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Abstract	

	

Oxaliplatin	 induced	peripheral	neuropathy	 is	becoming	an	 increasing	worldwide	economic	and	

quality	of	life	issue	as	the	incidence	of	colorectal	cancer	is	rising	worldwide.	This	dose	limiting	side	

effect	can	have	an	impact	on	survivorship,	yet	there	is	no	known	treatment.	Dose	reductions	can	

reduce	this	neuropathy,	but	these	are	only	made	after	the	onset.		

	

The	 role	 of	 in	 vivo	 confocal	 microscopy	 (IVCM)	 in	 assessment	 corneal	 nerve	 microstructure	

changes	and	the	application	this	has	had	in	other	systemic	conditions	was	reviewed	to	show	it	is	

being	widely	 applied	 across	medical	 disciplines.	 IVCM,	 as	 a	modality	 of	 imaging	 can	 be	 easily	

understood	by	non-ophthalmic	clinicians.	These	clinicians	can	easily	identify	high	corneal	nerve	

densities	and	low	corneal	nerve	densities.	It	is	more	difficult	to	identify	more	subtle	reductions	in	

corneal	 nerve	 density	 and	 this	 is	 a	 challenge	 IVCM	may	 face	 in	 being	 integrated	 into	 clinical	

practice.		

	

This	 thesis	 investigates	 Oxaliplatin	 induced	 peripheral	 neuropathy	 in	 a	 laboratory	 setting	 by	

successfully	 imaging	 the	 corneal	 nerves	 of	mice	 treated	with	Oxaliplatin	with	 ex	 vivo	 confocal	

microscopy	before	progressing	to	investigate	the	use	of	in	vivo	confocal	microscopy	in	detecting	

corneal	 microstructure	 changes	 caused	 by	 Oxaliplatin	 chemotherapy	 and	 correlates	 this	 to	

peripheral	 neuropathy.	 Key	 findings	 include	 no	 correlation	 being	 established	 between	 corneal	

nerve	density,	peripheral	neuropathy	or	total	cumulative	dose	of	chemotherapy.	

	

Corneal	 nerve	 microstructure	 changes	 induced	 by	 radioactive	 plaque	 brachytherapy	 was	

investigated.	There	was	an	agreement	found	with	the	minimal	existing	literature,	that	radioactive	
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plaque	brachytherapy	significant	reduces	corneal	nerve	density,	but	unlike	existing	literature,	not	

all	patients	experienced	a	complete	loss	the	corneal	nerve	plexus.	This	indicates	further	research	

is	needed	to	fully	characterise	this	corneal	neuropathy.		

	

Finally	this	thesis	includes	a	systematic	review	of	the	current	treatments	for	Oxaliplatin	induced	

peripheral	neuropathy.	On	meta-analysis,	there	is	no	agent	that	successfully	treats	or	prevents	this	

neuropathy.		

	

In	 conclusion	 it	 is	 important	 to	 assess	 corneal	 nerve	 microstructure	 changes	 associated	 with	

Oxaliplatin	chemotherapy	and	radioactive	plaque	brachytherapy.	Both	these	treatments	create	a	

corneal	 neuropathy,	 easily	 detected	 by	 IVCM,	 but	 the	 role	 of	 this	 in	 tailoring	 treatment	 and	

monitoring	response	is	not	fully	understood.		
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1.1	Human	Corneal	Anatomy	

	

1.1.1	Gross	anatomy:	

	

The	 cornea	 is	 the	 transparent	 anterior	 surface	 of	 the	 eye	 that	 forms	 an	 interface	 with	 the	

environment.1-3	Anatomically	it	is	a	dome-like	structure	that	is	continuous	with	the	sclera	at	the	

corneo-scleral	limbus.4	

	

	

	

	

	

	

	

	

	

	

Anteriorly	 the	 cornea	 is	 a	 convex,	 elliptical	 structure	 and	 measures	 approximately	 10.6mm	

vertically,	 and	11.7mm	horizontally.4,	 5Posteriorly	 it	 is	 concave	and	 circular	with	 a	diameter	of	

approximately	11.7mm.4,	5	

	

The	cornea	comprises	two-thirds	of	the	eye’s	total	refractive	power,	approximately	40	diopters	

(D).1,	4,	6	The	remaining	third	of	the	total	refractive	power	(20	D)	comes	from	the	crystalline	lens	

situated	in	the	posterior	chamber.4	

	

Sclera 

Limbus 

Cornea 

Pupil 

Figure	1.1:	Gross	anatomy	of	the	external	aspect	of	the	human	eye.	Image	taken	
by	Dr	Ellen	Tyler	and	used	with	subject’s	permission.		
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Light	entering	the	eye	is	first	refracted	by	the	cornea,	then	travels	through	the	pupil,	before	being	

refracted	by	the	crystalline	lens.4	This	process	allows	the	formation	of	a	sharp	optical	image	on	the	

retina	where	the	focal	point	is	at	the	exact	location	of	the	retina.4	Deviations	in	the	focal	point	from	

the	retinal	surface	result	in	refractive	errors	and	may	occur	due	to	variations	in	the	axial	length	of	

the	eye,	corneal	curvature,	or	refractive	index	or	position	of	the	crystalline	lens..2	

	

The	anterior	surface	of	the	cornea	is	not	uniformly	curved.		The	central	optical	zone,	approximately	

the	central	third	of	the	corneal	surface,	has	a	radius	of	curvature	of	approximately	7.8mm.4		This	is	

also	the	thinnest	part	of	 the	cornea	with	a	thickness	of	550μm	(480-620μm).1,	4	The	peripheral	

cornea	is	relatively	flattened	and	thicker,	with	a	thickness	of	approximately	700μm.4	

	

The	ability	of	the	cornea	to	refract	and	transmit	light	into	the	eye	depends	on	its	transparency.2,	

6This	transparency	is	thought	to	be	achieved	through	the	regular	alignment	of	the	collagen	fibres	

within	the	corneal	stroma	and	the	ability	of	the	corneal	endothelium	to	maintain	a	relative	level	of	

dehydration	 within	 the	 avascular	 cornea.2,	 6	 Failure	 of	 the	 endothelium	 to	 maintain	 this	

dehydration	 results	 in	 fluid	 entering	 the	 cornea	 and	 causing	 oedema,	 with	 resulting	 loss	 of	

transparency.9	

	

The	avascular	nature	of	the	cornea	is	necessary	to	maintain	transparency	and	results	in	corneal	

nourishment	 being	 dependent	 on	 diffusion	 from	 three	 different	 sources:	 the	 tear	 film	 on	 the	

anterior	 surface,	 the	 aqueous	 humour	 produced	 by	 the	 ciliary	 body	 posteriorly	 and	 from	 the	

vasculature	in	the	corneo-scleral	limbus.10	
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1.1.2	Microscopic	anatomy:	

The	 cornea	 comprises	 five	 separate	 layers,	 each	with	 a	different	microscopic	 structure.4	 These	

layers	are:	epithelium,	Bowman’s	layer,	stroma,	Descemet’s	membrane	and	endothelium	(a	sixth	

artefactual	layer,	Dua’s	layer	may	be	reported	by	some	authors).4	

	

	

	

Epithelium:	

Corneal	epithelium	is	the	most	anterior	of	all	the	corneal	layers	and	is	directly	in	contact	with	the	

pre-ocular	 tear	 film.1	 Its	 embryonic	 origin	 is	 from	 the	 surface	 ectoderm.11	 The	 epithelium	 is	

transparent,	 stratified	 into	 five	 or	 six	 layers,	 squamous	 and	 non-keratinised.11	 The	 corneal	

epithelium	 is	approximately	50μm	thick	and	can	be	morphologically	 further	divided	 into	 three	

cellular	layers:	the	superficial	squamous	layer,	the	intermediate	wing	cell	layer	and	the	deep	basal	

layer.1	

	

Epithelium 

Stroma 

Endothelium 

Bowman’s layer 

Descemet’s 
membrane 

Figure	1.2:	Microscopic	corneal	anatomy,	stained	with	Haematoxylin	and	Eosin	staining.	

Image	courtesy	of	Mr	Nigel	Brookes	at	University	of	Auckland.	
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The	cells	in	the	corneal	epithelium	derive	from	the	deep	basal	layer	and	throughout	their	lifespan	

migrate	anteriorly	and	differentiate	progressively	through	the	different	layers.1,	4	They	ultimately	

reach	the	superficial	squamous	layer	where	they	are	sloughed	from	the	surface.1,	4	

	

The	function	of	the	epithelium	is	to	protect	against	infection	and	trauma,	and	provide	a	barrier	to	

the	influx	of	water	into	the	stroma	from	the	tear	film.1	The	epithelium	repairs	itself	after	damage	

via	 the	 immediate	movement	 of	 neighbouring	 epithelial	 cells	 to	 cover	 the	 defect	 and	 eventual	

thickening	of	the	damaged	epithelium	and	restoration	of	normal	morphology.11	

	

Dendritic	 Langerhans’	 cells	 can	 also	 be	 present	 in	 the	 corneal	 epithelium.1,	 12,	 13These	 are	

professional	antigen	presenting	cells	that	play	a	key	role	in	the	corneal	immune	response.14-18	The	

density	 of	 Langerhans’	 cells	 is	 increased	 in	 contact	 lens	 wearers	 and	 in	 corneal	 infection	 or	

inflammation.12	

	

Superficial	Epithelium:	

The	superficial	squamous	cells	make	up	the	anterior	two	or	three	layers	of	the	epithelial	surface.1	

These	are	well	differentiated	cells	that	have	no	proliferation	potential.1	They	are	flattened	in	shape	

and	therefore	have	the	largest	surface	area	of	any	of	the	epithelial	cells,	measuring	40-60µm	in	

diameter,	with	the	outermost	layer	of	cells	being	the	widest	and	flattest.1	They	are	hexagonal	in	

shape	 and	 project	 surface	microvilli	 and	microplicae	which	 increases	 the	 cell	 surface	 area	 for	

maximal	exchange	of	nutrients	and	optimum	oxygenation.19	They	are	also	thought	to	play	a	role	in	

stabilising	the	deep	precorneal	tear	film.19	

	

Superficial	 squamous	 cells	 are	 joined	 by	 desmosomes,	 adherens	 junctions	 and	 tight	 junctions,	

which	impart	the	ability	to	form	a	barrier	against	infection	and	to	prevent	excess	fluid	entering	the	
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stroma;	therefore	the	surface	epithelium	has	the	properties	of	a	semipermeable	membrane.1	The	

permeability	of	this	layer	increases	with	age,	increasing	the	risk	of	infection.20	

	

Intermediate	wing	cells:	

The	intermediate	wing	cells	are	named	for	their	characteristic	shape	with	wing	shaped	processes.1	

These	 processes	 are	 extensively	 inter-digitated	 and	 connect	 to	 adjacent	 cells	 through	

desmosomes.1	They	form	1-3	layers	of	cells	beneath	the	superficial	squamous	cells	and	exist	in	an	

intermediate	form	of	cell	differentiation	between	basal	and	superficial	epithelial	cells.1	

Basal	epithelium:	

The	basal	epithelium	is	the	deepest	layer	of	the	corneal	epithelium	and	is	comprised	of	a	monolayer	

of	columnar	cells	that	are	8-10μm	wide	and	15-10μm	tall	and	is	continuous	peripherally	with	the	

limbus.21	 These	 cells	 lie	 on	 the	 epithelial	 basement	 membrane	 and	 adhere	 to	 this	 membrane	

through	hemidesmosomes.1	

	

The	basal	epithelium	represents	the	germ	layer	of	the	corneal	epithelium.	Unlike	the	superficial	

and	wing	cells,	this	layer	possesses	mitotic	ability	and	differentiates	into	wing	and	superficial	cells.1	

	

Epithelial	basement	membrane:		

The	 basement	 membrane	 is	 a	 40-60nm	 thin,	 continuous	 layer	 of	 granulo-amorphous	 and	

filamentary	material	that	is	a	network	of	type	IV	collagen	and	laminin.1	It	is	secreted	by	the	basal	

epithelial	cells	and	is	strongly	adherent	to	Bowman’s	layer	posteriorly.21	The	epithelial	basement	

membrane	provides	a	platform	for	the	structural	organization	of	the	epithelium..21	
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Bowman’s	layer:	

Bowman’s	layer	is	a	8-14μm	thick	acellular	zone	located	immediately	posterior	to	the	epithelial	

basement	membrane.22	The	role	of	Bowman’s	layer	is	unknown	but	has	been	theorized	to	have	

some	function	in	maintenance	of	corneal	structure	or	to	be	a	barrier	to	infection,	however,	it	does	

not	 appear	 to	 be	 necessary	 for	 corneal	 function,	 as	 it	 does	 not	 regenerate	 once	 damaged	 or	

surgically	removed	(e.g.	post	excimer	laser	photorefractive	keratectomy).22	

	

Microscopically	Bowman’s	layer	appears	to	be	a	random	arrangement	of	type	I	and	III	collagen	and	

proteoglycans	which	 are	 secreted	 by	 the	 corneal	 stromal	 keratocytes.1	 The	 anterior	 surface	 of	

Bowman’s	layer	is	smooth,	lies	immediately	deep	to	the	epithelial	basement	membrane	and	the	

posterior	surface	is	continuous	with	the	corneal	stroma.1	

	

Stroma:	

The	corneal	stroma	makes	up	90%	of	 the	total	volume	of	 the	cornea	and	 is	a	connective	tissue	

comprised	of	collagen	lamellae	that	are	arranged	in	regular,	parallel	layers	to	the	corneal	surface.1,	

23	 	 There	 are	 over	200	 collagen	 lamellae	 in	 the	 central	 cornea,	with	 this	 number	 increasing	 to	

approximately	500	in	the	corneal	periphery.23	

	

The	specific,	regular	arrangement	of	the	collagen	fibrils	is	the	structural	basis	of	corneal	shape	and	

structure	 (robustness)	 and	 allows	 for	 corneal	 transparency.1,	 10,	 23The	 lamellae	 predominantly	

consist	 of	 type	 I	 collagen,	 with	 smaller	 amounts	 of	 types	 III,	 V	 and	 VI	 collagen.1,	 24	 A	 matrix	

comprising	 of	 proteoglycans,	 glycoproteins,	 salts	 and	 keratocytes	 surrounds	 the	 lamellae.	

Protecoglycans	 have	 water-absorption	 and	 retention	 properties,	 that	 keeps	 the	 cornea	

approximately	78%	hydrated.25	It	is	hypothesized	that	the	proteoglycans	play	an	important	role	in	

maintaining	the	specific	alignment	of	the	collagen	lamellae	and	collagen	production.1	
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Corneal	collagen	fibrils	are	25-33nm	in	diameter	at	all	corneal	locations	and	are	spaced	57nm	from	

centre-to-centre	 in	 the	 central	 cornea	 and	 62nm	 in	 the	 corneal	 periphery.23,	 24	 The	 density	 of	

collagen	fibrils	is	1.12	times	greater	in	the	posterior	stroma	compared	to	the	anterior	stroma.10	

	

The	cellular	density	of	the	stroma	is	low	with	only	3-5%	of	total	volume	comprising	of	keratocytes.	

Keratocytes	are	flattened	cells	that	extensively	interconnect	via	long	processes	and	gap	junctions.26	

This	allows	cell-to-cell	communication	and	transport	of	growth	factors.		

	

Keratocytes	secrete	the	matrix	of	stromal	collagen	and	proteoglycans	and	glycoproteins	and	are	

located	 between	 the	 collagen	 lamellae.27Keratocyte	 density	 varies	 throughout	 the	 stroma.28	

Cellular	density	is	highest	in	the	anterior	stroma	and	gradually	decreases	posteriorly	with	there	

being	a	 slight	 increase	 immediately	anterior	 to	Descemet’s	membrane.26,	28The	anterior	 stroma	

possesses	 twice	 the	 amount	 of	 keratocytes	 as	 the	 mid	 and	 posterior	 stroma,	 resulting	 in	 the	

anterior	stroma	being	the	most	metabolically	active.27,	29,	30	

	

	

Descemet’s	Membrane:	

Descemet’s	membrane	is	 the	basement	membrane	of	 the	corneal	endothelium.	It	 functions	as	a	

semi-permeable	 membrane	 that	 allows	 movement	 of	 molecules	 between	 the	 stroma	 and	 the	

anterior	chamber	of	the	eye.6	It	exists	as	a	collagen	bilayer.	The	anterior	layer	is	3μm	thick	and	is	

generated	during	foetal	development.31	It	is	comprised	of	regular	banded	collagen.31	The	posterior	

layer	 is	 significantly	 thicker,	 measuring	 5-15μm	 and	 is	 comprised	 of	 collagen	 secreted	 by	

endothelial	cells	throughout	life.31,	32	The	posterior	layer	of	Descemet’s	membrane	has	the		ability	

to	regenerate	if	damaged.31	
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Endothelium:	

The	endothelium	is	a	monolayer	located	at	the	posterior	aspect	of	Descemet’s	membrane.4	This	

layer	 consists	of	 cuboidal	 cells	 that	 are	hexagonal	 at	 their	 anterior	 surface	and	are	extensively	

interdigitated	posteriorly.33,	34Each	cell	is	4-6μm	thick	and	20μm	in	diameter.1,	33,	34		The	corneal	

endothelium	is	the	most	metabolically	active	part	of	the	cornea,	with	endothelial	cells	exhibiting	

multiple	mitochondria	and	rough	and	smooth	endoplasmic	reticulum,	utilizing	oxygen,	glucose	and	

amino	acids	that	are	supplied	by	the	aqueous	humour.1,	34-36	

	

An	 important	 function	 of	 the	 endothelium	 is	 to	 keep	 the	 corneal	 stroma	 in	 a	 state	 of	 relative	

dehydration	and	prevent	stromal	oedema.9,	34	There	is	a	lack	of	tight	junctions	between	endothelial	

cells	and	while	bulk	fluid	flow	is	prevented,	para-cellular	percolation	of	aqueous	humour	into	the	

stroma	is	permitted.35	This	allows	the	flow	of	glucose	and	amino	acids	into	the	stroma,	providing	

the	acellular	cornea	with	essential	nutrients.36	

	

NA+/K+-ATPase	pumps	and	bicarbonate	dependent	Mg2+-ATPase	ionic	pumps	pump	excess	fluid	

out	 of	 the	 corneal	 stroma.1,	 36These	pumps	 are	 located	 on	 the	 lateral	 cell	membranes	 and	 also	

create	ionic	gradients	that	facilitate	passive	flow	of	fluid	from	the	stroma	into	the	aqueous	humour.		

This	maintains	the	stroma	at	approximately	78%	hydration	and	is	critical	to	the	maintenance	of	

transparency	of	the	cornea	as	accumulation	of	fluid	disrupts	the	alignment	of	collagen	fibrils	and	

compromises	transparency.9,	34	

	

Endothelial	cell	loss	occurs	throughout	life	and	endothelial	cells	have	limited	ability	to	proliferate	

in	vivo	.37	Human	endothelial	cell	density	is	approximately	6000cells/mm2	at	birth	and	decreases	

over	the	first	five	years	of	life	to	a	density	of	3500cells/mm2.32,	38After	the	first	five	years	of	life	cell	

density	declines	with	increasing	corneal	diameter	and	in	adult	life	it	declines	linearly	at	the	rate	of	



10 
 

0.6%	per	year.37,	38	The	cause	of	this	cell	loss	is	not	fully	understood;	with	some	suggesting	that	cell	

apoptosis	caused	by	light	induced	oxidative	damage	is	at	least	partially	responsible.35	

	

The	limbus:	

The	limbus	is	the	junction	between	the	cornea	and	the	sclera	and	is	sub-divided	into	the	corneal	

limbus	and	the	scleral	limbus	anatomically.	It	is	approximately	1.5mm	wide	in	the	horizontal	plane	

and	2.0mm	vertically.39	

	

The	 corneal	 limbus	 is	 demarcated	 by	 the	 termination	 of	 Bowman’s	 layer	 and	 Descemet’s	

membrane.4	 The	 scleral	 limbus	 is	 less	 clearly	 defined	 by	 a	 line	 that	 runs	 perpendicular	 to	 the	

corneal	surface,	running	through	the	scleral	spur.4	

	

The	limbus	provides	a	niche	for	corneal	epithelial	stem	cells	and	thus	plays	an	integral	role	in	the	

maintenance	of	the	corneal	epithelium.40Limbal	stem	cell	deficiency	leads	to	a	failure	of	the	corneal	

epithelium	to	regenerate	and	results	in	conjunctivalisation	of	the	cornea.40	

	

1.1.3	Corneal	innervation	

The	cornea	is	the	most	highly	innervated	structure	of	all	human	tissues,		with	a	nerve	density	600	

times	 that	 of	 skin	 and	 40	 times	 that	 of	 tooth	 pulp.41	 Corneal	 innervation	 is	 required	 for	 pain	

sensation	and	tissue	repair.1	

	

Corneal	 innervation	 is	 sensory	 only	 and	 is	 supplied	 by	 the	 anterior	 ciliary	 nerves	 from	 the	

ophthalmic	division	of	the	trigeminal	nerve	and	nerves	of	the	surrounding	conjunctiva.1,	42,	43While	

animal	studies	have	demonstrated	sympathetic	and	parasympathetic	innervation	of	the	cornea	in	

rabbits	and	cats,	it	remains	unclear	whether	the	same	exists	in	humans.41,	44	
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Nerve	 bundles	 enter	 the	 cornea	 at	 the	 peripheral	mid	 stroma	 and	 run	 radially,	 parallel	 to	 the	

corneal	surface.1	Each	nerve	bundle	contains	myelinated	fibres	and	small	unmyelinated	fibres.42	

The	nerve	bundles	lose	their	myelin	sheaths	and	remain	only	in	Schwann	cell	sheaths	1.0-1.5mm	

from	the	limbus	and	continue	their	track	through	the	cornea.1,	42	The	nerves	continue	to	branch	

dichotomously	towards	the	corneal	centre.45	

	

Corneal	stromal	nerves	pass	through	Bowman’s	layer	in	the	peripheral	and	central	cornea,	losing	

their	 Schwann	 cell	 sheaths.42	 to	 the	 nerve	 bundles	 then	 divide	 and	 run	 parallel	 to	 the	 corneal	

surface	 (between	 Bowman’s	 layer	 and	 the	 epithelium),	 forming	 the	 corneal	 sub-basal	 nerve	

plexus.46,	47	Corneal	nerves	can	be	divided	into	fast	conducting,	myelinated	Aδ	fibres	responsible	

for	mechanical	 and	 heat	 stimuli	 and	 slower	 conducting	 unmyelinated	 C	 fibres	 responsible	 for	

cooling	stimuli.36	

	

Corneal	 innervation	plays	 in	a	key	role	 in	 the	protective	corneal	 reflex	and	 the	maintenance	of	

corneal	 health.48	 Disrupted	 corneal	 innervation	 has	 been	 associated	 with	 altered	 epithelial	

structure,	poor	tear	film,	delayed	wound	healing	and	increased	corneal	permeability.48	

	

	

1.2	In	vivo	Confocal	Microscopy	–	basic	concepts	and	modalities	

The	ability	to	examine	and	image	the	living	human	cornea	has	been	the	mainstay	of	diagnosis	and	

treatment	of	 corneal	disease.	The	repertoire	of	 technology	available	 to	clinicians	and	scientists	

alike	has	widely	expanded	over	the	last	few	decades	with	the	introduction	of	computerised	corneal	

tomography,	ultrasound	biomicroscopy,	specular	microscopy	and	 in	vivo	confocal	microscopy.49	

The	development	of	in	vivo	confocal	microscopy	has	enabled	the	examination	of	the	living	human	

cornea	at	the	cellular	and	microstructural	level.50	
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In	 vivo	 	 confocal	 microscopy	 is	 a	 unique,	 non-invasive	 tool	 that	 allows	 imaging	 of	 the	

microstructure	of	every	layer	of	the	cornea	in	vivo	,	in	real-time.50,	51	Its	ability	to	examine	the	living	

cornea	in	healthy	and	diseased	states	without	tissue	damage	has	provided	clinicians	and	scientists	

with	a	unique	ability	to	view	optical	sections	of	the	microstructure	of	the	same	cornea	at	multiple	

time-points;	making	it	a	potentially	powerful	monitoring	and	diagnostic	tool.51-54	

	

1.2.1	Development	of	confocal	microscopy	–	a	historical	overview.	

The	principle	of	confocal	scanning	microscopy	was	first	described	in	1955	by	Marvin	Minsky.55	The	

original	model	consisted	of	a	mobile	stage	driven	by	an	electrical	tuning	fork.55	Specimens	could	

be	mounted	onto	the	stage	and	movement	of	the	stage	relative	to	the	optical	system	generated	field	

of	view.55	

	

The	optical	system	in	place	was	a	dual	lens	system	comprised	of	a	condenser	lens	to	focus	the	light	

source	on	an	area	of	tissue	with	the	objective	lens	also	focussing	light	on	the	same	area.56	The	term	

“confocal”	was	derived	as	both	lenses	share	a	common	focal	point.56	The	objective	lens	only	detects	

a	small	amount	of	the	light	from	out	of	focus	planes	and	thereby	provides	the	axial	resolution	and	

optical	 sectioning	 that	 is	 a	 key	 feature	 of	 confocal	microscopy.57	 	 These	 principles	 impart	 the	

properties	of	depth	discrimination	to	confocal	microscopy	but	 is	associated	with	a	very	 limited	

field	of	 view.57	 This	 limitation	 can	be	overcome	by	 scanning	multiple	points	 simultaneously	or	

using	slits	to	create	the	image.3	

	

The	challenge	faced	in	generating	thin	optical	sections	of	living	corneal	tissue	arises	from	the	fact	

that	this	transparent	structure	only	reflects	1%	of	incident	light.49	

	

	

	



13 
 

1.2.2	Tandem	scanning	confocal	microscope	(TSCM)	

The	first	real-time	TSCM	was	developed	by	Petran	and	Hadravsky	in	1968.58,	59	It	was	based	around	

point	illumination	and	detection	with	64,000	sets	of	conjugate	pinholes	arranged	in	Archimedes	

spirals	called	a	Nipkow	spinning	disc.60	Each	pinhole	is	20-60μm	in	diameter,	depending	on	the	

model	 of	microscope	 and	 the	Nipkow	disc	 rotates	 at	 900	 revolutions	 per	minute,	 illuminating	

approximately	100	pinholes	 at	 a	 time.59	 This	 effect	 generates	multiple	 excitation	 and	 emission	

pinholes.59	Reflected	light	passes	through	the	conjugate	pinholes	and	generates	a	two	dimensional	

image	of	the	cornea.		

