon	+	=	
reduced	[already	low]	
staEsEcal	power	and	
therefore	increase	risk	of	
false	negaEves	

•  Biased	aqriEon	(targeted	
exclusion	of	outliers)	
exclusion	X	=		dramaEcally	
increased	apparent	effect	
size	the	probability	of	false	
posiEve	results	

•  Meta-analysis	of	stroke	
and	cancer	models	studies	
show	aqriEon	is	rarely	
reported		

•  A	priori	inclusion/exclusion	
criteria	

•  “CONSORT-type”	Flow	chart	



PresentaEon	of	Data	

Morland	RH	et	al.	F1000Research	2015,	4:109		Huang	et	al	PAIN	2013;154:560	



Transparency of Publica/ons 
www.nc3rs.org.uk/arrive-guidelines




Na/onal Ins/tute of Neurological Disorders and Stroke  
 

www.ninds.nih.gov/funding/transparency_in_repor/ng_guidance.pdf


Landis	et	al			Nature	2012;490(7419):187-191.	
	Courtesy	Shai	Silberberg	NINDS	



Transparency of  Repor/ng 
Open Access to Single Animal Level 

Raw Data


•  Technically	possible	with	digital	data	
capture	and	on-line	publicaEon	

•  Independent	scruEny	of	data	

•  Independent	replicaEon	of	analyses	

•  Animal	level	meta-analysis	

•  Conduct	of	alternaEve	analyses	

•  In	silico	tesEng	and	refinement	of	
novel	analysis	paradigms	

www.alltrials.net	



Challenge 4:


To	develop	adequate	design,	conduct,	analysis	and	reporEng	which	
permit:	

	

a.  Assessment	of	rigour	of	experiments	

b.  Meta-analysis	

c.  Access	to	all	data,	including	that	from	sub-sets	of	animals	and	
“outliers”	which	may	be	relevant	to	heterogeneity	



CHALLENGES	IN	ALIGNING	PRE-CLINICAL	RESEARCH	WITH	

PRECISION	PAIN	MEDICINE	AGENDA:	
	

	
1.  Develop	and	validate	poriolio	of	clinically	aligned	

disease	models	and	explore	heterogeneity	

2.  Develop	and	validate	clinically	aligned	profiling	
measures	

3.  Ethologically-relevant,	pharmacologically	validated,	
outcome	measures	and	explore	heterogeneity	

4.  Ensure	rigour	in	the	design,	conduct,	analysis	and	
reporEng	of	pre-clinical	experiments	



Lancet Series on Research Waste 2014 
 

85% Of Biomedical Research Investment Is Wasted - $200 Billion In 2010 

 
Chalmers & Glasziou Lancet 2009; 374:86–89; Lancet Series on Research Waste 2014; Moher, D., et al. Lancet. Online September 28, 2015


www.researchwaste.ne	 www.equator-network.org	