	

	

	

 

 
	

	

	

	

	

	

	

	

	

	

The	pinholes	must	be	as	small	as	possible	to	eliminate	light	scattered	but	resulted	in	very	low	light	

levels	with	only	1%	of	the	incident	light	reaching	the	cornea.60	Thus	TSCM	is	composed	of	a	high	

intensity	light	source	and	a	low	light	detection	camera	for	image	acquisition.	Egger	and	Petran	used	

the	TSCM	to	evaluate	neuronal	tissue	and	almost	two	decades	elapsed	before	this	system	was	used	

Figure	1.3:	Schematic	diagram	of	the	tandem	scanning	confocal	microscope.	

Figure	adapted	from	Cavanagh	et.	al.3	
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the	view	ocular	tissue.59,	61,	62Lemp	et	al	were	the	first	to	image	the	full	thickness	of	an	ex	vivo	human	

cornea	in	1985.63	

	

1.2.3	Slit	scanning	confocal	microscope	(SSCM)	

The	slit	scanning	confocal	microscope	was	developed	in	1969	by	Svishchev.	Like	his	predecessors,	

he	used	the	SSCM	to	image	neuronal	tissue.64SSCM	utilises	two	conjugate	slits	in	the	place	of	the	

conjugate	pinhole	system	used	in	TSCM.	This	method	involves	a	slit	of	illumination	scanned	over	

the	 back	 focal	 plane	 of	 the	microscope	 objective.51	 It	 was	 first	 used	 in	 1994	 by	 Thaer	 for	 the	

observation	of	the	cornea	in	vivo		as	an	alternative	to	point	scanning.50,	51,	65,	66	This	method	allowed	

many	points	along	the	axis	of	the	slit	to	be	scanned	in	parallel	and	allows	more	light	to	reach	the	

cornea	than	TSCM,	reducing	the	intensity	of	the	light	source	needed	and	significantly	increasing	

scan	time	without	inducing	an	afterimage.56	

 
 
This	design	removed	almost	all	of	the	scattered	light	from	all	layers	except	the	focal	plane.56	SSCM	

achieves	greater	image	contrast	than	TSCM	and	therefore	enables	imaging	of	the	corneal	stroma	

and	epithelium	in	greater	detail.		Slit	height	can	also	be	varied	throughout	the	scanning	period	to	

control	the	depth	of	the	optical	section	being	imaged.50	The	microscope	is	only	truly	confocal	in	the	

axis	 perpendicular	 to	 the	 slit	 height	 and	 so	 provides	 less	 than	half	 of	 the	 transverse	 and	 axial	

resolution	than	the	TSCM.50	

	

Svishchev	suggested	that	in	the	future,	a	point	scanning	system	with	continuous	wave	lasers	would	

improve	 imaging	of	 thick,	 transparent,	 light-scattering	objects.64	This	 idea	 formed	 the	basis	 for	

laser-scanning	confocal	microscopy.		
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1.2.4	Laser	scanning	confocal	microscope	(LSCM)	

The	LSCM	uses	light	from	a	high	intensity,	class	I,	laser	source	and	a	set	of	galvanometer	scanning	

mirrors	 to	 scan	 over	 the	 back	 of	 the	microscope	 objective	 lens.53	 Light	 emitted	 from	 the	 laser	

passes	 through	a	pinhole	before	hitting	a	dichroic	beam-splitter	mirror.	This	 then	reflects	 light	

onto	the	set	of	orthogonally	oriented	galvanometer	mirrors	that	direct	light	in	the	x-axis	and	y-

axis.	Light	is	then	focussed	through	an	objective	lens,	onto	the	same	spot	on	the	specimen.	Reflected	

light	passes	through	the	dichroic	mirror,	through	a	detection	pinhole	which	filters	out	all	scattered	

light	and	is	collected	by	the	photomultiplier	detector.56	

	

	

	

	

	

The	 IVCM	 images	 used	 in	 this	 thesis	were	 acquired	 using	 a	 commercially	 available	 LSCM,	 the	

Rostock	 Cornea	 Module	 (Heidelberg	 Retina	 Tomograph	 III	 Rostock	 Cornea	 Module	 [RCM];	

Heidelberg	Engineering	GmbH,	Heidelberg,	Germany),	following	well-established	protocols.39,	67,	68	

Focal plane depth 

Chin rest 

Foot pedal for 
image acquisition 

Z-axis 

X-axis 

Y-axis 

Figure1.4:	The	laser	scanning	confocal	microscope	used	in	this	thesis.	This	is	the	

Heidelberg	Retina	Tomography	III,	Rostock	Cornea	Module.	Pertinent	features	for	

operating	the	microscope	are	labelled.	
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The	device	utilises	a	670nm	wavelength	diode	laser	beam	in	a	raster	pattern	over	the	field	of	view,	

a	 63x	 magnification	 objective	 lens	 and	 provides	 images	 representing	 400µm	 x	 400µm	 of	 the	

cornea.53,	68,	69	The	LSCM	is	able	to	acquire	images	of	1µm	resolution,	reportedly	up	to	ten	times	

greater	than	which	can	be	achieved	through	the	TSCM	and	SSCM.39,	68	
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Chapter	2:Colorectal	cancer,	Oxaliplatin	and	
Oxaliplatin	induced	peripheral	neuropathy	
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2.1Pathophysiology	of	Colorectal	Cancer		

Colorectal	cancer	(CRC)	is	a	cancer	arising	from	the	colon	or	the	rectum.	It	is	the	most	common	

gastrointestinal	cancer,	the	second	most	common	cancer	in	developed	countries,	second	only	to	

lung	malignancies.8,	70,	71CRC	carries	a	significant	burden	of	disease	both	internationally	and	within	

New	Zealand.72,	73Unsurprisingly	it	continues	to	be	a	leading	cause	of	cancer	death,	despite	recent	

advances	in	diagnosis	and	treatment.		

	

Within	this	thesis,	colorectal	cancer	is	defined	as	a	solid	organ,	malignant	lesion	arising	from	the	

epithelial	lining	of	the	colon	or	rectum.	The	anatomical	boundaries	of	these	lesions	are	between	

the	ileo-caecal	valve	and	the	ano-rectal	junction.74	In	this	thesis,	colorectal	cancer	is	used	to	refer	

specifically	to	adenocarcinoma	of	the	colon	and	rectum,	other	malignancies	of	the	colon	and	rectum	

are	not	 included	 in	 this	definition.	The	 current	 chapter	will	 discuss	 adenocarcinoma	colorectal	

cancer	 and	 its	 treatment	 in	 humans.	 Chapter	 five	 will	 address	 corneal	 nerve	 density	 changes	

induced	 by	 Oxaliplatin	 chemotherapy	 for	 treatment	 of	 adenocarcinoma	 colorectal	 cancer	 in	

humans,	chapter	four	will	investigate	the	effect	of	Oxaliplatin	chemotherapy	in	mouse	eyes.	

	

2.1.1	Aetiology	

CRC	 arises	 as	 a	 malignant	 transformation	 within	 an	 adenomatous	 polyp,	 a	 benign	 neoplastic	

precursor,	with	 serrated	 adenomas	 exhibiting	 higher	 rates	 of	malignant	 transformation.75	 It	 is	

thought	to	take	many	years	for	normal	epithelium	to	transition	from	an	adenoma	and	then	to	an	

adenocarcinoma,	 theoretically	providing	an	adequate	 timespan	 for	early	detection	of	disease.74,	

75Colorectal	 adenocarcinomas	 tend	 to	 be	 well	 differentiated	 lesions,	 maintaining	 their	

resemblance	to	their	tissue	of	origin.	74,	75	

	

	



19 
 

The	total	incidence	worldwide	of	CRC	is	currently	estimated	at	1.2	million	cases	per	year,	with	a	

mortality	rate	of	nearly	50%.8	CRC	is	the	third	most	common	in	men,	after	lung	and	prostate	cancer	

while	the	second	most	common	in	women	after	breast	cancer.	Colon	lesions	are	more	common	in	

women,	while	rectal	lesions	are	more	common	in	men.71,	75	

	

Incidence	of	CRC	begins	to	rise	after	the	age	of	40	and	peaks	around	60-75	years	of	age.	About	80%	

of	 all	 cases	 are	 sporadic	 and	 20%	 of	 cases	 have	 a	 genetic	 component.	 Risk	 factors	 include	

inflammatory	bowel	disorders,	 low-fibre	and	high	protein	and	fat	intake	dietary	habits.71	These	

risk	factors	are	reflected	in	the	large	variation	in	CRC	rates	internationally.71	

	

	

2.1.2	Incidence	and	mortality	in	New	Zealand	

New	Zealand	has	one	of	the	world’s	highest	rates	of	colorectal	cancer	per	capita.76	The	Ministry	of	

Health	reports	colorectal	cancer	represents	significant	morbidity	and	mortality	to	New	Zealand	

and	is	the	second	highest	cause	of	cancer	death,	more	than	those	of	prostate	cancer	and	breast	

cancer	combined.70,	76Each	year	more	than	3,000	patients	are	diagnosed	with	CRC,	and	over	1,000	

of	 these	patients	will	 die	despite	 advances	 in	 treatment.71	 The	 age	 standardised	 rate	 is	 44	per	

100,000,	over	double	the	worldwide	mean.77-80In	2014,	treatment	of	colorectal	cancer	cost	the	New	

Zealand	health	service	$83.6	million	with	the	economic	forecast	of	expenditure	of	$100.2	million	

in	2026.8,	72			
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The	 rates	 of	 CRC	 in	New	 Zealand	 vary	 by	 ethnicity	with	Māori,	 the	 indigenous	 people	 of	 New	

Zealand,	exhibiting	lower	rates	per	100,000	than	non-Māori.70	CRC	is	one	of	the	few	cancers	for	

which	 Māori	 have	 lower	 incidence	 and	 mortality	 rates	 than	 non-Māori	 historically.	 This	 is	

evidenced	by	figures	from	the	Ministry	of	Health	and	the	New	Zealand	Cancer	Registry	which	show	

Figure	2.1:	Age-standardised	worldwide	incidence	of	mortality	and	morbidity	from	colorectal	

cancer,	values	stated	per	100,000.	Adapted	from	Ferlay	et	al.	8	
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the	 age	 standardised	 incidence	 for	Māori	 and	 non-Māori	men	was	 35.2	 per	 100,000	 and	 52.6	

respectively	and	30.5	per	100,000	for	Māori	women	and	37.7	for	non-Māori	women.	70	

	

Interestingly,	despite	the	difference	in	incidence,	there	is	a	trend	in	mortality	rates	for	Māori	CRC	

patients	 that	 is	worrying.	While	mortality	rates	have	been	 falling	 for	non-Māori	patients,	 it	has	

remained	stable	in	Māoriwith	Māori	patients	being	up	to	36%	more	likely	to	die	from	their	CRC.81-

83	

	

Māori	patients	are	more	 likely	 to	present	 to	medical	practitioners	with	advanced	CRC	or	as	an	

emergency	case	in	addition	to	having	higher	rates	of	comorbidities	and	poorer	access	to	health	

care	services.81-84All	of	these	factors	lead	to	Māori	patients	being	less	likely	to	be	offered	adjuvant	

treatment	and	accessing	it	in	a	timely	manner	to	obtain	a	survival	benefit.81-84	

	

Annually	≥200	patients	 are	 treated	using	Oxaliplatin	 in	Auckland	Hospital.	Unfortunately	up	 to	

80%	 of	 patients	 treated	will	 experience	 chemotherapy	 induced	 peripheral	 neuropathy	 (CIPN),	

often	 sufficiently	 severe	 to	 limit	 the	 dose	 of	 chemotherapy	 delivered,	 or	 terminate	 treatment	

altogether.	 An	 objective	 method	 of	 assessing	 chemotherapy-induced	 peripheral	 neuropathy	 is	

therefore	needed	to	minimize	long	term	toxicity,	and	yet	maximize	dose	effectiveness.		

	

	

2.1.3	Symptoms	and	signs	

CRC	typically	has	a	slow	rate	of	growth	and	so	there	may	be	a	long	time	interval	between	malignant	

transformation	 and	 onset	 of	 presenting	 symptoms.85	 Some	 CRCs	 are	 asymptomatic	 and	 found	
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incidentally	through	screening	programs.	Symptoms	at	presentation	can	vary	depending	on	the	

site	of	the	lesion,	its	size	and	complications	that	may	be	associated	with	these	factors.75,	85	

	

The	right	ascending	colon	is	at	the	junction	with	the	caecum	and	small	bowel.	Its	contents	are	thus	

liquid	and	it	has	a	larger	diameter	with	a	thinner	wall.85	Lesions	in	the	right	side	of	the	colon	may	

grow	large	enough	to	be	palpated	through	the	abdominal	wall	and	patients	with	right	sided	lesions	

tend	to	present	with	fatigue,	anaemia	and	malaenaas	their	main	complaints.	Bowel	obstruction	is	

rarely	associated	with	right	sided	lesions.85	

	

In	contrast,	the	left	descending	colon	is	joined	onto	the	rectum	and	has	a	smaller	lumen	diameter	

containing	semisolid	contents.85	Lesions	arising	in	the	left	colon	can	be	circumferential	and	cause	

altered	bowel	habits.	Symptoms	can	vary	and	alternate	between	constipation,	diarrhea,	increased	

stool	 frequency	 and	 tenesmus	 (feeling	 of	 incomplete	 emptying).85	 Partial	 obstruction	 is	 often	

associated	with	colicky	pain	however	complete	bowel	obstruction	(no	passage	of	flatus	or	faeces)	

may	be	the	first	presenting	complaint.85		Stools	may	be	mixed	with	fresh,	red	blood.	The	complete	

bowel	obstruction	may	prompt		the	risk	of	bowel	perforation	and	diffuse	peritonitis.85	

	

Rectal	 cancer	 most	 commonly	 presents	 with	 fresh,	 red	 bleeding	 during	 defecationand	 can	 be	

associated	with	tenesmus.85	It	is	important	to	rule	out	rectal	cancer	in	any	patient	presenting	with	

rectal	bleeding	even	if	haemorrhoids	or	diverticular	disease	are	known	to	be	present.85	

	

Unfortunately	some	patients	present	first	with	signs	of	metastatic	disease.	CRC	spreads	initially	

through	direct	invasion	of	the	bowel	wall,	then	haematogenously	and	through	region	lymphatic	

drainage	into	lymph	node	metastases,	perineurally	and	also	intraluminally.85	
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2.1.4	Diagnosis	and	prognosis	

Diagnosis	is	made	through	colonoscopy	and	histological	examination	of	a	biopsy	of	the	lesion.	Early	

diagnosis	 is	 dependent	 on	 detection	 through	 routine	 abdominal	 examination,	 including	 faecal	

occult	blood	testing.76,	86-88	Early	detection	through	screening	is	associated	with	a	higher	rate	of	

cure	and	lower	rate	of	metastases,	this	is	not	always	the	case	if	diagnosis	is	made	after	a	patient	

presents	with	symptoms.86	

	

After	diagnosis,	patients	undergo	a	full	evaluation	with	a	CT	of	the	chest,	abdomen	and	pelvis	to	

stage	the	cancer.89	Staging	ranges	between	stage	0,	carcinoma	in	situ,	and	stage	IV,	with	distant	

metastatic	disease.	Staging	of	the	tumour	influences	the	treatment	regimens	that	are	most	suitable	

and	the	subsequent	prognosis.89-91	

	

Tumour	staging	is	done	by	assessment	of	three	aspects:	the	primary	tumour	(T),	regional	lymph	

nodes	(N),	and	distant	metastases	(M).	The	figures	below	shows	the	TNM	staging	scheme	and	their	

associated	5	year	survival	rate.89-91	

TNM	Stage	 Level	of	invasion	 5	year	survival	rate	

T1	 No	deeper	than	submucosa	

of	bowel	wall	

>95%	

T2	 Not	 through	 bowel	 wall	

muscularis	

>90%	

T3	 Through	muscularis	 70-85%	

N1	 1-3	lymph	node	metastases	 50-70%	

N2	 ≥4	lymph	node	metastases	 25-60%	

M	 Distant	organ	metastases	 <5%	

Figure	2.2:	TNM	cancer	staging	for	colorectal	cancer	and	its	associated	5	year	survival	rate.		
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2.1.5	Treatment	

Treatment	of	CRC	is	dependent	on	the	stage	of	the	 lesion	at	diagnosis.	Surgical	resection	of	the	

lesion	 remains	 the	mainstay	of	management,	 sometimes	 combined	with	 chemotherapy	with	or	

without	radiotherapy.75,	78,	90	

	

Curative	surgery	involves	complete	resection	of	the	lesion	and	its	associated	lymphatic	drainage	

system	 and	 blood	 supply.92,	 93	 It	 is	 only	 considered	 to	 be	 a	 curative	 option	 for	 localized,	 fully	

resectable	 lesions	 (stage	 I-III).75Neighbouring	 organs	 may	 also	 be	 resected	 if	 the	 tumour	 has	

become	adherent	to	ensure	clear	surgical	margins.94	Primary	anastomosis	or	colostomy	formation	

with	secondary	anastomosis	at	a	later	date	is	then	performed.	This	is	performed	in	most	patients	

presenting	without	signs	of	metastatic	disease	and	alone	can	cure	75%	of	stage	I	patients.92	

	

A	select	group	of	patients	with	liver	metastases	will	then	undergo	liver	resection	as	a	secondary	

procedure.	Selection	criteria	for	this	surgery	is	strict	and	only	recommended	in	patients	with	their	

primary	 lesion	 resected,	 liver	metastases	 restricted	 to	 one	 lobe,	 and	without	 any	 extrahepatic	

metastases.	Even	with	these	measures,	the	five	year	survival	rate	is	only	25%.75	

	

Surgical	resection	can	also	be	appropriate	for	locally	recurrent	disease	and	metastatic	disease	if	

resection	 is	 thought	 to	have	 the	 capacity	 to	 significant	 improve	 survival.73,	75In	 such	cases	pre-

operative	chemotherapy	and	pre-operative	hepatic	artery	embolization	for	liver	metastases	may	

be	considered	to	shrink	the	lesion	and	decrease	the	incidence	of	lymph	node	metastases.		

	

Chemotherapy	 can	 be	 considered	 in	 either	 an	 adjuvant	 or	 palliative	 setting.	 Adjuvant	

chemotherapy	is	given	with	curative	intent.73	Several	different	chemotherapy	regimens	exist	for	

adjuvant	treatment	of	CRC	patients	who	have	had	positive	lymph	nodes	identified	post	operatively	

and	is	routinely	offered	to	these	patients	following	resection	of	the	primary	tumour.73,	75This	thesis	
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will	largely	focus	on	Oxaliplatin	chemotherapy.	In	general,	survival	rates	are	improved	by	up	to	

30%	with	adjuvant	treatment.	92	

	

	

2.1.6	Palliation	

Surgery	 does	 not	 play	 a	 big	 role	 in	 the	 palliation	 of	 patients	 who	 have	 no	 curative	 intent	 in	

treatment	including	patients	with	metastases,	and	those	who	are	an	unacceptable	surgical	risk.	In	

such	cases	limited	surgery	may	be	performed	to	relieve	obstruction	or	resect	a	length	of	perforated	

bowel.	The	median	survival	of	these	patients	is	seven	months.95-97	

	

Oxaliplatin	chemotherapy	has	a	clear	role	in	the	palliative	setting,	having	been	shown	to	prolong	

life	 and	 progression-free	 disease	 from	 12	 months	 to	 24	 months.98-100	 	 Chemotherapy	 is	 only	

considered	to	be	of	any	benefit	if	tolerated	well.	The	decision	to	undergo	palliative	chemotherapy	

is	a	personal	one	that	should	be	made	by	the	patient	and	their	family.		

 

	

2.2	Oxaliplatin	chemotherapy	

Oxaliplatin	chemotherapy	is	in	widespread	use	acrossthe	world	as	the	gold	standard	treatment	for	

gastrointestinal	cancers	in	both	curative	and	palliative	settings.99,	101-103	When	used	in	combination	

with	 5-fluorouracil	 or	 oral	 Capecitabine	 it	 prolongs	 progression-free	 disease	 and	 improves	

survival	rates.98,	103Colorectal	cancer	patients	who	are	deemed	less	likely	to	tolerate	Oxaliplatin	are	

treated	with	5-FU	as	a	monoagent.104,	105	

	

CIPN	is	the	most	common	dose	limiting	side	effect	of	Oxaliplatin	and	often	results	in	patients	being	

unable	to	complete	the	desired	course	of	treatment.99,	101,	106,	107	CIPN	negatively	effects	quality	of	
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life	during	and	after	cessation	of	treatment	in	a	phenomenon	known	as	a	“coasting	effect”	and	has	

been	known	 to	 last	up	 to	11	years	post	 cessation	of	 therapy.103	 For	 this	 reason	CIPN	carries	 a	

significant	economic	burden	on	health	systems	as	CIPN	patients	have	significant	excess	health	care	

costs	and	resource	use.			

	

There	is	a	clear	association	between	the	total	cumulative	dose	of	Oxaliplatin	and	the	development	

of	 chronic	 peripheral	 neuropathy,	 and	 while	 oncologists	 will	 decrease	 the	 dose	 delivered	 or	

terminate	 Oxaliplatin	 therapy	 in	 response	 to	 the	 development	 of	 peripheral	 neuropathy,	

unfortunately	 the	 dose	 adjustment	 often	 occurs	 too	 late	 to	 reverse	 chronic	 peripheral	

neuropathy.101,	107-109	

	

Several	case	reports	and	small	case	series	exist	 in	 the	 literature	 that	notea	positive	association	

between	 Oxaliplatin-induced	 peripheral	 neuropathy	 and	 sub-basal	 corneal	 nerve	 density,	 that	

correlates	 to	 both	 subjective	 findings	 in	 questionnaires	 and	 objective	 findings	 in	

neurophysiology.110-113These	studies	will	be	discussed	in	more	detail	later	in	this	chapter.		

Currently	 there	 are	 no	 methods	 by	 which	 clinicians	 are	 able	 to	 predict	 the	 onset	 of	 chronic	

peripheral	neuropathy,	nor	identify	at	risk	patients.		Conventional	methods	of	treating	peripheral	

neuropathy	have	thus	far	not	been	successful	in	Oxaliplatin	patients.107,	114,	115	There	is	a	clear	need	

for	a	non-invasive	clinical	tool	that	can	be	used	to	assess	Oxaliplatin	patients	in	order	to	maximise	

dose	intensity	while	minimising	the	risk	of	peripheral	neuropathy.	
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2.2.1	Pharmacology	of	Oxaliplatin	

Oxaliplatin	 is	 a	 third	 generation	 1,2	 diaminocyclohexane-platinum	 derivative	 and	 is	 a	 FDA	

approved	cytotoxic	agent	for	colorectal,	gastric,	ovarian,	pancreatic	and	breast	cancer.100	Unlike	

other	 platinum	 compounds,	 it	 does	 not	 cause	 nephrotoxicity	 and	 only	mild	 thrombocytopenia,	

diarrhoea,	 nausea	 and	 vomiting.98,	 100,	 116,	 117Reportedly,	 peripheral	 neuropathy	 is	 the	 most	

significant	dose	limiting	factor.116-119	

	

Similar	to	the	other	platinum	compounds	Oxaliplatin	is	an	alkylating	agent	and	its	cytotoxic	effect	

comes	from	its	ability	 to	block	DNA	replication	and	transcription.120	Oxaliplatin	differs	 from	its	

relatives	 by	 carrying	 the	 1,2	 diaminocyclohexane	 ligand,	 resulting	 in	 the	 formation	 of	 larger	

platinum-DNA	adducts	that	are	harder	to	repair,	thereby	leading	to	increased	effect	and	a	higher	

rate	of	 induced	apoptosis.100,	121It	 is	 for	this	reason	that	Oxaliplatin	has	been	shown	to	increase	

response	 rates,	 increased	 survivorship	 and	 disease-free	 progression,	 cementing	 Oxaliplatin	 as	

standard	first	line	therapy	for	adjuvant	and	palliative	gastrointestinal	cancers.108,	120,	122,	123	

	

The	 widespread	 use	 of	 Oxaliplatin	 chemotherapy	has	 resulted	 in	 the	 long	 term	 side	 effects	

becoming	a	major	cancer	survivorship	issue.108,	124	Oxaliplatin,	comparable	to	the	other	platinum	

compounds,	shows	a	molecular	affinity	for	the	peripheral	nervous	system,	making	its	peripheral	

neuropathy	its	most	severe	and	dose-limiting	side	effect.110,	125,	126	Oxaliplatin-induced	peripheral	

neuropathy	 can	 affect	 up	 to	 80%	 of	 patients	 acutely,	 but	 the	major	 concern	 is	 severe	 chronic	

peripheral	neuropathy	that	can	cause	long-term	disability	and	negatively	impact	quality	of	life.107,	

124,	127	
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This	chronic	neuropathy	is	experienced	as	impaired	light	touch	discrimination	or	as	neuropathic	

pain	which	impacts	both	physical	and	emotional	well-being.111	In	order	to	avoid	these	long-term	

sequelae,	 oncologists	 often	 reduce	 or	 discontinue	 Oxaliplatin	 at	 the	 onset	 of	 progressive	

neuropathic	symptoms	during	chemotherapy;	often	before	the	planned	course	is	complete.102,	114,	

126,	128	

	

2.2.2	Intravenous	5-fluorouracil	and	oral	capecitabine	

5-fluorouracil	(5-FU),	or	its	oral	formulation,	capecitabine,	is	a	fluoropyrimadine	antimetabolite	

chemotherapy	agent.129The	cytotoxic	effect	of	capecitabine	comes	from	its	inclusion	during	RNA	

replication.129	 5-fluorouracil	must	be	delivered	 intravenously	 as	 it	 is	 rapidly	degraded	 if	 orally	

ingested	 and	 results	 in	 variable	 bioavailability.129	 Capecitabine	 is	 a	 carbamate	 derivative	 of	 5-

fluorouracil	and	requires	three	activation	steps	once	ingested.129	The	three	step	process	allows	for	

predictable	bioavailability	and	accurate	dosing	regimens.	Capecitabine	has	 theoretical	 selective	

activation	and	decreased	systemic	side	effects	as	the	final	activation	enzyme	occurs	at	much	higher	

levels	in	tumour	cells.129	Capecitabine	has	been	an	effective	alternative	for	patients	who	are	likely	

to	experience	adverse	effects	related	to	an	intravenous	5-FU	infusion.106,	109,	130	

	

	

2.3	Oxaliplatin	induced	peripheral	neuropathy	

	

Oxaliplatin	has	two	distinct	phases	of	peripheral	neuropathy	although	the	mechanisms	for	each	

phase	have	yet	to	be	clearly	defined.103,	107The	first	is	the	neuromyotonia-like	acute	phase	involving	

nerve	 hyperexcitability	 and	 repeated	 firing	 of	 action	 potentials	 that	 occurs	 in	 90%	of	 patients	

within	the	first	few	days	of	Oxaliplatin	administration	and	typically	reverses	within	a	week.98,	99,	

102,	 131Thereversable	 type	 is	 also	 called	 acute	hyperexcitability	 syndrome	and	 the	 symptoms	of	
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tingling	 in	 the	 distal	 extremities,	 periorally,	 and	 pharyngolaryngeal	 is	 induced	 by	 lower	

temperatures.107,	 124These	 symptoms	 are	 caused	 by	 axonal	 hyperexcitability	 and	 changes	 in	

voltage-gated	 sodium	 and	 potassium	 channels	 that	 are	 calcium-dependent.104,	 108,	 132-134	 The	

mechanism	behind	this	phenomenon	is	postulated	to	be	caused	by	the	rapid	chelation	of	calcium	

by	Oxaliplatin	 induced	oxalate	and	 the	way	 this	affects	 the	overall	 sodium	current	 through	 the	

channel.133	 These	 changes	 can	 be	 demonstrated	 by	 electromyography	 and	 nerve	 conduction	

studies	and	are	not	thought	to	be	due	to	structural	damage.120	Because	of	the	transient	nature	of	

the	acute	phase,	it	generally	does	not	cause	termination	of	treatment	or	dose	modification.107	

	

The	second	phase	of	Oxaliplatin	neuropathy	is	the	chronic	peripheral	neuropathy	that	is	due	to	

accumulation	of	Oxaliplatin	 in	 the	dorsal	 root	 ganglion.104,	 111,	 125,	 133This	 accumulation	 leads	 to	

changes	to	axoplasmatic	transport	changes,	mitochondrial	dysfunction	and	oxidative	stress	that	

cause	cell	body	damage	and	neuronal	apoptosis.104,	107,	132,	133	The	neuronal	apoptosis	is	mirrored	

in	 nerve	 conduction	 studies	which	 demonstrate	 a	 progressive	 decrease	 in	 sensory	 conduction	

amplitude	correlating		with	the	development	of	chronic	peripheral	neuropathy;typically	observed	

after	6-8	cycles	of	treatment.104,	131-134Several	large	studies	investigating	the	prevalence	of	chronic	

neuropathy	estimated	that	it	is	present	in	up	to	80%	of	all	patients	receiving	Oxaliplatin	and	60%	

of	patients	will	have	their	chronic	neuropathy	persisting	over	a	year	after	cessation	of	treatment,	

known	as	the	“coasting	effect”.108,	128,	134	At	present	there	is	no	reliable	method	of	predicting	which	

patients	will	experience	coasting,	although	it	appears	to	be	associated	with	the	total	cumulative	

dose	of	Oxaliplatin	received.103	

	

The	diagnosis	of	this	type	of	peripheral	neuropathy	currently	relies	on	bedside	clinical	assessment	

and	history-taking,	because	current	methods	of	objective	testing	such	as	electrophysiology	or	the	

current	gold	standard	of	a	skin	biopsy	are	invasive	or	time-consuming,	making	them	unviable	as	
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options	for	repeated	measurements	at	the	same	site	to	monitor	clinical	progress.115,	135	Therefore,	

neuropathy	is	typically	diagnosed	after	it	has	already	become	clinically	evident,	and	patients	may	

refuse	 further	 invasive	 investigations.115	 Using	 this	method	 two	 problems	 ensue.	 Firstly,	 dose	

reduction	 or	 cessation	 is	 too	 late	 for	 some	 patients,	 and	may	 result	 in	 permanent	 neuropathy	

causing	disability.	Evidently,	 the	patients	who	received	a	dose	reduction	after	the	sixth	cycle	of	

chemotherapy	 experience	 peripheral	 neuropathy	 of	 a	 greater	 severity	 compared	 to	 those	who	

received	a	dose	reduction	earlier	in	their	treatment.108,	111	

	

The	prevalence	of	chronic	peripheral	neuropathy	is	significantly	higher	in	patients	who	ultimately	

receive	a	higher	cumulative	dose	of	Oxaliplatin.104,	111	At	present,	there	is	no	well-accepted	method	

of	 preventing	 Oxaliplatin	 induced	 neuropathy	 and	 no	 effective	 method	 of	 treating	 it	 once	 it	

becomes	established.136For	this	reason	the	mainstay	of	treating	Oxaliplatin	induced	neuropathy	is	

decreasing	the	total	cumulative	dose	in	patients	with	neuropathy	as	early	as	possible.108,	111,	124A	

risk	 with	 this	 approach	 is	 that	 reducing	 the	 dose	 of	 Oxaliplatin,	 or	 terminating	 treatmenttoo	

early,could	 compromise	 the	 therapeutic	 effect.	 Therefore,	 an	 objective	 method	 of	 assessing	

neuropathy	is	needed	to	minimize	long	term	toxicity,	and	maximize	dose	intensity.	

	

	

	

2.4	Ocular	toxicity	of	Oxaliplatin	

	

Oxaliplatin	has	been	associated	with	several	ocular	side	effects.	Oncology	studies	report	a	common	

occurrence	 of	 dry	 eye,	 epiphora,	 eye	 pain	 and	 ptosis,	 associated	 with	 the	 acute	 phase	 of	

neurotoxicity	and	rare	cases	of	reduced	visual	acuity,	optic	neuropathy,	visual	changes	and	visual	

loss.105,	113While	ocular	symptoms	are	commonly	mentioned	in	Oxaliplatin	studies,	they	are	rarely	
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the	focus	of	the	study.	A	gap	in	literature	exists	of	studies	that	fully	investigate	the	causes	and	other	

associated	ocular	findings.			

	

Recent	 case	 reports	observed	 significant	 corneal	 changes,	 as	 imaged	by	 IVCM,	 in	patients	with	

peripheral	sensory	neuropathy	caused	by	Oxaliplatin	based	chemotherapy	treatment.112,	114There	

are	alsoseveral	case	reports	of	patients	undergoing	Oxaliplatin	chemotherapy	that	develop	ocular	

symptoms,	 unlike	 larger	Oncology	 studies,	 the	 focus	 of	 these	 case	 reports	 has	 been	 the	 ocular	

symptoms.	This	includes	bilateral	concentric	scotoma,	optic	neuritis,	tunnel	vision	and	transient	

visual	loss.112,	114,	115,	137	None	of	these	case	reports	found	any	ocular	cause	for	the	symptoms	and	

each	case	resolved	after	Oxaliplatin	chemotherapy	was	terminated.	The	pathophysiology	of	these	

ocular	symptoms	is	also	unclear.		

	

Chapter	 five,	 presents	 a	 longitudinal	 study	 of	 CRC	 patients	 from	 Auckland,	 New	 Zealand,	 and	

investigates	 changes	 in	 their	 corneal	 nerve	microstructure	 over	 the	 course	 of	 their	Oxaliplatin	

chemotherapy.		This	study	aims	to	validate	the	findings	of	corneal	nerve	changes	detected	by	these	

smaller	studies	and	to	establish	any	correlations	between	direct	corneal	nerve	observations	and	

Oxaliplatin	induced	peripheral	neuropathy.		
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Chapter	3:	In	vivo	confocal	microscopy	–	in	
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Introduction	

The	 cornea	 is	 the	most	 densely	 innervated	 tissue	 in	 the	 body.138	 The	 cranial	 nerves,	 with	 the	

exception	of	the	optic	nerve,	are	considered	to	be	a	part	of	the	peripheral	nervous	system,	with	all	

the	sensory	nerves	being	derived	from	neural	crest	cells	during	embryology.139	Therefore	corneal	

nerves,	arising	from	the	ophthalmic	branch	of	the	trigeminal	nerve,	are	considered	a	part	of	the	

peripheral	nervous	system.139	The	nerves	enter	the	cornea	mid-stroma	to	track	anteriorly	from	the	

periphery	into	the	centre	in	a	radial	pattern,	losing	their	myelin	sheath	within	1mm	of	the	limbus	

to	aid	corneal	transparency.47,	53,	138	Corneal	nerves	are	comprised	of	large,	myelinated	Aδ	fibres	

that	run	parallel	to	Bowman’s	layer	and	small,	unmyelinated	C	fibres	that	run	parallel	to	Bowman’s	

layer	 for	a	short	course	 then	penetrate	 the	epithelium	to	 terminate	 in	 invaginations	within	 the	

superficial	cells.47,	53,	138	

	

Living	 human	 corneal	 nerves	 can	 be	 imaged	 non-invasively	 using	 in	 vivo	 confocal	microscopy	

(IVCM)	(Figure	3.1).46,	47,	52,	53Three	different	modes	of	IVCM	have	been	developed:	laser	scanning	

confocal	 microscopy,	 slit-scanning	 confocal	 microscopy	 and	 tandem	 scanning	 confocal	

microscopy.47,	 52,	 53These	 modes	 vary	 in	 terms	 of	 light	 emission,	 magnification,	 contrast	 and	

resolution	but	all	offer	the	ability	to	repeatedly	examine	the	same	cornea	without	tissue	damage,	

as	discussed	in	further	detail	in	Chapter	1.		

	

IVCM	has	been	widely	utilized	in	clinical	practice	in	corneal	and	ocular	surface	imaging.	It	is	used	

as	an	aid	in	the	diagnosis	of	acanthamoeba	keratitis,	in	the	assessment	of	keratoconus,	dry	eyes	

and	contact	lens	wear.52	Repeated	examinations	of	the	same	cornea	allows	for	detection	of	changes	

that	 are	 used	 to	monitor	 response	 to	 therapy	 and	 recovery	 after	 corneal	 surgery.52	 As	well	 as	

enabling	imaging	of	corneal	pathology,	IVCM	is	increasingly	being	investigated	for	its	potential	to	

evaluate	 systemic	 disease.	 Studies	 using	 this	 technique	 have	 demonstrated	 corneal	 sub-basal	
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nerve	changes	that	correlate	with	peripheral	neuropathies	such	as	diabetic	peripheral	neuropathy,	

idiopathic	small	fibre	neuropathy,	Fabry	disease	and	HIV	associated	peripheral	neuropathy	(Table	

1).114,	 140-145	 	 IVCM	 has	 also	 been	 used	 to	 evaluate	 the	 ocular	 effects	 of	 neurodegenerative	

conditions,	rheumatological	conditions	(Table	2),	genetic	diseases,	and	chemotherapy.		

	

The	current	review	discusses	the	contribution	of	IVCM	in	the	diagnosis	and	assessment	of	these	

systemic	diseases	and	its	ability	to	overcome	limitations	in	current	clinical	methods	of	assessing	

these	 conditions.	 This	 review	 also	 aims	 to	 explore	 IVCM’s	 potential	 use	 in	 clinical	 diagnosis,	

monitoring	disease	progression	and	therapeutic	response	in	current	standard	clinical	practice	and	

in	 clinical	 trials	 of	 novel	 treatments,	 thereby	 contributing	 to	 clinical	 knowledge	 and	 informed	

clinical	decision	making.		

	

	

Figure	3.1.	In	vivo	confocal	microscopy	images	showing	the	normal	corneal	basal	epithelium	(left),	

central	corneal	sub-basal	plexus	(centre)	and	stroma	(right)	from	a	healthy	24	year	old	female.	
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Table	3.1:	Corneal	sub-basal	nerve	densities	on	in	vivo	confocal	microscopy	in	a	range	of	systemic	

diseases.	

	 Central	
Langerhans	Cell	

Density	in	
Patients	

(cell/mm²)	

Central	
Langerhans	Cell	

Density	in	
Controls	
(cell/mm²)	

Peripheral	
Langerhans	Cell	

Density	in	
Patients	

(cell/mm²)	

Peripheral	
Langerhans	Cell	

Density	in	
Patients	

(cell/mm²)	

Systemic	 Lupus	
Erythematosus16	

43.08±48.67	 20.57±21.04	 124.78±165.39	 78.00±39.51	

*Ankylosing	
Spondylitis15	

75.50		

(51.18-112.6)	

14.50		

(0.00-35.10)	

131.0		

(80.33-168.4)	

65.50		

(46.75-88.00)	

Rheumatoid	
Arthritis14	

68.15±71.27	 23.85±33.81	 126.8±104.6	 69.29±33.26	

*Figures	for	ankylosing	spondylitis	are	expressed	as	median	with	interquartile	range,	others	as	a	

mean	with	standard	deviation	

Table	3.2:	Langerhans	cell	density	on	in	vivo	confocal	microscopy	in	the	central	and	peripheral	

cornea	in	rheumatological	conditions	

	 Corneal	Sub-basal	Nerve	
Density	in	Patients	(mm/mm²)	

Corneal	Sub-basal	Nerve	
Density	in	Controls	(mm/mm²)	

Diabetes	Type	1146	 20.6±1.5	 27.7±1.1	

Diabetes	Type	2147	 4.3±1.5	 13.5±0.3	

Parkinson’s	Disease148	 15.0±8.0	 13.5±5.0	

Progressive	Supranuclear	
Palsy148	

15.0±6.0	 13.5±5.0	

Amyotrophic	Lateral	
Sclerosis149	

1.8±0.4	 2.3±0.4	

Idiopathic	Small	Fibre	
Neuropathy150	

4.4±0.6	 9.3±0.6	

Charcot-Marie-Tooth	Type	
1A151	

15.8±1.5	 26.7±1.3	

Chronic	Inflammatory	
Demyelinating	

Polyneuropathy101	

18.1±3.4	 23.5±3.6	

Chemotherapy	Induced	
Peripheral	Neuropathy114	

6.8±2.4	 10.8±3.8	
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3.1	Diabetes	

Diabetes	is	a	disease	that	is	of	growing	global	significance,	now	affecting	over	366	million	people	

worldwide.146	It	affects	multiple	organ	systems	with	its	microvascular	complications	causing	the	

well-known	clinical	triad	of	nephropathy,	retinopathy	and	neuropathy,	with	diabetic	peripheral	

neuropathy	being	the	most	common.152	These	complications	lead	to	decreased	quality	of	life	for	

patients	and	an	increasing	burden	on	global	healthcare	systems	and	can	result	in	debilitating	long	

term	sequelae	such	as	foot	ulceration,	amputations,	blindness	and	renal	failure.		

	

Current	methods	of	detecting	diabetic	peripheral	neuropathy	include	taking	a	medical	history	and	

an	 examination	 that	 involves	 a	 clinical	 peripheral	 nervous	 examination,	 bioesthesiometry,	 and	

invasive	 nerve	 conduction	 studies.153-155These	 methods	 often	 detect	 diabetic	 peripheral	

neuropathy	 when	 it	 becomes	 well	 established	 and	 has	 limited	 sensitivity	 for	 detecting	 early	

diabetic	peripheral	neuropathy.140,	153,	155,	156	While	tight	glycaemic	control	is	a	known	key	factor	in	

the	clinical	management	of	diabetes,	it	limits	the	progression	of	neuropathy	in	type	1	diabetes,	but	

not	type	2.138	There	is	no	pharmacological	method	of	preventing	or	reversing	diabetic	peripheral	

neuropathy.138,	 141,	 153	 Current	 methods	 of	 detecting	 peripheral	 neuropathy	 have	 several	

disadvantages	 including	 their	 subjective	 and	 variable	 nature	 and	 while	 electrophysiology	 and	

nerve	biopsies	are	reliable,	they	are	expensive	and	invasive.138,	152,	157	

	

IVCM	is	a	rapid,	non-invasive	and	accurate	method	that	enables	quantitative	analysis	of	the	corneal	

sub-basal	nerve	plexus,	and	could	potentially	provide	a	surrogate	marker	for	diabetic	peripheral	

neuropathy.138,	146,	156The	total	length	of	corneal	nerves	per	unit	area	is	reported	to	be	the	most	

reproducible	measure	of	corneal	sub-basal	nerve	density	in	patients	with	diabetes.158	Studies	have	

also	shown	that	patients	with	type	1	or	type	2	diabetes	exhibit	a	marked	reduction	in	sub-basal	

nerve	 density	 compared	 to	 healthy	 corneas.141,	 146	 (Figure	 3.2,	 Table	 3.3)	 Importantly,	 50%	 of	
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patients	with	diabetes	who	had	no	clinical	 signs	of	neuropathy,	were	 shown	 to	have	abnormal	

corneal	 sub-basal	 nerve	 plexus	 changes,	 demonstrating	 corneal	 changes	 precede	 clinically	

detected	peripheral	nerve	changes.156	

	

Corneal	sub-basal	nerve	density	correlates	with	clinical	and	electrophysiological	assessment	of	the	

severity	 of	 diabetic	 peripheral	 neuropathy.146,	 153,	 159Decreased	 sub-basal	 nerve	 density	 is	

associated	 with	 symptoms	 of	 peripheral	 neuropathy	 and	 decreased	 intra-epidermal	 nerve	

density.153,	159	Interestingly,	these	changes	in	corneal	nerve	density	precede	any	clinical	signs	or	

symptoms	of	neuropathy,	retinopathy	and	microalbuminuria	and	are	also	seen	in	patients	with	

impaired	glucose	tolerance,	without	meeting	clinical	criteria	for	type	2	diabetes	mellitus.140,	141,	146,	

147,	153,	160	

	

IVCM	has	also	been	used	to	assess	the	recovery	of	type	1	diabetic	patients	that	undergo	pancreas	

and	 kidney	 transplantation.161,	 162In	 these	 studies	 the	 focus	 of	 IVCM	 imaging	 was	 to	 detect	 a	

therapeutic	 response	 to	 transplantation.161,	 163	 Patients	 receiving	 simultaneous	 pancreas	 and	

kidney	 transplantation	 suffer	 from	 severe	 diabetic	 consequences,	 including	 neuropathy.161-163	

Introducing	functioning	islet	β-cells	via	pancreas	transplantation	into	patients	with	type	1	diabetes	

reverses	 some	 of	 the	 end	 organ	 damage	 caused	 and,	 although	 slow	 to	 improve	 diabetic	

nephropathy,	 it	 reportedly	 improves	 diabetic	 neuropathy	 within	 one	 year	 of	 receiving	 the	

transplant.162	 Regeneration	 of	 the	 intra-epidermal	 nerve	 fibre	 layer	 is	 an	 important	 outcome	

measure	 of	 transplant	 success,	 and	 can	 only	 be	 assessed	 by	 performing	 skin	 biopsies.	 The	

correlation	of	corneal	sub-basal	plexus	density	with	intra-epidermal	nerve	fibre	density	suggests	

the	 potential	 use	 of	 IVCM	 to	monitor	 therapeutic	 response.161,	 163This	 could	 open	 the	 door	 to	

further	studies	in	this	application	to	other	systemic	conditions,	including	the	conditions	mentioned	

in	this	review.		
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Figure	3.2.	In	vivo	confocal	microscopy	images	showing	the	corneal	sub-basal	plexus	of	a	33	year	

old	female	with	a	14	year	history	of	Type	1	diabetes	(left)	and	a	healthy	32	year	old	healthy	female.	

(Frame	size	represents	400µm	x	400µm)	

	 	 Corneal	Sub-basal	
Nerve	Density	in	

Patients	
(mm/mm²)	

Corneal	Sub-basal	
Nerve	Density	in	

Controls	
(mm/mm²)	

Petropoulos	et	al.146		
Type	1	diabetes	

No	retinopathy	 20.6±1.5	 27.7±1.1	

	 Retinopathy	 17.4±0.9	 27.7±1.1	

	 No	
microalbuminuria	

19.9±1.7	 27.7±1.1	

	 Microalbuminuria	 14.3±1.4	 27.7±1.1	

Misra	et	al.156	Type	
1	diabetes	

	 11.0±3.8	 21.17±4.2	

Malik	et	al.147	Type	
2	diabetes	

Mild	 10.8±0.9	 13.5±0.3	

	 Moderate	 7.5±1.1	 13.5±0.3	

	 Severe	 4.3±1.5	 13.5±0.3	

Tavakoli	et	al.159		
Type	2	diabetes	

Mild		 5.48±0.45	 11.21±0.88	

	 Moderate		 3.01±0.39	 11.21±0.88	

	 Severe	 2.99±0.34	 11.21±0.88	

	

Table	3.3:	Corneal	sub-basal	nerve	densities	on	in	vivo	confocal	microscopy	in	diabetes	mellitus.	
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3.2		Neurodegenerative	diseases	

3.2.1	Parkinson’s	Disease	and	Progressive	Supranuclear	Palsy	

Parkinson’s	 disease	 (PD)	 and	 progressive	 supranuclear	 palsy	 (PSP)	 are	 neurodegenerative	

movement	 disorders	 that	 have	 similar	 clinical	 presentations.164	 Both	 PD	 and	 PSP	 patients	 are	

noted	 to	 have	 ocular	 surface	 disease	 in	 the	 form	 of	 dry	 eye	 syndrome,	 contributed	 to	 by	 the	

presence	of	decreased	blink	rate	that	is	associated	with	movement	disorders.165	This	is	thought	to	

occur	due	to	a	denervation	of	the	cornea,	leading	to	reduced	corneal	sensitivity	and	reduced	blink	

rate,	 resulting	 in	 asymptomatic	 surface	 disease.165	 A	 study	 of	 a	 small	 group	 of	 patients	with	 a	

diagnosis	 of	 either	 PD	 (four	 patients)	 or	 PSP	 (seven	 patients),	 reported	 significantly	 reduced	

corneal	sensitivity	and	blink	rate	compared	to	healthy	age-matched	controls.	However,	there	was	

no	difference	in	corneal	sub-basal	nerve	density	between	the	three	groups	despite	reduced	corneal	

sensitivity.165	This	observation	suggests	that	the	ocular	effects	of	Parkinson’s	disease	and	PSP	may	

be	due	to	neural	dysfunction	rather	than	denervation	but	requires	further	investigation	due	to	the	

small	numbers	of	patients	studied.165	

	

Peripheral	neuropathy	associated	with	PD	is	common	and	reported	to	affect	38	-	55%	of	patients	

and	 the	 risk	 of	 developing	 peripheral	 neuropathy	 in	 PD	may	 be	 greater	 in	 those	 treated	with	

levodopa.165	A	study	investigating	the	relationship	between	corneal	nerve	density	and	Parkinson’s	

related	 peripheral	 neuropathy	 examined	 25	 patients	 with	 Parkinson’s	 disease	 and	 25	 healthy	

control	subjects.	148	All	underwent	corneal	sensitivity	testing	with	a	Cochet-Bonnet	aesthesiometer	

and	IVCM.	Patients	with	Parkinson’s	disease	were	reported	to	have	significantly	decreased	corneal	

sensation,	 lower	 corneal	 nerve	 density	 and	 greater	 nerve	 tortuosity	 compared	 with	 control	

subjects.	The	parameters	measured	were	also	noted	to	be	related	to	exposure	to	dopaminergic	

medication,	 inferring	 the	 potential	 use	 of	 IVCM	 to	 monitor	 patients	 receiving	 dopaminergic	

medication	although	the	nature	of	this	relationship	was	not	specified.148	



40 
 

3.2.2	Amyotrophic	Lateral	Sclerosis	

Amyotrophic	 lateral	 sclerosis	 (ALS)	 or	 Lou	Gehrig’s	 disease	 is	 the	most	 common	degenerative	

disease	of	motor	neurons.166	Progressive	degeneration	of	upper	and	lower	motor	neurons	in	the	

brain	and	spinal	 cord	 leads	 to	decreased	co-ordination,	 speech	or	voice	 changes,	 and	cognitive	

changes	that	eventually	result	in	muscle	atrophy	and	spasticity,	and	ultimately	death.166	Most	cases	

are	 sporadic	 and	 the	 exact	 aetiology	 is	 unknown	 although	 several	 gene	 mutations	 have	 been	

identified	in	cases	of	both	familial	and	sporadic	ALS.166	While	largely	a	disease	of	motor	neurones,	

the	sensory	nervous	system	is	also	known	to	be	involved,	causing	a	decrease	in	 intraepidermal	

nerve	fibre	density.167-169	

	

Sub-clinical	sensory	neuron	 involvement	has	been	demonstrated	with	pathological	evidence	on	

sural	 nerve	 biopsies	 taken	 from	 ALS	 patients.149,	 168	 A	 study	 of	 8	 sporadic	 ALS	 patients	

demonstrated	 that	 although	 none	 of	 the	 patients	 had	 any	 signs	 or	 symptoms	 of	 sensory	

neuropathy,	there	was	a	clear	reduction	in	corneal	sub-basal	nerve	density	compared	with	age-

matched	healthy	control	subjects.149Disease	burden	was	assessed	using	the	ALS	Severity	Score	and	

the	revised	ALS	Functional	Rating	Scale.149Severity	was	assessed	with	4	outcome	measures	based	

on	function:	speech,	swallowing,	lower	extremities,	upper	extremities	with	speech	and	swallowing	

comprising	 the	 “bulbar	 subscore”	 and	 the	 lower	 and	 upper	 extremities	 comprising	 the	 “spinal	

subscore”.170Interestingly,	corneal	nerve	damage	correlated	with	bulbar	disability	scores,	but	not	

with	spinal	disability.149	In	this	case	series,	IVCM	has	revealed	the	possibility	that	ALS	is	associated	

with	a	small	fibre	neuropathy	and,	further	IVCM	studies	may	bring	us	closer	to	understanding	the	

mechanisms	behind	the	poorly	understood	aetiology	of	ALS.		
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3.2.3	Idiopathic	small	fibre	neuropathy	

Idiopathic	small	fibre	neuropathy	(ISFN)	is	a	subset	of	small	fibre	neuropathy	that	occurs	due	to	

damage	 of	 the	 small	 unmyelinated	 peripheral	 nerves,	 known	 as	 C-fibres.150	 The	 neuropathy	 is	

sensory	 in	 nature	 but	 symptoms	 are	 highly	 variable	 in	 location	 and	 severity.	 Typically	 the	

symptoms	begin	in	the	extremities	and	while	impaired	glucose	tolerance	has	been	a	suggested	risk	

factor,	 it	 is	not	present	 in	all	 cases	and	symptoms	do	not	 seem	 to	be	 related	 to	nerve	damage.	

Idiopathic	small	fibre	neuropathy	is	therefore	more	difficult	to	diagnose	than	other	neuropathies,	

particularly	since	nerve	conduction	studies	evaluate	large	myelinated	fibres	and	do	not	test	the	

small	unmyelinated	fibres.150	Quantitative	sensory	testing	is	subjective	and	unreliable,	meaning	

clinicians	are	increasingly	turning	to	skin	biopsies	for	a	conclusive	diagnosis.		

	

A	pioneering	IVCM	study	of	24	patients	with	idiopathic	small	fibre	neuropathy	showed	a	significant	

decrease	in	corneal	sub-basal	nerve	density	and	increased	nerve	fibre	tortuosity.150Corneal	sub-

basal	nerve	changes	were	not	correlated	with	impaired	glucose	tolerance,	body	mass	index	(BMI),	

lipid	levels	or	blood	pressure.150This	is	an	interesting	observation	given	that	all	the	patients	in	this	

study	 had	 significant	 neuropathy	 symptoms,	 but	 normal	 electrophysiology	 and	 quantitative	

sensory	 testing.150Another	 small	 case	 series	 of	 three	 patients	 with	 ISFN	 also	 demonstrated	

significantly	 decreased	 corneal	 sub-basal	 nerve	 density	 compared	 with	 normal	 controls,	

correlating	 with	 intra-epidermal	 nerve	 fibre	 density	 from	 skin	 punch	 biopsies.171Whilst	 these	

studies	are	too	small	to	draw	concrete	conclusions,	it	points	to	the	fact	that	the	mechanism	behind	

ISFN	is	still	poorly	understood	and	thus	far,	only	associations	with	metabolic	risk	factors	can	be	

made	without	any	causal	relationships.		
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3.2.4	Charcot-Marie-Tooth	Disease	

Charcot-Marie-Tooth	 (CMT)	 disease	 is	 the	 most	 common	 hereditary	 motor	 and	 sensory	

neuropathy	that	causes	progressive	loss	of	muscle	tissue	and	sensation.151,	172	CMT	is	categorised	

into	subtypes	based	on	the	gene	mutation	that	is	present	with	the	most	common	subtype	being	

Type	 1A,	 accounting	 for	 70-80%	of	 all	 cases.151	 The	 diagnosis	 is	 based	 on	 history	 and	 genetic	

testing,	clinical	examination,	and	nerve	conduction	testing.151,	172Although	disease	progression	is	

attributed	 to	 demyelination	 and	 axonal	 degeneration	 of	 large	 myelinated	 fibres,	 there	 is	 no	

correlation	between	motor	or	sensory	nerve	conduction	testing	and	neurological	disability	scores	

in	CMT1A.152,	172	

	

CMT	is	associated	with	a	small	fibre	neuropathy	(C-fibres)	but	this	has	been	difficult	to	assess	and	

quantify.	 Electrophysiology	 does	 not	 test	 the	 small	 unmyelinated	 fibres	 involved	 in	 this	

neuropathy	 and	 therefore	 patients	 with	 CMT	 are	 traditionally	 investigated	 with	 subjective	

quantitative	sensory	testing	and	with	invasive	skin	or	sural	nerve	biopsies.151In	a	study	12	patients	

with	CMT1A	were	recruited	with	12	age-matched	healthy	subjects	and	all	underwent	a	detailed	

neurological	examination	including	bioesthesiometry,	nerve	conduction	studies	and	symptoms	of	

neuropathy,	 corneal	 sensitivity	 measured	 using	 a	 non-contact	 corneal	 aesthesiometer	 and	

IVCM.151	Patients	with	CMT1A	were	 reported	 to	have	significantly	decreased	corneal	 sub-basal	

nerve	 density,	 correlating	 strongly	 with	 symptoms	 of	 painful	 neuropathy	 and	 reduced	 nerve	

conduction	testing	scores.151	

IVCM	has	an	emerging	role	in	enabling	clinicians	to	quantify	the	small	fibre	pathology	in	CMT1A.	

IVCM	offers	a	rapid,	non-invasive	evaluation	of	CMT1A,	offering	an	advantage	over	quantitative	

sensory	testing	and	biopsies.		
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3.3	Rheumatology	

3.3.1	Systemic	Lupus	Erythematosus	

Systemic	lupus	erythematosus	(SLE)	is	a	chronic	inflammatory	autoimmune	condition	of	varying	

severity	that	can	affect	any	organ	system.	It	is	of	unknown	aetiology	and	its	pathogenesis	involves	

the	production	of	autoantibodies	due	to	loss	of	T-cell	regulatory	ability	and	results	in	complement	

activation	 that	 triggers	 the	 inflammatory	 cascade.173It	 has	 a	 variety	 of	 ocular	 manifestations	

including	 optic	 neuropathy,	 retinal	 vasculitis	 and	 keratoconjunctivitis	 sicca	 with	

keratoconjunctivitis	sicca	being	the	most	common.173	

SLE	 related	 keratoconjunctivitis	 sicca	 demonstrates	 a	 marked	 increase	 in	 the	 density	 of	

Langerhans	 cells	 within	 the	 central	 cornea,	 with	 over	 half	 of	 these	 cells	 exhibiting	 dendritic	

features,	as	imaged	by	IVCM.12	(Figure	3)	Langerhans	cells	are	a	subset	of	the	population	of	antigen	

presenting	dendritic	cells	within	 the	cornea,	mainly	 located	 in	 the	epithelium	of	 the	peripheral	

cornea.174They	 activate	 T-cells	 as	 part	 of	 the	 corneal	 immune	 system.174In	 pathological	 states	

Langerhans	cells	mature,	form	dendritic	processes	and	migrate	from	the	periphery	into	the	central	

cornea.174	

	

Interestingly,	IVCM	has	been	used	to	assess	a	case	of	bilateral	deep	keratitis	associated	with	SLE	

induced	iridocyclitis.175The	patient	presented	with	decreased	visual	acuity	during	a	flare	up	of	SLE	

and	examination	revealed	deep	stromal	opacities	spread	throughout	the	central	and	peripheral	

cornea.	 IVCM	 was	 used	 to	 further	 assess	 the	 nature	 of	 these	 opacities	 and	 subsequently	

demonstrated	 deposition	 of	 refringent	 crystals	 within	 the	 corneal	 stroma.175	 These	 deposits	

mirror	 the	 deposition	 of	 immune	 complexes	 in	 systemic	 tissues	 in	 patients	 with	 SLE.	 The	

crystalline	deposits	are	located	in	the	deep	stroma	and	are	believed	to	occur	as	a	result	of	dilation	

of	perilimbal	vessels	during	inflammatory	episodes.175-177	
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While	rare,	corneal	manifestions	can	be	the	initial	presentation	of	SLE	and	in	these	cases	IVCM	of	

corneal	deposits	may	contribute	towards	diagnosis.	However,	further	studies	are	needed	to	clarify	

its	role	in	diagnosis	and	to	investigate	the	potential	of	using	IVCM	to	monitor	the	progression	of	

deep	 keratitis	 as	 a	 biomarker	 for	 disease	 severity.175IVCM	may	 also	 aid	 in	 the	 assessment	 of	

keratoconjunctivitis	 sicca,	 the	most	 common	 ocular	manifestation	 of	 SLE.173Further	 studies	 of	

IVCM	imaging	of	Langerhans	cells	in	the	central	cornea	in	SLE	could	help	establish	a	relationship	

between	this	and	disease	progression	and	systemic	inflammation,	potentially	providing	another	

biomarker	for	clinical	monitoring	of	SLE.		

	

	

	

	

	

	

Figure	3.3.	In	vivo	confocal	microscopy	image	at	the	level	of	Bowman’s	layer	showing	Langerhans	

cells	(arrow)	(Frame	size	represents	400µm	x	400µm)	

	

3.3.2	Ankylosing	spondylitis	

Ankylosing	spondylitis	(AS)	is	a	seronegative	chronic	inflammatory	condition	of	primarily	the	axial	

skeleton,	with	variable	involvement	of	the	peripheral	skeleton.15AS	typically	affects	young	males	

with	 the	 most	 common	 presenting	 complaint	 being	 lower	 back	 pain	 due	 to	 sacroiliac	 joint	

inflammation.15Progression	of	the	disease	leads	to	bone	formation	in	the	spine	which	results	in	

fusion	of	the	joints.178	
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The	 association	 between	 AS	 and	 uveitis	 is	 well	 known.179AS	 is	 also	 associated	 with	 corneal	

changes;	 the	most	 common	 is	 keratoconjunctivitis	 sicca	 due	 to	 secondary	 Sjӧgren’s	 syndrome,	

occurring	in	10%	of	patients.15	

	

As	in	SLE,	Langerhans	cells	play	an	important	role	in	AS	related	keratoconjunctivitis	sicca.	There	

is	also	increasing	evidence	to	suggest	that	Langerhans	cells	in	the	cornea	play	an	important	role	in	

the	immunoregulatory	processes.15Studies	investigating	the	role	of	these	cells	in	the	cornea	have	

noted	 that	 Langerhans	 cells	 in	 the	 cornea	 tend	 to	 be	 activated.14,	 16,	 173	 Langerhans	 cells	 then	

migrate	 from	 their	 usual	 location	 in	 the	 peripheral	 cornea,	 into	 the	 central	 cornea	 during	 an	

inflammatory	state.14-16,	173	

	

An	increased	number	and	activation	of	Langerhans	cells	was	not	associated	with	articular	disease	

symptom	 severity,	 but	 correlated	 with	 patients	 with	 higher	 systemic	 inflammatory	 levels	 [i.e.	

higher	 serum	 C-reactive	 protein	 (CRP)	 and	 erythrocyte	 sedimentation	 rate	 (ESR).15Due	 to	 the	

small	numbers	in	this	study	(24	patients)	associations	between	Langerhans	cell	density	and	HLA	

B27	could	not	be	made.15	Patients	with	an	active	systemic	inflammatory	disease	state	(elevated	

serum	CRP	and	ESR)	had	significantly	decreased	tear	production	compared	with	healthy	control	

subjects	and	AS	patients	with	low	systemic	inflammation.15This	suggests	that	corneal	changes	are	

associated	with	systemic	inflammation,	rather	than	dry	eye	and	poses	the	possibility	that	IVCM	of	

Langerhans	cells,	much	like	in	SLE,	can	be	used	to	monitor	disease	progression	and	therapeutic	

response.173	
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3.3.3	Rheumatoid	Arthritis	

Rheumatoid	 arthritis	 (RA)	 is	 a	 chronic,	 inflammatory	 disorder	 affecting	 the	 joints,	 leading	 to	

progressive	 deformation	 and	 loss	 of	 function.180The	 inflammation	 affects	 the	 joint	 capsule	 and	

cartilage,	causing	fibrosis,	stiffness	and	pain.	Systemically	RA	can	cause	diffuse	inflammation	of	the	

pleura,	pericardium	and	ocular	surfaces.180Ocular	manifestations	of	RA	include	scleritis,	keratitis	

and	keratoconjunctivitis,	with	sicca	symptoms	being	the	most	common.14IVCM	allows	for	direct	

visualisation	of	the	ocular	tissues,	especially	the	Langerhans	cells	that	play	a	key	role	in	regulation	

of	the	corneal	immune	response.14	

	

The	maturation	process	by	which	Langerhans	cells	develop	dendrites	and	migrate	to	the	central	

cornea	is	induced	by	inflammatory	cytokines	including	IL-1α,	IL-6,	IL-8,	IL-12	and	TNF-α.14	The	

morphology	difference	in	non-dendritic	and	dendritic	Langerhans	cells	can	be	clearly	seen	on	IVCM	

images.14As	with	systemic	 lupus	erythematosus	and	ankylosing	spondylitis,	 IVCM	of	the	central	

cornea	in	52	RA	patients	and	24	age-matched	controls	revealed	an	increase	in	dendritic,	activated	

Langerhans	cells	 in	the	central	cornea	of	those	with	RA.14Langerhans	cell	density	at	the	central	

cornea	was	68.15	±	71.27	cells/mm²	in	RA	patients	and	23.85	±	33.81	cells/mm²	in	healthy	control	

subjects.14This	 remains	 a	 significant	 increase	 even	 after	 patients	 with	 overlapping	 Sjӧgren’s	

syndrome	and	eye	symptoms	were	excluded.14IVCM	allows	for	an	integrated,	whole	body	approach	

to	assessment	of	rheumatoid	arthritis	where	disease	severity	can	be	measured	not	just	in	terms	of	

systemic	 inflammatory	 markers,	 but	 in	 clinical	 ocular	 signs	 of	 keratoconjunctivits	 sicca	 and	

Langerhans	cell	density.	
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3.3.4	Sjӧgren’s	Syndrome	

Sjӧgren’s	syndrome	is	a	chronic	autoimmune	disorder	in	which	the	exocrine	glands	are	affected	by	

inflammation	leading	to	xerostomia	and	keratoconjunctivitis	sicca.	The	syndrome	can	be	primary	

or	may	occur	secondary	to	another	connective	tissue	disorder.180Previously,	keratoconjunctivitis	

sicca	associated	with	Sjӧgren’s	syndrome	was	thought	to	be	due	to	a	deficiency	in	the	secretion	of	

the	 aqueous	 component	 of	 the	 tear	 film,	 but	 now	 it	 is	 recognised	 to	 be	 a	 complex	 interaction	

between	aqueous	deficiency,	lacrimal	gland	inflammation	and	evaporative	dry	eye.181	

	

Sjӧgren’s	disease	shows	an	increased	density	of	dendritic	Langerhan	cells	in	the	central	cornea,	as	

imaged	 by	 IVCM.	 This	 increase	 is	 observed	 in	 several	 other	 systemic	 diseases,	 previously	

mentioned	in	this	review.14-16Langerhans	cell	density	could	possibly	be	a	useful	marker	of	disease	

status	in	Sjӧgren’s	syndrome.		

	

Another	 biomarker	 investigated	 in	 Sjӧgren’s	 disease	 is	 conjunctival	 goblet	 cell	 density	 and	

meibomian	 gland	 density.181,	 182Both	 primary	 and	 secondary	 Sjӧgren’s	 patients	 demonstrated	

lower	meibomian	gland	density.	However,	Sjӧgren’s	syndrome	shows	less	acinar	dilation,	lower	

secretion	 reflectivity	 and	 decreased	 gland	 opening	 diameters	 in	 contrast	 to	 patients	 with	

meibomian	 gland	 disease.181A	decrease	 in	 conjunctival	 goblet	 cell	 density	 is	 reported	 to	 be	 an	

accurate	marker	of	ocular	surface	disease.182This	is	due	to	the	role	of	the	goblet	cells	in	secreting	

the	mucin	needed	for	tear	film	stability	and	a	reduction	in	the	number	of	goblet	cells	is	associated	

with	ocular	surface	disease.182Traditionally	imaging	of	conjunctival	goblet	cells	involves	taking	a	

conjunctival	sample	through	a	biospy	for	impression	cytology.182IVCM	enables	imaging	of	goblet	

cells	in	vivo	and	a	significant	decrease	in	goblet	cell	density	has	been	demonstrated	in	Sjӧgren’s	

syndrome	patients	without	the	need	for	a	biopsy.182However	it	is	of	note	that	goblet	cell	density	

measured	by	IVCM	was	higher	than	the	density	measured	by	impression	cytology.182Examination	



48 
 

of	goblet	cell	density	allows	for	not	only	diagnosis	of	Sjӧgren’s	syndrome,	but	also	for	evaluation	

of	the	efficacy	of	therapeutic	interventions	and	monitoring	of	disease	progression.182	

	

3.4	Genetic	diseases	–	Fabry	Disease		

	

Fabry	disease	is	a	rare	genetic,	X-linked	lysosomal	storage	disease	characterised	by	a	deficiency	or	

absence	 of	 the	 alpha-galactosidase	 A	 enzyme.	 This	 deficiency	 results	 in	 the	 accumulation	 of	 a	

metabolic	 by-product	 known	 as	 globotriaosylceramide	 (Gb3),	 a	 glycosphingoloipid.	 The	

accumulation	 of	 glycosphingolipid	 in	 vasculature,	 tissues	 and	 end	 organs	 produce	 a	myriad	 of	

clinical	 symptoms	 that	 can	 include	 renal	 failure,	 hypertension,	 cardiomyopathy,	 neuropathy,	

anhidrosis	 and	 angiokeratomas.183	 Presentation	 of	 Fabry	 disease	 varies	 and	 includes	

cardiomyopathies,	renal	impairment,	unexplained	pain	throughout	the	whole	body	or	localised	in	

the	 extremities,	 within	 the	 abdomen	 and	 thoracic	 cavity,	 gastrointestinal	 and	 cerebrovascular	

symptoms.184	 The	 variability	 in	 clinical	 presentation	 makes	 Fabry	 disease	 an	 often	 elusive	

diagnosis.	A	review	of	Fabry	disease	demonstrated	the	delay	in	diagnosis	can	be	as	long	as	10	years,	

a	 highly	 significant	 delay	 in	 a	 potentially	 life-threatening	 disease.183Corneal	 verticillata	 are	 a	

characteristic	 ocular	 sign	 of	 Fabry	 disease,	 occuring	 in	 88%	of	 all	 female	 and	 95%	of	 all	male	

patients	and	are	thought	to	occur	due	to	glycosphingolipid	deposition	within	the	cornea	at	the	level	

of	Bowman’s	layer.183	

	

Corneal	verticillata	can	be	caused	by	a	variety	of	agents,	usually	 long	term	therapy	with	a	wide	

variety	of	medications	(e.g.	amiodarone),	or	can	occur	secondary	to	environmental	exposure	to	

silica	 dust.183Verticillata	 are	hyper-reflective	 intracelluluar	 inclusions,	 and	 their	 appearance	 on	

IVCM	as	an	irregular	surface	on	Bowman’s	layer	helps	to	differentiate	Fabry	disease	from	other	

causes	such	as	amiodarone-induced	keratopathy.144,	184IVCM	also	reveals	generalised	deposition	
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of	a	reflective	substance	throughout	the	corneal	stroma.144		In	addition	to	IVCM’s	diagnostic	merit,	

it	has	also	been	demonstrated	 to	be	useful	 in	monitoring	 the	regression	of	 the	hyper-reflective	

inclusions	in	patients	being	treated	with	enzyme	replacement	therapy.142	

	

Fabry	 disease	 is	 associated	 with	 a	 small	 fibre	 neuropathy;	 a	 key	 factor	 in	 the	 diagnosis	 and	

monitoring	 of	 disease	 progression.155	 Electrophysiology	 and	 quantitative	 sensory	 testing	 have	

been	employed	for	monitoring	purposes,	but	are	known	to	be	less	accurate	than	the	more	invasive	

techniques	 of	 sural	 nerve	 or	 skin	 biopsies.155	 	 Symptom	 severity,	 electrophysiology	 and	

quantitative	sensory	testing	(QST)	all	correlated	significantly	with	a	decrease	in	sub-basal	corneal	

nerve	density	on	IVCM,	making	IVCM	a	potentially	accurate	and	non-invasive	monitoring	tool	in	

this	disease.155	

	

3.5	Immunology	

3.5.1	Human	Immunodeficiency	virus	

Human	 immunodeficiency	 virus	 (HIV)	 associated	 peripheral	 neuropathy	 is	 the	 most	 common	

neurological	effect	of	the	virus	and	affects	most	HIV	patients	to	varying	degrees.185	As	with	small	

fibre	 neuropathies	 of	 other	 causes,	 HIV	 peripheral	 neuropathy	 is	 associated	with	 a	 significant	

decrease	 in	 intra-epidermal	 nerve	 fibre	 density.186	 HIV	 neuropathy	 can	 be	 assessed	 through	

reported	symptoms,	quantitative	sensory	testing	and	skin	biopsies	of	intra-epidermal	nerve	fibre	

density,	 each	with	 their	 own	 limitations.	 Patient	 reported	 symptoms	 are	 subjective,	 and	 often	

symptoms	of	mild	neuropathy	are	not	reported.186,	187	Quantitative	sensory	testing	of	vibration,	

warm	and	cool	sensation	are	able	to	detect	individuals	with	the	greatest	degree	of	peripheral	nerve	

dysfunction	when	correlated	with	invasive	skin	punch	biopsies.187	While	these	methods	are	able	



50 
 

to	 identify	 those	with	HIV	associated	neuropathy,	 they	are	not	 sensitive	enough	 to	detect	mild	

neuropathy.187	

	

A	 key	 study	 investigating	 Simian	 immunodeficiency	 virus	 (SIV),	 the	 simian	 variant	 of	HIV,	 has	

shown	that	SIV	leads	to	significant	corneal	sub-basal	nerve	loss	in	Macaque	monkeys.188	The	study	

involved	 in	 vitro	 immunolabeling	 of	 corneal	 tissue	 from	 Macaquemonkeys	 infected	 with	 SIV	

followed	by	manual	and	automated	analysis	of	nerve	density.188	Corneal	nerve	density	was	directly	

correlated	with	epidermal	nerve	fibre	length,	measurement	of	the	degree	of	RNA	viral	replication	

and	 cellular	 immune	 activation	 in	 the	 trigeminal	 ganglia.188	 In	 addition	 to	 these	 correlations,	

corneal	 nerve	 fibre	 density	 was	 reported	 to	 be	 lower	 in	 the	 group	with	 faster	 progression	 of	

neuropathy,	 signalling	 the	 potential	 to	 use	 IVCM	 as	 a	 monitoring	 tool	 for	 the	 progression	 of	

disease.188	

	

This	study	has	been	heralded	as	a	cornerstone	development	in	the	study	of	HIV	neuropathy.		If	this	

is	also	demonstrated	in	human	patients,	IVCM	could	provide	effective	diagnosis	of	HIV	neuropathy	

and	be	a	valuable	clinical	tool	in	monitoring	the	progression	of	HIV	neuropathy.188	

	

3.5.2	Peripheral	autoimmune	neuropathy	

Peripheral	 autoimmune	 neuropathy	 is	 a	 group	 of	 syndromes	 involving	 an	 acquired,	 chronic	

inflammatory	process	that	results	in	peripheral	nerve	damage.	Several	different	immune	pathways	

have	 been	 implicated	 but	 the	 process	 is	 still	 poorly	 understood.	 Chronic	 inflammatory	

demyelinating	 polyneuropathy	 (CIDP)	 is	 one	 such	 syndrome	 and	while	 it	 mainly	 affects	 large	

myelinated	 nerves,	 skin	 biopsies	 of	 CIDP	 patients	 have	 also	 demonstrated	 small	 nerve	 fibre	

involvement.189	
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IVCM	 demonstrated	 significantly	 reduced	 corneal	 sub-basal	 nerve	 density	 in	 CIDP	 patients.189	

Despite	this,	sub-basal	nerve	density	did	not	correlate	with	nerve	conduction	studies,	trigeminal	

somatosensory	 evoked	 potentials,	 or	 any	 other	 clinical	 measurement.	 This	 lack	 of	 correlation	

points	 towards	 the	 multifocal	 nerve	 fibre	 involvement	 hypothesis	 in	 a	 poorly	 understood	

condition.189	

	

Another	 case	 noted	 normal	 sub-basal	 nerves,	 but	 significantly	 thickened	 and	 tortuous	 stromal	

nerves	 that	 returned	 to	 normal	 appearances	 after	 treatment	 with	 Rituximab	 and	

corticosteroids.143	 These	 corneal	 nerve	 changes	 correlated	 with	 clinical	 symptoms	 and	 nerve	

conduction	 studies.143	 The	 observation	 of	 decreased	 sub-basal	 nerve	 density	 in	 CIDP	 could	

contribute	to	overall	medical	knowledge	and	understanding	of	the	underlying	pathogenesis	of	this	

condition.	 The	 application	 of	 IVCM	 to	 this	 condition	 requires	 further	 investigation.	 Larger	

prospective	 studies	 are	 needed	 to	 explore	 the	 relationship	 between	 corneal	 sub-basal	 nerve	

density	and	the	pathogenesis	and	progression	of	CIDP.	Its	ability	to	simultaneously	assess	small	

fibre	damage	and	 the	 immune	response	 in	dendritic,	maturing	Langerhan	cells	makes	 IVCM	an	

attractive	potential	tool	in	the	diagnosis	and	monitoring	of	CIDP.		

	

3.6	Chemotherapy	induced	peripheral	neuropathy	

Chemotherapy	with	platinum	based	agents	such	as	oxaliplatin	is	considered	the	standard	of	care	

in	treatment	of	gastrointestinal	cancers.101	Unfortunately		the	drug	may	cause	sensory	neuropathy	

in	 up	 to	 80%	of	 patients	 -	 a	 neuropathy	 sufficiently	 severe	 to	 limit	 the	 dose	 of	 chemotherapy	

delivered,	or	terminate	treatment	altogether.101	Recently,	corneal	IVCM	has	been	shown	to	be	a	

sensitive	 clinical	 tool	 in	 early	 diabetic	 peripheral	 neuropathy	 and	 may	 be	 clinically	 used	 to	

diagnose	 and	monitor	progression	of	neuropathy.	Therefore,	 it	may	be	possible	 to	use	 corneal	

IVCM	as	a	surrogate,	or	even	prognostic	marker	for	chemotherapy-induced	peripheral	neuropathy.		
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In	the	largest	case	series	in	the	literature,	fifteen	patients	receiving	oxaliplatin	chemotherapy	for	

colorectal	 adenocarcinoma	were	assessed	prior	 to	 commencement	of	 chemotherapy,	 after	 four	

cycles	in	those	undergoing	more	than	four	cycles,	and	again	after	completion	of	chemotherapy.114	

Out	of	the	fifteen	oxaliplatin	patients,	ten	had	worsened	subjective	neuropathy	symptoms	at	the	

end	of	the	study	and	eight	had	clinically	detected	signs	of	peripheral	neuropathy.	IVCM	revealed	

corneal	sub-basal	nerve	plexus	abnormalities	in	ten	patients,	with	a	decreased	nerve	density	and	

increased	tortuosity.(Figure	4)	Seven	of	these	patients	had	worsened	symptoms	of	neuropathy	and	

abnormal	 neurophysiology;	 the	 remaining	 three	 had	 worsened	 symptoms	 and	 normal	

neurophysiology.	Of	the	five	patients	with	stable	symptom	scores,	four	had	IVCM	changes.	IVCM	

changes	were	present	after	four	cycles,	and	persisted	until	completion.114	

	

	

	

	

	

Figure	3.4.		In	vivo	confocal	microscopy	image	of	the	central	corneal	sub-basal	plexus	of	a	72	year	

old	male	who	completed	nine	courses	of	Oxaliplatin	chemotherapy,	showing	a	low	sub-basal	nerve	

density.	(Frame	size	represents	400µm	x	400µm)	

	

This	case	series	highlighted	 the	potential	 role	 IVCM	may	play	 in	oxaliplatin-induced	peripheral	

neuropathy	and	how	it	may	be	used	to	identify	at	risk	patients.	Future	studies	investigating	the	use	

of	IVCM	in	oxaliplatin-induced	peripheral	neuropathy	are	needed	to	fully	assess	the	correlation	

between	corneal	sub-basal	nerve	density	and	peripheral	neuropathy.		
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Further	 assessment	 may	 reveal	 corneal	 IVCM	 to	 be	 a	 cost-effective,	 rapid	 screening	 tool	 for	

detecting	 or	 predicting	 oxaliplatin-induced	 peripheral	 neuropathy	 and	 monitoring	 its	

development	 during	 chemotherapy	 treatment.	 It	 is	 this	 paucity	 of	 data	 regarding	 Oxaliplatin-

induced	peripheral	neuropathy	that	has	 led	to	the	conception	of	chapter	 five	of	 this	thesis.	The	

COCO	Study	(Corneal	nerve	microstructure	changes	observed	by	in	vivo	confocal	microscopy	in	

Oxaliplatin	 patients)	 is	 the	 largest	 longitudinal	 study	 investigating	 the	 role	 of	 corneal	 IVCM	 in	

Oxaliplatin-induced	peripheral	neuropathy.		

	

Conclusion	

	IVCM	allows	for	repeated,	non-	invasive,	direct	visualisation	of	these	nerves,	enabling	detection	of	

damage,	making	it	a	powerful	clinical	and	research	tool.52,	53	Recently	there	is	increasing	interest	

in	applying	this	technique	to	the	assessment	of	systemic	conditions	and	peripheral	neuropathies	

with	 hopes	 that	 its	 advantages	 will	 provide	 a	 rapid,	 cost-effective	 method	 of	 assessing	 and	

managing	patients.		

	

Peripheral	neuropathies	are	currently	evaluated	using	several	methods	such	as	electrophysiology,	

assessment	 of	 neurological	 disability	 via	 various	 validated	 questionnaires,	 and	 quantitative	

sensory	testing.147,	152,	157,	190These	clinical	parameters	a	have	several	limitations	when	assessed	in	

a	 clinical	 setting.	 Questionnaires	 are	 subjective,	 and	 while	 electrophysiology	 and	 quantitative	

sensory	testing	methods	are	objective,	they	are	often	not	sensitive	enough	to	detect	the	early	stages	

of	neuropathy.	Only	the	gold	standard	of	an	invasive	nerve	or	skin	biopsy	will	permit	clinicians	to	

directly	examine	nerve	fibre	damage.	IVCM	is	able	to	overcome	many	of	these	limitations,	and	most	

importantly	allows	for	repeated	examinations	without	causing	tissue	damage.		
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There	 is	growing	evidence	regarding	 the	use	of	 IVCM	 in	patients	with	diabetes	and	correlating	

corneal	nerve	density	with	peripheral	neuropathy.	However,	only	a	handful	of	clinical	studies	have	

investigated	the	use	IVCM	in	other	systemic	conditions,	and	most	of	the	studies	involved	are	small	

case	series.	While	providing	interesting	results	that	suggest	IVCM	could	be	clinically	useful	in	these	

conditions,	further	research	is	needed	to	fully	explore	its	diagnostic	and	monitoring	potential.		
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Chapter	4:Immunohistochemistry	of	
Oxaliplatin	Treated	Mouse	Corneas	
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4.1	Introduction,	Aims,	Hypothesis	
 

4.1.1	Introduction	
 

The	FDA	has	yet	to	approve	any	treatment	for	chemotherapy	induced	peripheral	neuropathy.136As	

discussed	 in	 chapter	 eight,	 conventional	 methods	 of	 treating	 peripheral	 neuropathies	 such	 as	

amitriptyline	 and	 carbamazepine	 are	 not	 effective	 for	 chemotherapy	 induced	 peripheral	

neuropathy.128	The	reason	for	this	is	unclear,	but	suggests	that	chemotherapy	induced	peripheral	

neuropathy	may	have	a	different	pathogenesis	to	other	forms	of	neuropathy.		

	

Recent	research	into	treatment	for	chemotherapy	induced	peripheral	neuropathy	has	focussed	on	

the	potential	effect	of	antioxidants	on	prevention	and	symptom	treatment.191-195The	premise	for	

this	interest	is	that	chemotherapy	induced	peripheral	neuropathy	may	be	caused	by	free	radicals	

formed	by	chemotherapy	agents	and	their	metabolites.	Ergothioneine	is	one	such	antioxidant	that	

is	 being	 investigated	 for	 its	 potential	 neuroprotective	 effect	 and	 thus	 potential	 use	 in	

chemotherapy	 patients.191	 The	 concurrent	 administration	 of	 Ergothioneine	 with	 routine	

chemotherapy	regimens	is	thought	to	reduce	the	incidence	of	chemotherapy	induced	peripheral	

neuropathywith	 no	 noted	 side	 effects.191	 However,	 this	 promising	 benefit	 has	 not	 been	

investigated	by	randomised	controlled	clinical	trials,	nor	has	it	been	demonstrated	in	laboratory	

or	animal	studies.		

	

The	mouse	model	may	offer	a	rapid	and	accessible	method	of	investigating	chemotherapy	induced	

peripheral	 neuropathy	 and	 potential	 treatments.	 Mouse	 corneas	 are	 increasingly	 utilised	 in	

corneal	research.	There	are	several	reasons	for	this.	Mouse	corneas	are	relatively	inexpensive	and	

easy	to	obtain.	7	The	mouse	corneal	nerve	architecture	has	been	mapped	and	has	been	shown	to	

be	similar	to	human	corneal	nerve	architecture,	making	the	mouse	model	an	appropriate	animal	
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model	 for	 researchers.	 7,	 196,	 197The	mouse	 genome	 has	 also	 been	 fully	 sequenced	 and	 thereby	

provides	the	opportunity	to	create	various	transgenic	and	knockout	strains	of	mice	for	research.198,	

199	Mice	 have	 99%	 of	 their	 genome	 in	 common	with	 humans,	making	mouse	models	 ideal	 for	

research	into	disease	processes.	7,	198,	200Currently,	there	are	no	published	studies	utilising	a	mouse	

model	 to	 investigate	 chemotherapy	 induced	 peripheral	 neuropathy	 or	 the	 potential	

neuroprotective	effect	of	Ergothioneine.		

	

	

4.1.2	Hypothesis	
 

1.	Oxaliplatin	chemotherapy	affects	mouse	corneal	nerves	 in	a	similar	way	to	the	way	 it	affects	

human	corneal	nerves.		

2.	 The	 mouse	 corneal	 model	 is	 a	 suitable	 animal	 model	 to	 further	 investigate	 the	 effect	 of	

Oxaliplatin	chemotherapy	on	corneal	nerve	microstructure.		

4.1.3	Aims	
 

1.	To	determine	the	effect	of	Oxaliplatin	chemotherapy	on	the	mouse	corneal	nerves	 in	healthy	

mice.		

	

4.2	Methods	

	

4.2.1	Collecting	Tissue		
 

Only	adult	mice	were	used	in	this	project	and	so	the	anatomy	described	in	this	thesis	will	be	limited	

to	 adult	mice.	Mice	 are	 considered	 to	be	 adults	 at	 8	weeks	of	 age.201	 Adult	mouse	 corneas	 are	

approximately	3mm	in	diameter.	7	
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The	corneal	stromal	nerves	originate	from	four	nerve	trunks	that	run	from	the	attachments	of	the	

extraocular	muscles	to	the	corneoscleral	limbus.7	At	the	limbus	they	divide	into	further	branches	

to	form	a	dense	stromal	network	at	the	limbus	before	tracking	towards	the	central	cornea	where	

they	 are	 sparse	 in	 number.7,	 201The	 peripheral	 stromal	 network	 of	 nerves	 also	 run	 anteriorly	

through	Bowman’s	 layer	to	 form	the	sub-basal	nerve	plexus.	7	Ex-vivo	and	in-vivo	studies	have	

shown	that	this	nerve	plexus	is	fully	developed	by	8	weeks	of	age	and	subsequently,	no	changes	to	

the	architecture	occur	up	to	24	weeks	of	age.	 .	7,	201,	202	Much	like	 in	human	corneas,	the	mouse	

corneal	sub-basal	nerve	plexus	forms	an	infero-central	whorl.7,	201	Nerve	terminals	extend	from	

the		sub-basal	nerve	plexus	anteriorly	to	innervate	epithelial	cells.7	

	

	

	

	

	

	

	

	

	

	

The	use	of	nude	mice	was	pioneered	1962	in	Ruchill	Hospital’s	virology	laboratory	in	Glasgow.203,	

204These	mice	lack	a	thymus	gland	and	therefore	are	unable	to	produce	T	lymphocytes.203,	205This	

renders	them	incapable	of	mounting	adaptive	immune	responses,	making	them	ideal	for	research	

in	solid	organ	tumours	such	as	bowel	cancer.204,	205	

500µm
m 

Figure	4.1:	Mouse	corneal	nerve	architecture,	showing	the	whole	cornea	and	also	the	

central	cornea.	Figure	adapted	from	He	and	Bazan.7	
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The	 corneas	 of	 the	 mice	 were	 acquired	 from	 the	 Oncology	 Department	 at	 the	 University	 of	

Auckland,	that	 is	conducting	research	on	the	effect	of	Oxaliplatin	chemotherapy	on	the	nervous	

system	 and	 the	 effect	 of	 Ergothioneine,	 the	 antioxidant	 and	 potential	 neuroprotectant	 (animal	

ethics	approval	number	R1032).191	This	animal	ethics	covers	usage	of	all	tissues	from	these	mice.	

	

All	 the	 eyes	 used	 in	 this	 study	 were	 collected	 in	 a	 single	 session	 and	 tissues	 were	 fixed	 and	

dissected	 immediately	 afterwards,	 all	 processed	 by	 Dr	 Ellen	 Tyler.	 All	 corneas	 underwent	 the	

immunohistochemistry	staining	protocol	simultaneously.		

 

4.2.2	Mouse	treatment	protocol	

Ten	mice	in	total	were	divided	into	three	different	treatment	groups.	Mice	in	the	first	treatment	

group	 were	 treated	 with	 Oxaliplatin	 chemotherapy	 and	 Ergothioneine	 (n	 =	 2).	 Oxaliplatin	

chemotherapy	administered	as	an	intravenous	infusion	on	days	5	and	8	of	the	treatment	protocol.	

The	dose	of	Oxaliplatin	delivered	was	based	on	the	body	weight	of	the	animal	(as	it	is	in	humans)	

and	was	dosed	at	10mg/kg.	 Intraperitoneal	Ergothioneine	was	delivered	daily	on	days	1-5	and	

days	8-12.	This	was	dosed	at	100mg/kg.		

	

The	Oxaliplatin	 treatment	group	(n	=	4)	received	Oxaliplatin	chemotherapy	administered	as	an	

intravenous	infusion	on	days	5	and	8.	These	mice	received	intraperitoneal	distilled	water	daily	on	

days	1-5	and	days	8-12.	

	

The	control	group	(n	=	4)	received	intravenous	5%	glucose	on	days	5	and	8,	and	intraperitoneal	

distilled	water	 daily	 on	 days	 1-5	 and	 days	 8-12.	 This	 group	did	 not	 receive	 any	Oxaliplatin	 or	

Ergothioneine.	
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4.2.3	Tissue	dissection	
 

On	day	14,	the	mice	were	first	anaesthetised	by	intraperitoneal	phenobarbitone	injection.	Eyes	and	

organs	were	retrieved	at	this	stage	by	an	oncology	researcher	and	immediately	placed	into	cold	

Zamboni’s	 fixative.	Mice	were	 then	 euthanized	 by	 paraformaldehyde	 cardiac	 perfusion,	 before	

being	further	dissected	for	oncology	research.		

	

Eyes	were	dissected	after	they	had	been	in	Zamboni’s	fixative	for	30	minutes,	and	once	dissected	

were	placed	back	into	Zamboni’s	fixative	until	each	specimen	had	spent	4	hours	total	in	fixative.	

Corneas	were	 dissected	with	 a	 corneo-scleral	 rim	 attached.	 Lens	matter	 and	 uveal	 tissue	was	

removed.	The	endothelium	of	each	cornea	was	stripped	off	by	an	experienced	corneal	surgeon.The	

corneo-scleral	rims	were	removed	and	4	equally	spaced	radial	 incisions	were	made	in	the	mid-

peripheral	cornea	to	allow	for	flat	mounting	of	the	corneas.	

	

 

Figure	4.2:	Photo	showing	a	flat	mounted	mouse	cornea,	demonstrating	the	4	radial	cuts	
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4.2.4	Immunohistochemistry	protocol:	
 

Several	 different	 immunohistochemistry	 protocols	were	 attempted	 prior	 to	 obtaining	 the	 final	

protocol	that	yielded	optimum	corneal	nerve	staining.	These	protocols	are	summarised	in	a	table	

in	Appendix	 II.	Attempts	 to	establish	a	protocol	were	made	using	mouse	corneas	sourced	 from	

different	research	groups	in	the	University	of	Auckland	who	would	have	otherwise	discarded	the	

tissue.	All	eyes	were	enucleated	and	immediately	placed	into	Zamboni’s	fixative	for	a	brief	storage	

period	(mean	4	hours,	range	3.5-5	hours)	until	dissection	could	be	performed.		

	

The	 first	 three	 immunohistochemistry	 trial	 protocols	 included4′,6-Diamidine-2′-phenylindole	

dihydrochloride	(DAPI)		labelling	of	cell	nuclei	to	check	for	tissue	integrity.	Once	it	was	established	

that	the	tissue	processing	and	dissection	process	did	not	affect	integrity,	DAPI	labelling	was	not	

included	 in	 the	 protocol.	 In	 total,	 nine	 different	 protocols	 were	 attempted	 prior	 to	 successful	

labelling	of	the	corneal	nerves.		

	

The	 initial	 protocols	 involved	 collecting	 eyes	 after	 fixation	 of	 whole	 mouse	 tissues	 with	 4%	

paraformaldehyde	by	cardiac	perfusion.	This	 fixative	agent	was	subsequently	changed	to	 fresh,	

cold	Zamboni’s	fixative,	as	several	studies	reported	good	nerve	staining	and	decreased	background	

auto-fluorescence	compared	to	4%	paraformaldehyde.		

	

Initial	attempts	to	label	corneal	nerves	utilised	β-III-tubulin	(mouse	anti-β-tubulin,	#T8328,	Sigma	

Aldrich,	Missouri,	U.S.A)	as	a	primary	antibody.206,	207	Following	4	unsuccessful	attempts,	protocols	

were	 changed	 to	 utilise	 Neurofilament-200	 (rabbit	 anti-Neurofilament	 200,	 #N4142,	 Sigma	

Aldrich,	Missouri,	U.S.A)	as	the	primary	antibody.	Limited	success	was	initially	observed	with	NF-

200,	 with	 nerves	 visible	 only	 at	 tissue	 edges,	 suggesting	 limited	 penetration	 of	 the	 antibody	
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through	 the	 tissue.	Penetration	was	enhanced	by	stripping	away	 the	corneal	endothelium	after	

fixation.	

	

In	 all	 labelling	 attempts,	 corneal	 stromal	 nerves	 were	 observed	 more	 reliably	 than	 sub-basal	

nerves,	with	only	patchy	detection	of	the	sub-basal	plexus	in	most	eyes.	Therefore	the	decision	was	

made	to	only	analyse	corneal	stromal	nerve	density.	A	total	of	nine	staining	runs	were	employed	

in	order	to	achieve	the	final	immunohistochemistry	protocol	outlined	in	the	next	section.		

	

4.2.5	Final	immunohistochemistry	protocol	
 

For	the	final	immunohistochemistry	protocol	staining	run,	ten	mice	from	three	different	treatment	

groups	 were	 available.	 The	 treatment	 groups	 are	 outlined	 below.	 Each	 dissected	 cornea	 was	

washed	in	phosphate	buffered	saline	(PBS)	three	times	for	15	minutes	each	time	followed	by	a	

permeability	step	in		0.5%	Triton	X	for	15minutes	at	-80	°C.	The	frozen	specimens	were	allowed	to	

thaw	 completely	 at	 room	 temperature.	 Specimens	 were	 washed	 twice	 in	 2%	 Triton	 X	 for	

15minutes	each.		

	

Each	specimen	was	placed	in	blocking	solution	(PBS+10%	normal	goat	serum	+2%	Triton	X)	at	

room	temperature	for	1	hour.	Each	cornea	was	then	removed	from	blocking	solution	and	placed	in	

primary	 antibody	 solution,	 Neurofilament-200	 diluted	 1:400	 in	 blocking	 solution,	 and	 left	 to	

incubate	overnight	at	4	°C.	The	corneas	were	removed	from	the	primary	antibody	and	placed	in	

PBS	and	washed	overnight.		
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After	the	overnight	wash,	each	cornea	was	washed	another	3	times,	for	15minutes	each	time	in	

PBS	before	being	placed	in	secondary	antibody	solution,	goat–anti-rabbit	Alexa	568	diluted	1:500	

in	0.1%	Triton	X.	This	was	allowed	to	incubate	at	room	temperature	for	3	hours.	The	corneas	were	

washed	another	3	times	in	PBS,	for	15minutes	each	time,	before	being	mounted	whole	on	slides	in	

Citifluor	medium	and	covered	with	coverslips.		

	

4.2.6	Corneal	nerve	density	analysis	
 

One	eye	from	each	mouse	was	randomly	selected	to	be	used	in	the	analysis.	Each	whole	mounted	

cornea	was	imaged	using	laser	scanning	confocal	microscopy	(Heidelberg	Retinal	Tomograph	III-

Rostock	Cornea	Module,	Heidelberg	Engineering	GmBH,	Germany)	at	10x	magnification.	Z-stack	

series	were	obtained,	each	Z-stack	was	merged	into	one	image	and	these	images	were	manually	

montaged	using	Adobe	Photoshop	CS5.1.	Z-stack	series	of	the	central	cornea	of	each	eye	were	then	

imaged	at	20x	magnification	and	montages	were	produced	in	the	same	fashion.	Each	montage	was	

loaded	 into	 ImageJ	 software	 (Version	 1.4.3,	 National	 Institutes	 of	 Health,	 USA)	 and	 all	 visible	

nerves	were	manually	traced	using	a	Wacom	tablet	(Wacom	Technology	Group,	Vancouver,	BC,	

Canada)	and	the	NeuronJ	software	(Version	3.0.0,	National	Institutes	of	Health,	USA)	plugin.	The	

tracing	process	is	described	in	greater	detail	in	chapter	five.	From	these	tracings,	central	corneal	

nerve	densities	were	calculated	in	mm/mm2.		

	

4.2.7	Statistical	analysis	
 

Statistical	 analysis	 was	 performed	 using	 Microsoft	 Excel	 (Microsoft	 Office	 Professional	 2013,	

Microsoft	Corporation).	Nerve	density	data	was	exported	from	NeuronJ	into	an	Excel	spreadsheet	

and	mean	nerve	densities	calculated.	T-tests	were	also	performed	in	Excel	using	inbuilt	formulae.		
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4.3	Results		
 

4.3.1	Control	mice	
 

The	four	eyes	in	the	control	group	showed	a	mean	corneal	nerve	density	of	13.63±4.79mm/mm2.		

Images	from	a	representative	control	eye	are	presented	in	figure	3.	

 

Figure	4.3:	A.	Montage	of	a	whole	cornea	of	a	control	mouse	at	10x	magnification.	B.	Montage	of	

the	central	cornea	at	20x	magnification	of	the	same	control	mouse	used	for	nerve	density	tracing.	

Only	stromal	nerve	density	was	analysed.	

 

The	 corneas	 of	 control	 mice	 demonstrated	 both	 stromal	 nerve	 and	 sub-basal	 nerve	 labelling.	

Stromal	nerves	appear	thicker,	while	sub-basal	nerves	are	finer	and	the	fibres	run	parallel	to	each	

other.		

	
 

	
 

400µm	1mm	
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4.3.2	Oxaliplatin	treated	mice	

 

The	 four	 eyes	 in	 theOxaliplatin	 treatment	 group	 had	 a	 mean	 corneal	 nerve	 density	 of	

11.62±6.16mm/mm2.	Images	from	a	representative	Oxaliplatin	treated	eye	is	presented	below	in	

figure	3.		

 

Figure	4.4:A.	Montage	of	a	whole	cornea	of	an	Oxaliplatin	treated	mouse	at	10x	magnification.	B.	

Montage	of	the	central	cornea	of	the	same	control	mouse	used	for	nerve	density	tracing. 

	

The	corneas	of	Oxaliplatin	treated	mice	showed	only	stromal	nerve	labelling,	with	no	obvious	sub-

basal	nerve	labelling.	Subjectively,	the	stromal	nerves	appeared	to	be	more	tortuous	than	those	of	

the	control	mice,	demonstrating	nerve	fibres	that	loop,	features	not	observed	in	control	corneas.		

	

	

	

	

	
 

	

400µm	1mm	
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4.3.3	Oxaliplatin	and	Ergothioneine	treated	mice	

 

The	two	eyes	in	the	Oxaliplatin	and	Ergothioneine	treatment	group	showed	a	mean	corneal	stromal	

nerve	density	of	3.93±3.21mm/mm2.	Both	eyes	demonstrated	markedly	reduced	nerve	density	in	

both	the	central	and	peripheral	cornea.		

 

Figure	4.5:A.	Montage	of	a	whole	cornea	of	an	Oxaliplatin	and	Ergothioneine	treated	mouse	at	10x	

magnification.	B.	Montage	of	the	central	cornea	of	the	same	control	mouse	used	for	nerve	density	

tracing.	

 

The	central	corneas	of	Oxaliplatin	and	Ergothioneine	treated	mice	demonstrated	extremely	sparse	

and	thin	nerve	fibres.	Compared	with	both	control	and	Oxaliplatin	treated	mice,	this	group	clearly	

had	the	lowest	nerve	density.	The	few	nerves	that	were	observed	appeared	to	show	a	degree	of	

tortuosity,	and	like	the	Oxaliplatin	treated	group,	there	was	no	visible	sub-basal	nerve	labelling.		

	

400µm	1mm	
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Figure	4.6:	Bar	graph	showing	the	mean	corneal	nerve	densities	of	control	mice,	Oxaliplatin	

treated	mice	and	Oxaliplatin	and	Ergothioneine	treated	mice.		

 

The	mean	corneal	nerve	densities	of	each	group	of	mice	 is	shown	 in	Figure	1.	The	mean	nerve	

density	 in	 control	 mice	 was	 13.63±4.79mm/mm2,	 11.62±6.16mm/mm2	 for	 Oxaliplatin	 treated	

mice	 and	 3.93±3.21mm/mm2for	 Oxaliplatin	 and	 Ergothioneine	 treated	mice.	 Due	 to	 the	 small	

sample	 sizes	 in	 each	 group,	 statistical	 consultation	 advised	 that	 no	 p-value	 or	 calculation	 of	

statistical	significance	is	possible.			

	

4.4	Discussion	
 

This	 is	 the	 first	 immunohistochemistry	 study	 that	 investigates	 the	 effect	 of	 Oxaliplatin	

chemotherapy	on	mouse	corneal	nerve	microstructure.	Mouse	corneal	nerve	microstructure	has	
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been	well	described	in	the	literature	and	various	different	immunohistochemistry	protocols	have	

been	used	to	label	the	corneal	nerve	plexus.201,	207In	this	study,	initial	trial	staining	protocols	were	

hampered	with	issues	of	high	background	auto-fluorescence,	and	poor	labelling	due	to	issues	with	

antibody	penetration	through	tissue.	Surgical	removal	of	the	corneal	endothelium	and	a	prolonged	

wash	after	labelling	with	primary	antibody	to	overcome	these	issues	is	a	novel	method,	which	has	

not	 been	 reported	 previously	 in	 immunohistochemistry	 protocols.	 They	 are	 steps	 that	 can	 be	

implemented	 in	 future	 laboratory	work,	 should	 the	 same	 issues	with	whole-mount	 labelling	of	

corneal	nerves	arise	again.			

	

Major	challenges	were	faced	in	obtaining	sufficient	numbers	of	mouse	eyes	for	this	study.	As	this	

study	utilised	tissue	that	would	otherwise	have	been	discarded	from	an	existing	study,	numbers	of	

eyes	were	limited	by	the	number	of	mice	processed	by	this	study.	Upon	conception	of	this	animal	

model	study,	much	larger	numbers	of	mice	were	initially	discussed,	but	ultimately	only	ten	mice	

were	able	to	be	obtained	during	the	duration	of	this	thesis.	The	existing	study	was	followed	by	the	

Ophthalmology	department	 for	 over	 two	years,	without	 further	discussion	of	more	mice	being	

processed	and	so	 the	chase	 for	 further	eyes	was	ended	 in	order	 to	 facilitate	completion	of	 this	

thesis.		

	

Although	statistical	analysis	could	not	be	performed	due	to	the	small	numbers	in	each	group,	some	

obvious	 trends	were	observed.	The	 eyes	of	 oxaliplatin	 treated	mice	 showed	decreased	 corneal	

nerve	 density	 compared	 to	 control	 animals.	 Interestingly,	 the	 eyes	 of	 mice	 treated	 with	 both	

Oxaliplatin	and	Ergothioneine	showed	the	 lowest	corneal	nerve	densities	of	all,	 suggesting	that	

Ergothioneine	was	not	an	effective	neuroprotective	agent,	at	least	with	regard	to	preserving	the	

corneal	nerve	plexus.	Ergothioneine	has	been	shown	to	reduce	markers	of	oxidative	damage	 in	

humans,	 and	 is	 one	 of	 several	 anti-oxidants	 being	 investigated	 for	 potential	 use	 in	 treating	
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peripheral	neuropathy	and	neuroprotection.208,	209		It	is	possible	that	Ergothioneine	interacts	with	

Oxaliplatin	 chemotherapy	 in	 some	way	 to	 increase	 the	 extent	 of	 corneal	 neuropathy,	 however	

further	 research	 is	needed	 to	determine	 the	exact	effect	of	Ergothioneine	on	 the	corneal	nerve	

plexus.	None	of	the	mouse	eyes	available	for	this	study	had	any	induced	gastrointestinal	cancers,	

so	 the	 effect	 of	 gastrointestinal	 cancers	 on	 the	 corneal	 sub-basal	 nerve	 plexus	 could	 not	 be	

observed.		

	

The	results	of	this	pilot	study	suggest	that	this	model	may	be	useful	in	the	study	and	treatment	of	

Oxaliplatin	neurotoxicity.	An	animal	model	of	investigation	may	become	increasingly	important	as	

the	incidence	of	colorectal	cancer	increases	worldwide,	and	Oxaliplatin	neuropathy	becomes	an	

increasing	 survivorship	 issue.128	 The	 FDA	 is	 yet	 to	 approve	 any	 treatment	 for	 chemotherapy	

induced	 peripheral	 neuropathy	 and	 the	 systematic	 review	 undertaken	 in	 this	 thesis	 (Chapter	

eight)	 as	well	 as	 an	 older	 Cochrane	 review	 did	 not	 find	 any	 promising	 treatments.136	With	 no	

effective	treatment	available,	further	research	into	potential	treatments	and	monitoring	methods	

will	become	more	pertinent.	The	mouse	model	is	an	appropriate	place	to	begin,	before	translation	

of	new	treatments	into	clinical	practice.		

	

One	 of	 the	 major	 limitations	 of	 this	 study	 is	 the	 small	 sample	 size	 in	 each	 treatment	 group.	

Increased	numbers	 in	 the	 treatment	groups	would	have	made	the	difference	 in	nerve	densities	

between	each	group	clearer.		

	

This	study	utilised	mouse	corneal	stromal	nerves	to	determine	the	effect	of	Oxaliplatin	on	corneal	

nerves.	Analysis	of	corneal	nerve	density	in	humans	is	performed	utilising	the	corneal	sub-basal	

nerve	plexus	as	this	monolayer	of	nerves	is	easily	imaged	and	studies	have	shown	that	there	is	high	
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intra-	and	inter-observer	repeatability.68	Analysis	of	human	corneal	stromal	nerve	density	remains	

more	 challenging.	 In	 vivo	 confocal	microscopy	provides	 en	 face	 imaging	of	 corneal	nerves,	 but	

stromal	 nerves	 can	 often	 track	 oblique	 to	 the	 plane	 of	 imaging,	 making	 these	 nerves	 appear	

shorter.68	This	study	of	mouse	corneas	overcame	that	issue	by	Z-stacking	multiple	imaging	planes	

to	track	whole	stromal	nerves	through	the	stromal	layers.	

	

Further	studies,	with	larger	numbers	of	mouse	eyes	may	help	determine	the	effect	of	Oxaliplatin	

chemotherapy	on	mouse	corneal	sub-basal	nerve	density	to	provide	a	more	accurate	comparison	

with	human	corneal	sub-basal	nerve	density.		
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Chapter	5:	The	COCO	Study		
(Corneal	nerve	microstructure	changes	

observed	by	in	vivo	confocal	microscopy	in	
Oxaliplatin	patients)	
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5.1	Introduction	

	

As	noted	in	Chapter	two	chemotherapy	induced	toxicity	is	often	dose	limiting	resulting	in	patients	

being	unable	 to	complete	 the	desired	course	of	 treatment.	The	platinum	based	compounds,	 for	

example	 Oxaliplatin	 and	 Cisplatin,	 can	 cause	 significant	 peripheral	 sensory	 neuropathy.128	

Significantly,	peripheral	neuropathy	is	the	most	common	dose-limiting	toxicity	of	Oxaliplatin.108	

Oxaliplatin	 chemotherapy	 is	 in	 widespread	 use	 across	 the	 world.	 Oxaliplatin	 along	 with	 5-

fluorouacil	or	oral	Capecitabine	is	now,	as	previously	noted,	the	standard	care	of	gastrointestinal	

cancers	in	both	curative	and	palliative	settings	and	has	prolonged	progression-free	disease	and	

improved	 overall	 survival	 rates	 around	 the	world.108,	 210,	 211	 Chemotherapy	 induced	 peripheral	

neuropathy	 negatively	 effects	 quality	 of	 life	 and	 also	 carries	 a	 significant	 economic	 burden	 on	

health	systems	as	CIPN	patients	have	significant	excess	health	care	costs	and	resource	use.101	

	

Chemotherapy	with	platinum	based	agents	such	as	Oxaliplatin	is	considered	the	standard	of	care	

in	 treatment	 of	 gastrointestinal	 cancers.	 Indeed,	 annually	 ≥200	 patients	 are	 treated	 using	

Oxaliplatin	in	Auckland	Hospital	alone.	Unfortunately	the	drug	may	cause	sensory	neuropathy	in	

up	 to	 80%	 of	 patients	 -	 a	 neuropathy	 sufficiently	 severe	 to	 limit	 the	 dose	 of	 chemotherapy	

delivered,	or	terminate	treatment	altogether.110	As	recognised	earlier	in	chapter	two	an	objective	

method	 of	 assessing	 chemotherapy-induced	 peripheral	 neuropathy	 is	 therefore	 needed	 to	

minimize	long	term	toxicity,	and	yet	maximize	dose	effectiveness.	As	discussed	in	Chapter	three	

Corneal	in	vivo	confocal	microscopy	is	a	unique	non-invasive	tool	that	allows	assessment	of	small	

sensory	fibres	by	direct	observation	of	corneal	nerve	microstructure.	Recently,	corneal	IVCM	and	

corneal	sensitivity	threshold	(CST)	assessment	have	been	shown	to	be	sensitive	clinical	tools	in	

early	 diabetic	 peripheral	 neuropathy	 and	 may	 be	 clinically	 used	 to	 diagnose	 and	 monitor	

progression	of	neuropathy.138,	146,	153	Therefore,	it	may	be	possible	to	use	corneal	IVCM	and	CST	as	

surrogate,	or	even	prognostic,	markers	for	chemotherapy-induced	peripheral	neuropathy.		



73 
 

There	is	a	clear	association	between	the	total	cumulative	dose	of	Oxaliplatin	and	the	development	

of	 chronic	 peripheral	 neuropathy,	 and	 while	 oncologists	 will	 decrease	 the	 dose	 delivered	 or	

terminate	Oxaliplatin	therapy	in	response	to	the	development	of	peripheral	neuropathy,	the	dose	

adjustment	often	occurs	too	late	to	reverse	chronic	peripheral	neuropathy.103	

	

Currently	 there	 are	 no	 methods	 by	 which	 clinicians	 are	 able	 to	 predict	 the	 onset	 of	 chronic	

peripheral	neuropathy,	nor	identify	at	risk	patients.		A	gap	in	the	literature	exists	for	prospective	

studies	 investigating	 chemotherapy	 induced	 corneal	 abnormalities	 and	 an	 association	 with	

peripheral	 neuropathy.	 ICVM	 could	 potentially	 provide	 a	more	 refined,	 objective	 surrogate	 for	

detection	 of	 Oxaliplatin-related	 peripheral	 neuropathy.	 This	 would	 have	 major	 clinical	

implications	on	delivery	of	Oxaliplatin,	and	assessment	of	Oxaliplatin	patients.	

	

5.1.1	Aims	

1.	To	assess	corneal	nerve	microstructure,	using	in	vivo	confocal	microscopy	(IVCM),	and	corneal	

sensitivity	 threshold	 (CST)	 using	 the	 non-contact	 corneal	 aesthesiometer	 (NCCA),	 in	 patients	

undergoing	Oxaliplatin	chemotherapy.	

2.	To	assess	Oxaliplatin-induced	peripheral	neuropathy	and	determine	its	correlation	with	corneal	

nerve	microstructure	and	CST	at	different	stages	of	treatment.		

3.	To	determine	the	potential	use	of	IVCM	and	CST	as	non-invasive	markers	in	the	detection	and	

monitoring	of	Oxaliplatin-induced	peripheral	neuropathy.		

	

	

5.1.2	Hypotheses	

1.	Oxaliplatin	chemotherapy	causes	ocular	toxicity.	

2.	Oxaliplatin	ocular	toxicity	includes	changes	in	corneal	nerve	microstructure.	
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3.	IVCM	and	CST	can	be	used	to	measure	changes	in	corneal	nerve	microstructure	in	relation	to	

Oxaliplatin	toxicity.	

4.	 Changes	 in	 corneal	 nerve	 microstructure	 are	 representative	 of	 peripheral	 neuropathy	 in	

Oxaliplatin	toxicity.	

5.	 IVCM	 and	 CST	 measurement	 of	 corneal	 innervation	 may	 be	 used	 as	 a	 surrogate	 for	 the	

progression	of	Oxaliplatin	peripheral	neuropathy.	

	

5.2	Methods	

23	patients	undergoing	Oxaliplatin	chemotherapy	with	intravenous	5-FU	or	oral	capecitabine	for	

any	 gastro-intestinal	 cancer	 were	 recruited	 and	 underwent	 a	 detailed	 ocular	 examination	

including	corneal	and	retinal	evaluations	in	addition	to	peripheral	nervous	system	examination.	

Patients	undergoing	chemotherapy	with	 intravenous	5-FU	or	oral	capecitabine	alone	were	also	

recruited	and	underwent	the	same	ocular	assessment	as	the	oxaliplatin	patients.	All	patients	were	

recruited	by	a	senior	clinical	oncologist.		

	

The	 evaluation	 techniques	 described	 below	 were	 approved	 at	 a	 Multi-disciplinary	 meeting	

between	the	Ophthalmology	and	Oncology	departments	prior	to	commencement	of	the	study.	As	

the	 majority	 of	 assessment	 visits	 would	 occur	 while	 each	 participant	 was	 undergoing	

chemotherapy,	 special	 care	 was	 taken	 to	 select	 only	 tests	 that	 were	 considered	 absolutely	

necessary	 in	order	 to	minimise	harm	 to	each	participant	and	prevent	 fatigue	and	any	negative	

impacts	on	their	chemotherapy	treatment	regime.	Every	single	assessment	for	every	participant	

was	 conducted	by	Dr	Ellen	Tyler	 to	allow	 for	only	a	 single	operator	and	 to	avoid	exposing	 the	

participants	to	multiple	different	doctors	not	directly	involved	in	their	chemotherapy	treatment.		

Even	with	only	the	necessary	tests	included,	each	assessment	took	on	average	45	minutes	and	was	

most	 commonly	 conducted	 immediately	 prior	 to	 or	 after	 a	 chemotherapy	 session.	 These	

assessments	were	particularly	challenging	as	the	participant	population	was	particularly	unwell	
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and	 suffering	 side	 effects	 of	 Oxaliplatin	 chemotherapy.	 Every	 effort	 was	made	 to	 conduct	 the	

assessments	 at	 times	 suitable	 for	 each	 participant	 and	 minimising	 the	 time	 taken	 to	 prevent	

fatiguing	already	unwell	patients.		

	

Both	groups	of	recruited	patients	underwent	identical	assessment	at	baseline	and	at	each	of	the	

seven	 follow	up	assessments.	 In	addition,	 each	patient	underwent	a	nerve	 conduction	 study	at	

baseline	and	again	at	the	twenty	week	follow	up.	This	chapter	discusses	the	techniques	used	in	

detail.		

	

	

5.2.1	Evaluation	techniques	

	

Visual	acuity	

Visual	acuity	is	a	measure	of	“sharpness”	of	vision,	defined	as	a	participant’s	ability	to	discriminate	

two	contrast	points	in	space.	Visual	acuity	is	a	gross	measure	of	visual	function	and	is	the	most	

commonly	used	test.	Dutch	ophthalmologist	Herman	Snellen	was	the	first	person	to	standardise	

measurement	of	visual	acuity	 in	1862.	He	developed	the	“Snellen	Test”,	an	optotype	chart	with	

letters	of	different	sizes	based	on	the	principle	of	the	minimum	visual	angle,	the	smallest	angle	at	

which	 it	 is	 possible	 to	 determine	 that	 two	 points	 are	 separate.	 This	 chart	 is	 based	 on	 the	

assumption	that	a	normal	subject	with	normal	visual	acuity	can	resolve	an	optotype	of	five	minutes	

of	arc,	with	individual	components	of	the	optotype	resolvable	at	one	minute	of	arc.		

	

Using	the	Snellen	chart,	visual	acuity	is	recorded	as	a	fraction,	noting	the	size	of	the	letter	and	the	

testing	distance.	 In	 this	study,	a	standardised	 logMAR	chart	was	used.	Like	 the	Snellen	chart,	 it	

consists	of	optotypes,	but	visual	acuity	is	recorded	as	a	number	with	each	letter	carrying	a	value	of	

0.02.		
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In	the	current	study	assessment	room	illumination	was	controlled	using	a	dimmer.	This	ensured	

consistent	 illumination	between	all	participants	and	photopic	 conditions	 throughout	 the	 study.	

The	best	corrected	visual	acuity	of	each	eye	with	current	spectacle	correction	was	obtained.	Each	

eye	was	assessed	independently	with	the	other	eye	occluded.	The	same	technique	was	used	with	

a	pinhole	on	top	of	the	subject’s	distance	spectacle	correction	(where	worn)	to	confirm	optimum	

optical	correction.	The	logMAR	chart	used	was	calibrated	for	a	set	distance	of	six	meters	from	each	

patient	and	the	same	projector	chart	was	used	with	all	participants.		

	

Slit	lamp	biomicroscopy	

The	 external	 and	 anterior	 ocular	 structures	 were	 examined	 using	 a	 Topcon	 slit	 lamp	

biomicroscope	 (Topcon	 Medical	 Systems,	 NJ,	 USA).	 Both	 direct	 and	 indirect	 illumination	

techniques	were	used	in	the	assessment	of	specific	ocular	structures.		

	

The	slit	lamp	consists	of	an	observation	system	that	is	coupled	with	an	illumination	system	and	

results	 in	 a	 common	 focal	 plane.	 Direct	 illumination	 techniques	 used	 were	 diffuse	 and	 focal	

illumination	(optical	section,	parallelepiped,	conical	beam).	Diffuse	illumination	allowed	for	gross	

examination	of	external	ocular	structures.	Focal	illumination	exposed	transparent	and	translucent	

structures	including	the	corneal	layers,	tear	debris,	blood	vessels	and	corneal	scarring.	
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Indirect	 illumination	 techniques	 included	 retro-illumination,	 sclerotic	 scatter	 and	 specular	

reflection.	Retro-illumination	was	used	for	examination	of	pathology	such	as	corneal	oedema	or	

keratic	precipitates	that	scatter	light	and	therefore	are	observed	as	being	lighter	or	darker	than	

the	background.	Sclerotic	scatter	uses	the	principle	of	total	internal	reflection	and	corneal	opacities	

were	made	visible	 for	the	scattering	of	 light	which	appeared	bright	against	a	darkened	iris	and	

pupil.	 Specular	 reflection	 was	 used	 to	 illuminate	 the	 corneal	 endothelium	 and	 this	 required	

aligning	the	illuminating	and	observational	systems	using	the	model	of	equal	angle	of	incidence	

and	angle	of	reflection.		

	

Results	of	slit	lamp	biomicroscopy	were	clinically	recorded	as	a	drawing,	and	any	abnormalities	

noted.			

	

	

	

 

Observer’s	
eyepiece	

Magnification	

Illumination	column	

Chin	rest	for	
patient	

Figure	5.1:	A	slit	lamp	biomicroscope,	with	key	components	labelled.	
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Corneal	staining	

Slit	lamp	biomicroscopy	is	used	to	observe	the	ocular	surface	after	instillation	of	fluorescein	dye	

into	the	eye.	The	cobalt	blue	filter	on	the	slit	lamp	was	used	and	under	this	light,	areas	of	positive	

staining	glow	bright	green.	This	 is	 indicative	of	corneal	epithelial	changes.	Any	corneal	staining	

observed	during	assessment	was	recorded.		

	

Corneal	sensitivity	assessment	

Central	 corneal	 sensitivity	 (CST)	was	 evaluated	with	 the	 Non-Contact	 Corneal	 Aesthesiometer	

(NCAA,	Glasgow	Caledonian	University,	Glasgow,	UK).	The	NCCA	emits	a	0.9sec	 long,	controlled	

pulse	of	air	directed	towards	the	cornea	and	produces	a	localised	reduction	in	surface	temperature.			

	

The	 instrument	 does	 not	 directly	 touch	 the	 cornea,	 but	 the	 change	 in	 temperature	 in	 the	 pre-

corneal	tear	film	can	be	detected	by	the	corneal	nerves.	The	minimum	force	of	jet	of	air	required	

for	the	participant	to	detect	the	cooling	sensation	is	recorded	in	millibars	(mBAR).	This	technique	

has	been	validated	against	the	Cochet-Bonnet	Aesthesiometer	and	is	accurate	and	repeatable.		

	

In	this	study,	initially	the	stimulus	was	demonstrated	to	each	participant	with	a	supra-threshold	

pressure.	Following	this	CST	was	assessed	using	a	forced-choice	double-staircase	method.	The	test	

was	repeated	three	times	and	the	average	force	needed	was	calculated.		
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Ishihara	colour	plates	

Assessment	of	colour	vision	deficiency	is	performed	with	Ishihara	test	plates.	This	is	a	standard	

part	of	an	ocular	examination	and	has	been	used	for	decades,	providing	clinicians	with	a	quick	test	

for	 colour	 vision	 perception.	 Each	 participant	 is	 shown	 twenty	 four	 plates	 in	 total,	 including	

transformation,	vanishing,	hidden-digit	and	diagnostic	plates.	The	participant	is	asked	to	identify	

Figure	5.2:	The	non-contact	corneal	aesthesiometer	in	use,	the	top	photo	shows	its	slit	

lamp	attachment,	the	bottom	left	shows	the	head	that	produces	the	air	jet,	the	middle	

bottom	shows	the	machine	display	and	the	bottom	right	shows	the	head	in	position.		
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numbers	 in	 each	 plate	 and	 a	 total	 score	 out	 of	 twenty	 four	 is	 given.	 Those	with	 colour	 vision	

deficiency	may	find	some	of	the	numbers	difficult	to	recognise	or	invisible.		

	

Colour	vision	assessment	is	a	reflection	of	optic	nerve	function	and	deficiencies	can	indicate	the	

presence	of	an	optic	neuropathy.		

	

Relative	Afferent	Pupillary	Defects	

Relative	afferent	pupillary	defects	(RAPD)	have	been	historically	associated	with	optic	neuropathy	

from	a	variety	of	causes	including	optic	neuritis	and	advanced	glaucoma.	When	light	is	shone	in	an	

eye,	the	normal	response	of	the	pupil	is	to	constrict.	Pupil	responses	are	checked	individually	and	

then	alternately	in	the	swinging	light	test	to	detect	RAPD.	Abnormal	pupillary	responses	indicate	

a	potential	optic	neuropathy.	

	

In	vivo	confocal	microscopy	

Quantitative	evaluation	of	corneal	nerve	microstructure	was	assessed	non-invasively	using	in	vivo	

confocal	microscopy.	In	this	study	laser	scanning	in	vivo	confocal	microscopy	(LSCM)	was	used.		In	

LSCM	a	670nm	diode	laser	beam	is	focussed	on	the	cornea	and	periodically	deflected	by	oscillating	

mirrors	to	allow	sequential	scanning	and	the	reflected	light	is	measured	by	a	light	detector.	Light	

scattered	outside	 the	 focal	plane	 is	 suppressed.	The	mechanism	of	 this	method	 is	described	 in	

greater	detail	earlier	in	this	thesis	(Chapter	one).		

	

The	central	cornea	of	one	eye	of	each	patient	was	be	examined	with	laser	scanning	in	vivo	confocal	

microscopy	in	accordance	with	well-established	protocol.39,	53	The	decision	was	made	to	scan	only	

the	 central	 cornea	 of	 each	 patient	 at	 the	 Multidisciplinary	 level	 as	 previous	 studies	 have	

established	 clear	 symmetry	 between	 the	 corneal	 nerve	 densities	 of	 patients	 with	 systemic	

conditions,	and	so	only	one	eye	needed	to	be	scanned	to	minimise	study	length	for	the	patients.	39,	
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53	 The	 cornea	 was	 anaesthetised	 with	 one	 drop	 of	 0.4%	 benoxinate	 hydrochloride	 (Chauvin	

Pharmaceuticals	 Ltd.,	 UK)	 to	 each	 eye.	 A	 drop	 of	 Viscotears	 liquid	 gel	 (ViscotearsCarbomer,	

Novartis	Pharmaceuticals	Ltd.,	UK)	was	placed	on	the	lens	objective,	taking	care	to	avoid	bubbles,	

to	serve	as	a	contact	substance,	a	disposable	Tomocap	is	then	mounted	over	the	objective	lens	of	

the	confocal	microscope,	over	this	pea-side	drop	of	Viscotears	liquid	gel.		

	

Participants	were	asked	to	 fixate	on	a	 target	with	the	contralateral	eye	and	following	adequate	

centration,	 examination	 was	 performed	 with	 a	 40x	 non-applanating	 immersion	 lens.	 The	 full	

thickness	of	the	cornea	from	epithelium	to	endothelium	was	scanned	with	particular	attention	paid	

to	the	sub	basal	nerve	plexus.		This	was	achieved	by	adjusting	the	appropriate	focussing	knob	to	

modify	the	focal	plane.	The	confocal	examination	typically	lasted	approximately	two	minutes.	A	

large	 number	 of	 images	 were	 obtained	 at	 each	 assessment	 for	 calculation	 of	 sub	 basal	 nerve	

density.		

	

These	 captured	 images	 represent	 two-dimensional	 optical	 sections	 through	 the	 cornea	 at	 the	

location	of	the	focal	plane.	Each	image	is	400x400µm	in	size	with	a	lateral	resolution	of	2µm	and	

optical	section	thickness	of	4µm.		These	images	were	individually	evaluated	to	calculate	the	density	

of	 the	 sub	 basal	 nerve	 plexus.	 Visible	 nerves	 were	 traced	 with	 an	 electronic	 pen	 (Wacom	

Technology	Group,	Vancouver,	BC,	Canada)	and	the	length	of	the	traced	nerves	was	measured	with	

a	digital	calliper	tool	(analysis	3.1,	Soft	Imaging	System,	Münster,	Germany).		

	

All	 images	were	 collected	and	all	 follow	up	visits	were	 completed	before	any	analysis	of	 IVCM	

images	were	started.	 Images	were	sent	to	an	 independent	observer,	and	randomised	through	a	

computer	 based	 random	 number	 generator.	 The	 randomised	 and	 anonymised	 images	 were	

subsequently	sent	to	the	primary	investigator,	and	traced	as	described	above.	The	results	were	

unmasked	once	all	image	tracing	was	complete.	
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Optical	Coherence	Tomography	

Optical	Coherence	Tomography	 (OCT)	 is	a	 standard	non-invasive	assessment	of	 the	 retina	 that	

uses	confocal	scanning	laser	ophthalmoscopy	to	capture	high	resolution,	cross-sectional	images.	

An	eye	tracking	device	is	used	to	correct	eye	movement	during	the	scanning	process	allowing	the	

evaluation	 of	 retinal	 morphology	 and	 assessment	 of	 any	 structural	 changes	 within	 the	 retina.	

Importantly,	the	test	does	not	require	any	response	from	the	subject	and	the	instrument	software	

automatically	produces	an	analysis	report	at	the	end	of	each	scan. This	was	conducted	at	each	visit	

to	detect	any	morphological	changes	at	the	macula	that	may	account	for	any	changes	in	vision	that	

have	previously	been	noted	in	case	reports.	

	

	

Examination	of	the	peripheral	nervous	system		

All	 patients	 underwent	 a	 neurological	 assessment	 that	 involved	A)	 a	 symptoms	 of	 neuropathy	

questionnaire	-	the	Total	Neuropathy	Score	(TNS)	and	B)	a	peripheral	nervous	system	assessment	

including	 biothesiometry.	 The	 Total	 Neuropathy	 Score	 involves	 a	 brief	 questionnaire	 that	

evaluates	and	grades	the	severity	of	sensory	symptoms	such	as	numbness,	pain	and	sensitivity	in	

the	extremities.		
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This	questionnaire	was	followed	by	a	clinical	examination	of	the	peripheral	nerves.	The	vibration	

threshold	of	the	nerves	of	the	feet	was	be	established	using	a	bioesthesiometer.	The	sensation	is	

first	demonstrated	to	the	participant	with	at	the	strongest	vibration	setting	at	a	point	where	there	

are	no	symptoms	of	neuropathy	then	each	patient	is	required	to	inform	the	examiner	when	they	

are	aware	of	any	sensation	using	the	double	staircase	method.	The	procedure	is	not	uncomfortable	

and	takes	no	longer	than	2	minutes.		

	

Ankle	 and	 knee	 reflexes	 and	 big	 toe	 proprioception	 was	 tested	 as	 well	 as	 the	 ten	 gram	

monofilament	 test.	 These	 tests	 are	 a	 standard	 part	 of	 a	 peripheral	 nerve	 examination.	 While	

intraepidermal	skin	biopsy	remains	the	gold	standard	for	diagnosis	of	peripheral	neuropathy,	this	

Questionnaire 

Please answer the following questions about your symptoms. If your symptoms fluctuate in severity 
please score them at their WORST in the last 6 weeks.  

Please score the RIGHT side unless your symptoms are much worse on the left.  

Which side have you scored RIGHT/LEFT 

1. How much numbness (loss of feeling), tingling (“gone to sleep” feeling), or burning pain do 
you experience on a regular basis?  

a. None 
b. In your fingers/toes only 
c. Finger and/or toes and extending up to wrist or ankle 
d. Symptoms extending from fingers/toes up to knee or elbow 
e. Symptoms above elbows/knees 

2. How much muscle weakness (decreased strength) do you experience in your arms or legs? 
a. None 
b. Causes slight difficulty 
c. Causes moderate difficulty but you can still manage most activities yourself 
d. You require some help or assistance for some routine activities 
e. You have some muscles with paralysis (complete loss of movement) 

3. Have you experienced ON MORE THAN ONE OCCASION in the past few months the following 
symptoms (circle all that apply) 

a. Urinary incontinence (involuntary leakage of urine) 
b. Diarrhoea that wakes you from sleep and is not due to food poisoning 
c. Unusual sweating soon after a meal (within 30 minutes) 
d. Vomiting soon after a meal (within 30 minutes) 
e. Fainting or severe dizziness soon after standing up 

Figure	5.3:	The	questionnaire	in	the	Total	Neuropathy	Score,	questions	are	designed	to	

grade	the	severity	of	sensory	and	autonomic	symptoms.			
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was	deemed	too	invasive	a	procedure	at	the	Multidiscplinary	level	and	so	was	not	included	in	this	

study.		

	

Nerve	conduction	study	

All	patients	underwent	a	nerve	conduction	study	(NCS)	at	baseline	and	at	the	20	week	follow	up.	

All	 patients	were	 consented	 for	 this	 procedure	 (consent	 form	 in	Appendix	 II)	 by	 the	 principle	

investigator,	Dr	Ellen	Tyler.	This	is	a	measurement	of	sural	and	peroneal	conduction	velocity	and	

amplitude	 and	 carries	 no	 risk	 of	 harm.212	 The	 study	 determines	myelinated	 nerve	 function	 by	

preferentially	 assessing	 the	 fastest	 conducting	 subset	 of	 the	 alpha	 motor	 axon	 population.	 A	

reduction	in	conduction	velocity	is	indicative	of	neuropathy.		

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

Figure	 5.4:	 Below	 is	 a	 summary	 of	 the	 total	 neuropathy	 score,	 including	 nerve	

conduction	studies.		
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5.3	Results	

5.3.1	Patient	demographics		

At	the	conclusion	of	the	study,	23	patients	had	been	recruited	over	a	12	month	recruitment	period.	

Figure	 five	 shows	 the	 recruitment	 process	 and	 the	 number	 of	 patients	 eligible	 and	 excluded.	

Recruitment	was	undertaken	by	a	senior	clinical	Oncologist	at	the	weekly	new	patient	clinics,	every	

one	of	which	was	attended	by	Dr	Ellen	Tyler.	Every	eligible	patient	was	introduced	to	the	study	by	

an	Oncologist,	and	those	who	expressed	interest	in	taking	part	where	then	introduced	to	Dr	Ellen	

Tyler	 for	 further	 information.	 All	 eligible	 patients	 received	 a	 participant	 information	 sheet,	 in	

hopes	 that	 there	 may	 be	 a	 number	 of	 patients	 who	 decline	 at	 the	 outset	 who	 may	 become	

interested	 later.	 A	 large	 number	 of	 patients	 declined	 to	 participate	 and	 hence	 the	 initial	

recruitment	period	proposed	of	6	months	was	extended	to	12	months.	

	

 

Figure	5.5:	Flow	diagram	outlining	the	recruitment	process	of	the	COCO	study	

	

465 new patients 
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Oncology team during 
recruitment sessions

228 patients with 
colorectal cancer

84 patients excluded 
due to diabetes

14 patients chose to 
have no chemotherapy

130 patients eligible 
for study

117 treated with 
Oxaliplatin 

23 patients recruited 
to current study
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Of	the	23	patients,	10	patients	completed	the	12	month	follow	up	period.	Patient	demographics	are	

summarised	in	the	following	table,	with	a	more	detailed	demographics	table	to	follow.		

Patient	demographics	

Age	in	years	(mean	±	SD)	 61.09±11.03	

Gender	(Male:Female)	 15:8	

Ethnicity	 2	Chinese:	1	Fiji-Indian:	1	Maori:	19	Caucasian		

	

Table	 5.1:	 Summary	 of	 COCO	 patient	 demographics,	 showing	 a	 mean	 age	 of	 61	 and	 a	 male	

predominance.	

 

Figure	5.6:	Bland-Altman	plot	of	inter-rater	reliability	showing	high	inter-rater	reliability	with	a	

Kendall’s	coefficient	W=0.94	(very	high	levels	of	agreement).	
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Prior	to	analysis	of	any	corneal	nerve	fibre	density	data,	reliability	testing	was	done	between	the	

principle	 investigator,	ET	 (who	would	do	all	 the	data	 tracing	 for	 the	COCO	study)	and	another	

experienced	investigator,	DVP,	who	has	many	years	of	experience	in	corneal	nerve	density	studies.	

Kendall’s	coefficient	W	(inter-rater	reliability	over	continuous	measurements)	=	0.94	agreement	

over	 8	 patients	 over	 16	 data	 points.	 This	 shows	 there	was	 high	 inter-rater	 reliability,	 thereby	

showing	that	corneal	nerve	density	analysis	of	the	COCO	study,	particularly	of	images	taken	earlier	

in	the	study,	would	not	be	hindered	by	an	inexperienced	analyser.		

	

Corneal	 nerve	 density	 was	 measured	 at	 the	 baseline	 visit,	 prior	 to	 commencement	 of	

chemotherapy,	and	again	at	every	subsequent	visit,	described	in	further	detail	below.		

	

Optical	coherence	tomography	(OCT)	was	performed	on	the	fundi	of	each	patient	at	each	follow	up	

visit.	The	specific	OCT	scan	used	was	a	9-bar	cross	of	the	macula,	to	assess	for	potential	Oxaliplatin	

maculopathy.	 Although	 Oxaliplatin	 maculopathy	 has	 not	 been	 described	 before,	 many	 other	

systemic	medications	are	known	to	cause	maculopathy	such	as	hydroxychloroquine	and	isoniazid.	

No	macular	abnormalities	was	documented	at	any	of	the	baseline	OCT	scans	and	no	change	in	OCT	

appearances	was	seen	in	any	patient	during	the	course	of	this	study.	In	this	limited	study	group	

Oxaliplatin	chemotherapy	did	not	appear	to	cause	any	maculopathy.		

	

No	patient	was	found	to	have	an	RAPD	at	any	of	the	assessments,	and	no	patient	had	a	decrease	in	

their	 colour	 vision	 as	 assessed	 by	 Ishihara	 colour	 plates.	 Therefore	 no	 clinical	 evidence	 of	

Oxaliplatin	causing	an	optic	neuropathy	was	identified	in	this	study.		

	

The	peripheral	nervous	system	exam,	 including	bioesthesiometry,	was	used	as	part	of	 the	total	

neuropathy	score.	Unfortunately	only	8	patients	out	of	all	recruited	also	consented	to	taking	part	

in	a	nerve	conduction	study.	All	these	patients	had	normal	nerve	conduction	at	the	baseline	visit,	
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and	the	results	from	their	nerve	conduction	studies	were	added	to	their	total	neuropathy	scores	in	

the	20	week	analysis.	These	results	including	the	additional	nerve	conduction	score	was	reported	

as	a	subgroup	analysis	in	the	20	week	follow	up	section	(vide	infra).		

	

Correlations	 with	 peripheral	 neuropathy	 are	 reported	 as	 a	 total	 neuropathy	 score,	 and	 as	 a	

symptom	score.	All	total	neuropathy	scores,	with	the	exception	of	the	20	week	subgroup	analysis	

are	presented	without	nerve	conduction	testing.		

	

Analysis	of	correlations	in	this	study	were	broken	down	into	the	first	20	weeks	of	the	study,	for	the	

duration	of	time	when	patients	were	undergoing	Oxaliplatin	chemotherapy	cycles	and	then	from	

20	weeks	to	1	year.		

	

Statistical	advice	was	sought	prior	to	commencement	of	the	study	from	a	biostatistician	provided	

by	the	University	of	Auckland	Statistics	department,	and	again	at	several	time	points	during	the	

statistical	 analysis.	 Analysis	 for	 correlations	 between	 the	 collected	 data	 was	 performed	 using	

Spearman’s	correlation	and	the	results	are	presented	in	the	following	sections.	The	decision	was	

made	to	attempt	to	correlate	corneal	nerve	density	with	a	variety	of	factors	in	order	to	maximise	

the	chance	of	detecting	any	clinically	relevant	associations	as	all	previous	studies	were	small	and	

inconclusive	on	many	associations.	Interestingly,	no	definitive	correlation	was	found	between	any	

of	the	above	factors.		
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5.3.2	Baseline	pre-chemotherapy	assessment	

 

Figure	 5.7:	 Scatterplot	 of	 corneal	 nerve	 fibre	 density	 of	 participants	 at	 baseline	 assessment	

showing	the	spread	of	corneal	nerve	density	at	baseline.	Note	a	group	of	patients	with	a	baseline	

density	below	15mm/mm2	

	

The	 above	 figure	 shows	 the	 baseline	 corneal	 never	 densities	 for	 the	 participants,	 prior	 to	

commencement	of	their	chemotherapy.		There	is	a	group	of	participants	with	lower	than	expected	

readings	of	corneal	nerve	density	at	baseline.		The	figure	below	shows	the	patient	demographics	

at	 the	 baseline	 assessment,	with	 their	 chemotherapy	 intent,	 histological	 diagnosis	 and	 tumour	

staging	at	time	of	diagnosis.		



90 
 

	

	

	

Patient 
name 

Age Gender Ethnicity Curative/ 
Palliative 

Regime Adenocarcinoma 
Location 

Tumour grade 
at diagnosis 

Patient 1 65 M Caucasian Curative FOLFOX Rectal  pT4a N2 M1b 
Patient 2 55 M Caucasian Palliative FOLFOX Colon  pT4a N1a M1b 
Patient 3 68 M Caucasian Curative FOLFOX Sigmoid pT2 N1b M0 
Patient 4 70 M Caucasian Curative FOLFOX Sigmoid  pT4a N2 M0 
Patient 5 61 F Fiji-Indian Curative FOLFOX Sigmoid  T4a N2b M0 
Patient 6 71 F Caucasian Curative FOLFOX Sigmoid  T2 N1 M0 
Patient 7 68 M Caucasian Curative FOLFOX Sigmoid  T1 N1c M0 
Patient 8 65 M Caucasian Curative FOLFOX Sigmoid pT3 N2 M0 
Patient 9 44 F Caucasian Curative FOLFOX Sigmoid pT4a N2a M0 

Patient 10 78 M Caucasian Curative FOLFOX Upper rectal pT4a N2a M0 
Patient 11 67 M Caucasian Curative FOLFOX Sigmoid  pT3 N1a M0 
Patient 12 64 M Caucasian Curative FOLFOX Caecal pT4a N2a M1 
Patient 13 55 F Caucasian Palliative FOLFOX Sigmoid  T3 N1c M1 
Patient 14 67 M Maori Curative FOLFOX Sigmoid  T3 N1b M0 
Patient 15 78 M Chinese Palliative FOLFOX Caecal pT3 N0 M1 
Patient 16 48 M Caucasian Curative FOLFOX Sigmoid pT4a N1b M0 
Patient 17 71 F Caucasian Curative FOLFOX Caecal pT4b N1c M0 
Patient 18 76 M Caucasian Curative FOLFOX Sigmoid pT2 N1 M0 
Patient 19 57 F Caucasian Curative FOLFOX Rectal  pT2 N1 M0 
Patient 20 48 M Caucasian Curative FOLFOX Sigmoid T2 N0 Mo 
Patient 21 53 M Caucasian Curative FOLFOX Sigmoid pT4a N1c M0 
Patient 22 48 F Chinese Curative FOLFOX Sigmoid T3 N0 M0 
Patient 23 40 F Caucasian Curative FOLFOX  Sigmoid T4a N1a M0 

Table	5.2:	showing	COCO	demographics,	including	histology	and	tumour	staging	using	the	

TMN	staging	criteria	
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5.3.3	6	week	assessment	–	17	patients	

	

 

Figure	 5.8b:	 Spearman	 correlation	 between	 corneal	 nerve	 fibre	 density	 and	 corneal	

sensitivity	threshold	at	6	weeks.	No	correlation	is	found.		

	

	

	

Figure	5.8a:	Scatterplot	of	Corneal	Nerve	Fibre	Density	in	mm/mm2	by	corneal	

sensitivity	threshold	in	millibars	for	the	6	week	assessment.	No	correlation	is	shown.		
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Figure	5.9b:	Spearman	correlation	between	corneal	nerve	fibre	density	and	cumulative	

dose	of	Oxaliplatin	at	6	weeks.	No	correlation	is	found.	

	

	

	

Figure	5.9a:	Scatterplot	of	Corneal	Nerve	Fibre	Density	in	mm/mm2	by	cumulative	dose	

of	Oxaliplatin	in	mg/mm2	for	the	6	week	assessment.	No	correlation	is	shown.	
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Figure	 5.10a:	 Scatterplot	 of	 Corneal	 Nerve	 Fibre	 Density	 in	 mm/mm2	 by	 Total	

Neuropathy	 Score	 (without	 nerve	 conduction	 testing)	 for	 the	 6	week	 assessment.	 No	

correlation	is	shown.		

 

Figure	 5.10b:	 Spearman	 correlation	 between	 corneal	 nerve	 fibre	 density	 and	 Total	

Neuropathy	Score	(without	nerve	conduction	testing)	at	6	weeks.	No	correlation	is	found.	
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5.3.4	12	week	assessment	–	18	patients	

	

 

Figure	 5.11b:	 Spearman	 correlation	 between	 corneal	 nerve	 fibre	 density	 and	 corneal	

sensitivity	threshold	at	12	weeks.	No	correlation	is	found.	

	

	

Figure	5.11a:	Scatterplot	of	Corneal	Nerve	Fibre	Density	in	mm/mm2	by	corneal	

sensitivity	threshold	in	millibars	for	the	12	week	assessment.	No	correlation	is	shown.	
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Figure	5.12b:	Spearman	correlation	between	corneal	nerve	fibre	density	and	cumulative	

dose	of	Oxaliplatin	at	12	weeks.	No	correlation	is	found.	

	

Figure	5.12a:	Scatterplot	of	Corneal	Nerve	Fibre	Density	in	mm/mm2	by	cumulative	

dose	of	Oxaliplatin	in	mg/mm2	for	the	12	week	assessment.	No	correlation	is	shown.	
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Figure	 5.13b:	 Spearman	 correlation	 between	 corneal	 nerve	 fibre	 density	 and	 Total	

Neuropathy	 Score	 (without	 nerve	 conduction	 testing)	 at	 12	 weeks.	 No	 correlation	 is	

found.	

	

 

	

Figure	5.13a:	Scatterplot	of	Corneal	Nerve	Fibre	Density	in	mm/mm2	by	Total	

Neuropathy	Score	(without	nerve	conduction	testing)	for	the	12	week	assessment.	No	

correlation	is	shown.	
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5.3.5	20	week	assessment	–	17	patients	

	

	

 

Figure	 5.14b:	 Spearman	 correlation	 between	 corneal	 nerve	 fibre	 density	 and	 corneal	

sensitivity	threshold	at	20	weeks.	No	correlation	is	found.	

Figure	5.14a:	Scatterplot	of	Corneal	Nerve	Fibre	Density	in	mm/mm2	by	corneal	

sensitivity	threshold	in	millibars	for	the	20	week	assessment.	No	correlation	is	shown.		
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Figure	5.15b:	Spearman	correlation	between	corneal	nerve	fibre	density	and	cumulative	

dose	of	Oxaliplatin	at	20	weeks.	No	correlation	is	found.	

	

Figure	5.15a:	Scatterplot	of	Corneal	Nerve	Fibre	Density	in	mm/mm2	by	cumulative	

dose	of	Oxaliplatin	in	mg/mm2	for	the	20	week	assessment.	No	correlation	is	shown.	
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Figure	 5.16a:	 Scatterplot	 of	 Corneal	 Nerve	 Fibre	 Density	 in	 mm/mm2	 by	 Total	

Neuropathy	Score	(without	nerve	conduction	testing)	 for	 the	20	week	assessment.	No	

correlation	is	shown.		

 

 

Figure	 5.16b:	 Spearman	 correlation	 between	 corneal	 nerve	 fibre	 density	 and	 Total	

Neuropathy	 Score	 (without	 nerve	 conduction	 testing)	 at	 20	 weeks.	 No	 correlation	 is	

found.	
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20	week	correlations	with	nerve	conduction	studies	included	

	

 

Figure	 5.17b:	 Spearman	 correlation	 between	 corneal	 nerve	 fibre	 density	 and	 Total	

Neuropathy	 Score	 (nerve	 conduction	 testing	 patient	 data	 only)	 at	 20	 weeks.	 No	

correlation	is	found.	

Corneal Nerve Fibre Density vs. Total Neuropathy Score at 20 weeks 
(including nerve conduction studies) 

Figure	5.17a:	Scatterplot	of	Corneal	Nerve	Fibre	Density	in	mm/mm2	by	Total	

Neuropathy	Score	(nerve	conduction	testing	patient	data	only)	for	the	20	week	

assessment.	No	correlation	is	shown.		
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5.3.6	36	week	assessment	

Due	to	the	low	numbers	of	patients	who	attended	the	36	week	follow	up	assessment,	this	

was	not	assessed	on	its	own.	36	week	data	is	still	included	in	overall	corneal	nerve	density	

ANOVA	analysis.	

Only	4	patients	attended	this	follow	up,	most	citing	being	overseas	or	on	holiday	after	

completing	chemotherapy	as	their	reason	for	being	unable	to	attend.		

	

5.3.7	52	week	assessment	

 

Corneal Nerve Fibre Density vs. Corneal Sensitivity Threshold at 52 weeks 

Figure	5.18a:	Scatterplot	of	Corneal	Nerve	Fibre	Density	in	mm/mm2	by	corneal	

sensitivity	threshold	in	millibars	for	the	52	week	assessment.	No	correlation	is	shown.		
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Corneal Nerve Fibre Density vs. Cumulative dose of Oxaliplatin at 52 weeks 

Figure	5.19a:	Scatterplot	of	Corneal	Nerve	Fibre	Density	in	mm/mm2	by	cumulative	

dose	of	Oxaliplatin	in	mg/mm2	for	the	52	week	assessment.	No	correlation	is	shown.	

Figure	5.18b:	Spearman	correlation	between	corneal	nerve	fibre	density	and	corneal	

sensitivity	threshold	at	6	weeks.	No	correlation	is	found.	
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Corneal Nerve Fibre Density vs. Total Neuropathy Score at 52 weeks 

Figure	5.20a:	Scatterplot	of	Corneal	Nerve	Fibre	Density	in	mm/mm2	by	Total	

Neuropathy	Score	(without	nerve	conduction	testing)	for	the	52	week	assessment.	No	

correlation	is	shown.	

Figure	5.19b:	Spearman	correlation	between	corneal	nerve	fibre	density	and	cumulative	

dose	of	Oxaliplatin	at	52	weeks.	No	correlation	is	found.	
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5.3.8	Analysis	of	Variance	(ANOVA)	
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Box and Whisker Plot of Change in Corneal Nerve Fibre Density vs. Time 

Figure	 5.20b:	 Spearman	 correlation	 between	 corneal	 nerve	 fibre	 density	 and	 Total	

Neuropathy	 Score	 (without	 nerve	 conduction	 testing)	 at	 52	 weeks.	 No	 correlation	 is	

found.	

 

Figure	5.	21:	Box	and	whisker	plot	of	change	in	corneal	nerve	fibre	density	over	time.	

Whiskers	represent	95%	confidence	intervals.	
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Both	the	box	and	whisker	plot	and	the	ANOVA	graph	above	concur	that	the	COCO	study	

did	not	show	any	significant	trend	in	change	in	corneal	nerve	density	over	the	course	of	

the	study.	No	cause	for	the	outliers	could	be	identified	in	data	analysis.	This	included	the	

20	week	course	of	chemotherapy	and	the	follow	up	of	a	year	to	capture	any	change	after	

cessation	of	treatment.		

	

The	following	table	summarises	the	corneal	nerve	density	of	each	patient	at	each	follow	

up	assessment,	as	well	as	the	final	patient	outcome	at	the	completion	of	the	follow	up	

time	frame.	This	includes	reasons	for	drop	out	from	the	study	and	also	those	lost	to	follow	

up.		

Figure	5.	22:	ANOVA	repeated	measures	analysis	of	mean	corneal	nerve	density	over	

time	include	number	of	cases	included	and	perhaps	comment	on	the	non-significant	but	

notable	decrease	at	12	weeks.		
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Baseline	
CND	

6	
weeks	
CND	

12	
weeks	
CND	

20	
weeks	
CND	

36	
weeks	
CND	

52	
weeks	
CND	

Patient	outcome	

Patient	1	 17.94	 11.98	 12.47	
	 	 	

Deceased	prior	to	20	
weeks	

Patient	2	 18.02	 20.62	 15.36	 19.84	
	 	

Disease	progression	at	20	
weeks	and	referred	to	
hospice	

Patient	3	 12.23	 12.18	 8.99	 14.06	 11.91	 12.01	 Completed	follow	up	
Patient	4	 6.53	 4.43	 6.61	 10.26	

	 	
Disease	progression	at	20	
weeks	Rx	2nd	line	
treatment.	Lost	to	follow	
up	

Patient	5	 15.95	 19.83	 16.59	 20.05	 24.91	 24.82	 Completed	follow	up	
Patient	6	 9.85	 5.82	 6.04	

	 	 	
Moved	overseas	and	
deceased		

Patient	7	 7.73	 14.49	 14.49	 15.41	 13.38	 13.38	 Completed	follow	up	
Patient	8	 26.19	 20.78	 14.16	 17.31	 21.1	 13.33	 Completed	follow	up	
Patient	9	 12.89	 12.96	 12.96	 14.61	

	
12.88	 Completed	follow	up	

Patient	10	 22.02	 17.82	 17.06	 14.82	 16.37	 16.37	 Completed	follow	up	
Patient	11	 28.66	 30.11	 30.11	

	 	 	
Had	a	stroke,	
chemotherapy	terminated	
and	too	unwell	to	attend	
clinics	

Patient	12	 20.19	
	

18.73	
	 	 	

Disease	progression	at	20	
weeks	and	Rx	2nd	line	
treatment.	Lost	to	follow	
up	

Patient	13	 24.67	 15.34	 9.13	 11.92	
	 	

Offered	resection	of	
metastases	at	20	weeks,		
no	response	to	contact	
thereafter	

Patient	14	 13.18	
	

11.68	
	 	 	

Too	unwell	to	attend		
Patient	15	 18.7	 17.52	 19.8	 17.28	

	
9.9	 Completed	follow	up	

Patient	16	 20.86	 23.96	 23.96	 22.17	
	 	

Lost	to	follow	up	after	
completion	of	Rx	

Patient	17	 11.27	 6.77	
	

5.99	
	 	

Lost	to	follow	up	after	
completion	of	Rx	

Patient	18	 9.74	
	

10.94	 8.99	 15.25	 17.3	 Completed	follow	up	
Patient	19	 16.63	 13.8	 20.28	 19.34	

	
20.34	 Completed	follow	up	

Patient	20	 11.16	 17.39	 15.64	 15.64	
	

16.39	 Completed	follow	up	
Patient	21	 8.89	 6.23	 13.28	 9.31	

	
7.29	 Completed	follow	up	

Patient	22	 11.21	 7.92	 7.92	 18.63	
	 	

Lost	to	follow	up	after	
completion	of	Rx	

Patient	23	 21.55	
	

18.1	 23.61	
	 	

Lost	to	follow	up	after	
completion	of	Rx	

Table	5.3:	The	corneal	nerve	density	of	each	patient	at	each	follow	up	assessment,	as	well	

as	the	final	patient	outcome	at	the	completion	of	the	follow	up	time	frame	and	reasons	for	

drop	out.	 
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5.4	Discussion	

The	results	of	this	prospective	COCO	study,	the	largest	study	in	the	topic	area	to	date,	provide	data	

that	contrast	with	previous	studies	investigating	Oxaliplatin	induced	peripheral	neuropathy	and	

corneal	nerve	density	and	Oxaliplatin	ocular	toxicity.		These	previous	studies	are	covered	in	detail	

in	Chapter	three	but	the	most	relevant	are	briefly	reviewed	here	to	better	contextualise	the	results	

of	the	current	study	

	

Oxaliplatin	 has	 been	 associated	 with	 several	 ocular	 side	 effects.	 Studies	 report	 a	 common	

occurrence	 of	 dry	 eye,	 epiphora,	 eye	 pain	 and	 ptosis,	 associated	 with	 the	 acute	 phase	 of	

neurotoxicity	and	rare	cases	of	reduced	visual	acuity,	optic	neuropathy,	visual	changes	and	visual	

loss.105,	111,	132	Patients	in	this	study	frequently	reported	the	occurrence	of	dry	eye	and	associated	

eye	discomfort,	however,	none	of	the	patients	experienced	any	visual	loss,	visual	changes	or	optic	

neuropathy	associated	with	Oxaliplatin.	Furthermore,	optic	nerve	function	testing,	visual	acuity	

and	OCT	scans	through	the	macula	remained	unchanged	throughout	the	follow	up	period.		

	

Recent	 case	 reports	observed	 significant	 corneal	 changes,	 as	 imaged	by	 IVCM,	 in	patients	with	

peripheral	sensory	neuropathy	caused	by	oxaliplatin	based	chemotherapy	treatment.112,	114	In	the	

largest	case	series	in	the	literature,	Campagnolo	et	al	recruited	fifteen	patients	receiving	oxaliplatin	

chemotherapy,	assessing	them	prior	to	commencement	of	chemotherapy,	after	four	cycles	in	those	

treatment	 for	 those	 patients	 undergoing	more	 than	 four	 cycles,	 and	 again	 after	 completion	 of	

chemotherapy.114	None	of	 the	patients	had	any	ocular	diseases,	nor	any	comorbidity	that	could	

cause	 neuropathy,	 such	 as	 diabetes.	 They	 were	 matched	 with	 sixteen	 healthy	 age-matched	

subjects.	Investigations	at	both	time	points	included	corneal	IVCM,	Total	Neuropathy	Score	(TNS),	

nerve	 conduction	 testing,	 optical	 coherence	 tomography	 (OCT),	 pupillometry	 and	

aesthesiometry.114	
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In	 contradistinction	 to	 the	 current	 study,	 out	 of	 the	 fifteen	 oxaliplatin	 treated	 patients	 in	 the	

Campagnolo	 et	 al	 study,	 ten	 had	 worsened	 TNS	 at	 the	 end	 of	 the	 and	 eight	 had	 signs	 of	

neuropathy.114	 IVCM	also	revealed	abnormalities	 in	 ten	patients,	 seven	of	whom	had	worsened	

TNS	 and	 abnormal	 neurophysiology,	 the	 remaining	 three	 had	 worsened	 TNS	and	 normal	

neurophysiology.	Of	 the	 five	patients	with	stable	TNS	scores,	 four	still	exhibited	 IVCM	changes.	

IVCM	 changes	 were	 found	 to	 be	 present	 after	 four	 cycles,	 and	 persisted	 until	 completion.114	

Interestingly,	two	of	the	four	patients	with	IVCM	changes	but	stable	TNS	scores	developed	clinical	

peripheral	 neuropathy	 several	 weeks	 after	 completing	 their	 final	 cycle	 of	 chemotherapy,	

suggesting	the	IVCM	has	potential	in	identifying	patients	who	are	likely	to	experience	the	coasting	

effect	of	oxaliplatin	neuropathy.114	This	case	series	highlighted	the	potential	role	IVCM	may	play	in	

oxaliplatin-induced	peripheral	neuropathy	and	how	it	may	be	used	to	identify	at	risk	patients	prior	

to	clinical	features	of	peripheral	neuropathy	being	evident.		

	

Mesquida	et	al.	reported	a	case	of	a	patient	undergoing	oxaliplatin	chemotherapy	that	developed	

bilateral	 concentric	 scotoma	and	 impairment	of	 the	 retinal	pigment	 epithelium.112	 This	patient	

recovered	 fully	 from	visual	 symptoms	8	months	 post	 cessation	 of	 treatment,	 however	 electro-

oculogram	remained	abnormal,	questioning	the	theory	that	oxaliplatin-induced	ocular	toxicities	

are	transient	in	nature.	The	authors	suggested	that	a	complete	ocular	examination	may	be	helpful	

in	unmasking	ocular	toxicity.112	

	

O’Dea,	Handy	and	Wexler	reported	four	cases	of	oxaliplatin	related	ocular	toxicity.137	Patient	one	

developed	bilateral	visual	loss	and	was	found	to	have	bilateral	papilloedema	and	optic	neuritis.137	

An	intense	work	up	including	MRI	and	a	lumbar	puncture	ruled	out	any	medical	causes,	and	the	

symptoms	 resolved	 after	 four	 months.	 Patient	 one	 was	 recommenced	 on	 oxaliplatin	 without	

further	 issues.	 Patient	 two	 and	 three	 experienced	 “tunnel”	 vision	 after	 standing	 up	 after	

completion	of	 their	oxaliplatin	 infusions.137	No	postural	hypotension	could	be	documented	and	
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symptoms	resolved	after	discontinuation	of	oxaliplatin.	Patient	four	experienced	visual	loss	with	

oxaliplatin	 that	 also	 resolved	 after	 discontinuation	 of	 treatment.137	 Unlike	 Patient	 one,	 full	

ophthalmic	 investigation	of	Patient	4	 failed	 to	 reveal	any	pathology.137	While	 IVCM	was	not	an	

investigation	that	was	included	in	this	case	series,	it	does	highlight	the	variability	of	ocular	effects	

that	oxaliplatin	can	induce.	It	also	highlights	the	need	for	further	research	into	the	ocular	toxicity	

of	oxaliplatin	to	add	to	the	small	knowledge	base	that	currently	exists.	

	

In	 comparison	with	 the	 foregoing	published	 literature	 the	 current	COCO	 study	has	 the	 longest	

follow	up	period	and	the	highest	number	of	participants.	Each	patient	was	also	seen	and	scanned	

by	the	same	investigator	at	each	follow	up	appointment	to	ensure	consistency.	Interestingly,	no	

statistically	 significant	 correlation	 was	 identified	 between	 cumulative	 dose	 of	 Oxaliplatin	 and	

corneal	nerve	density	or	between	Oxaliplatin	induced	peripheral	neuropathy	and	corneal	nerve	

density.	While	some	patients	showed	a	decrease	in	corneal	nerve	density,	this	was	not	consistent	

across	 the	whole	 population	 of	 patients,	 and	 the	 poor	 correlation	with	 the	 cumulative	 dose	 of	

oxaliplatin,	and	also	symptom	scoring	of	neuropathy,	suggests	that	IVCM	corneal	nerve	density	is	

currently	an	unreliable	method	of	predicting	oxaliplatin	induced	peripheral	neuropathy.		

	

As	previously	noted,	it	has	been	well	established	that	Oxaliplatin	induced	peripheral	neuropathy	

is	related	to	the	cumulative	dose	of	Oxaliplatin,	the	higher	the	cumulative	dose,	the	greater	the	risk	

of	 developing	 neuropathy.	 Unfortunately	 the	 only	 effective	 method	 of	 preventing	 Oxaliplatin	

induced	 peripheral	 neuropathy	 is	 to	 reduce	 the	 dose	 of	 Oxaliplatin	 delivered,	 or	 to	 terminate	

treatment.	The	lack	of	a	relationship	between	corneal	nerve	density	and	the	cumulative	dose	of	

Oxaliplatin	 identified	 in	 the	 current	 study	 also	 suggests	 that	 corneal	 nerve	 density	 is	 not	 an	

effective	biomarker	for	Oxaliplatin	neuropathy.		

	



110 
 

Interestingly,	at	baseline	there	was	a	group	of	patients	who	appeared	to	have	lower	corneal	nerve	

density	than	expected.	While	corneal	nerve	density	is	known	to	decrease	with	age,	the	average	age	

of	participants	 in	 this	 study	was	61.7	years	old.	Further	 subgroup	analysis	with	data	 split	 into	

patients	with	a	lower	corneal	nerve	density	at	baseline	(below	15mm/mm2	and	those	above	this	

number),	also	failed	to	show	any	significant	correlations.		

	

Paradoxically	we	 observed	 a	 group	 of	 participants	who	demonstrated	 an	 apparent	 increase	 in	

corneal	nerve	density	during	the	course	of	the	study.	This	has	not	been	observed	in	other	studies	

and	these	patients	were	not	found	to	have	lower	symptom	scoring.	There	is	no	explanation	for	why	

this	may	have	been	the	case	although	it	may	reflect	sampling	artefact	since	the	exact	same	area	of	

the	cornea	cannot	be	measured	at	each	time	point.		

	

None	of	the	participants	of	the	COCO	study	experienced	any	visual	 loss,	or	showed	any	signs	of	

optic	nerve	dysfunction,	as	described	in	previous	studies.114,	137,	153	Therefore	the	COCO	study	was	

not	able	to	shed	light	on	these	other	ocular	toxicities	or	offer	any	further	explanation	into	their	

pathophysiology.	It	would	appear	that	these	potential	ocular	toxicities	of	Oxaliplatin	are	rare,	and	

their	mechanism	remains	unknown.	The	evidence	base	remains	as	typically	isolated	reports	in	the	

literature.		

	

The	 COCO	 study	 faced	 several	 challenges	 during	 its	 course.	 A	 pilot	 observation	 period	 of	 new	

patient	oncology	referrals	for	colorectal	cancer	was	conducted	a	year	prior	to	commencement	of	

COCO	recruitment.	The	numbers	of	new	patients	observed	of	that	period	was	significantly	higher	

than	the	number	that	presented	during	COCO.	This	was	because	the	pilot	observation	period	was	

conducted	 during	 a	 district	 health	 board	 promotional	 period	 for	 community	 bowel	 cancer	

screening	 using	 the	 faecal	 occult	 blood	 test.213	 The	 Waitemata	 	 DHB	 Bowel	 Screening	 Pilot	

Programme	started	in	2012,	and	during	the	observation	period,	a	large	number	of	new	referrals	
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were	arriving	due	to	this	programme.213	Unfortunately,	in	study	terms,	these	numbers	decreased	

in	subsequent	years,	 likely	because	most	eligible	people	would	have	been	offered	the	screening	

programme	in	the	first	few	years	of	its	deployment.		

	

In	addition	to	lower	numbers	of	eligible	patients	presenting	to	the	new	patient	clinics,	an	atypically	

low	 uptake	was	 experienced	 in	 the	 recruitment	 period.	 Indeed,	 of	 the	 117	 potentially	 eligible	

patients,	 only	 23	 patients	 agreed	 to	 take	 part,	 whereas	 an	 additional	 four	 patients	 initially	

consented	to	the	study,	but	withdrew	their	consent	prior	to	the	baseline	examination	(n=27/117,	

23%).	 Several	 patients	 who	 did	 not	 consent	 to	 the	 study	 contacted	 the	 investigator	 following	

commencement	 of	 chemotherapy	 expressing	 interest	 but	 could	 not	 be	 included	 as	 no	 baseline	

could	be	established.	Of	the	23	patients	recruited,	only	nine	patients	(39%)	consented	to	additional	

nerve	conduction	testing.		

	

Overall	patients	expressed	extreme	anxiety	at	the	initial	recruitment	approach.	This	setting	was	

the	Oncology	New	Patient	clinic	and	while	most	patients	were	already	aware	of	their	diagnosis	of	

cancer,	 this	was	their	 first	meeting	with	an	oncologist.	This	was	also	the	appointment	at	which	

prognosis	 and	 treatment	 plans	 were	 frankly	 discussed.	 Understandably,	 this	 is	 an	 extremely	

emotional	time	for	the	patient	and	their	family	members,	and	a	lot	of	information	is	presented	in	a	

short	space	of	time.	Most	patients	who	declined	to	take	part	in	COCO	simply	stated	that	they	felt	

overwhelmed	with	information,	and	were	unable	to	commit	to	taking	part	in	research	while	their	

futures	were	so	uncertain.	Patients	were	concerned	about	how	sick	chemotherapy	would	make	

them	 feel,	 and	 if	 they	 would	 be	 physically	 or	 emotionally	 capable	 to	 considering	 research	

appointments	in	addition	to	their	treatment	sessions.	

	

Every	 effort	 was	made	 to	 make	 the	 ophthalmic	 and	 nerve	 conduction	 testing	 convenient	 and	

simple	as	possible	to	attend,	with	most	follow	ups	scheduled	to	be	concurrent	with	patient	visits	
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to	the	oncology	department,	and	with	nerve	conduction	studies	also	scheduled	on	the	same	day.	

Despite	this,	most	patients	were	not	in	an	emotional	state	to	even	begin	to	consider	an	external	

factor	 such	 as	 the	 COCO	 study.	 The	 diagnosis	 of	 colorectal	 cancer	 and	 commencement	 of	

chemotherapy	is	a	journey	that	usually	completely	disrupts	a	patient’s	life.	Arrangements	need	to	

be	made	with	work	or	childcare,	and	there	is	a	general	feeling	that	each	patient	wanted	to	get	their	

personal	affairs	in	order.		

	

The	general	feeling	of	shock,	fear	and	disarray	that	accompanies	this	diagnosis	is	what	led	to	some	

patients	withdrawing	consent	prior	 to	 their	baseline	eye	assessment.	Once	patients	had	settled	

into	their	new	regimen	of	treatment,	most	found	that	chemotherapy	was	not	as	strenuous	as	they	

had	imagined,	leading	to	several	patients	contacting	the	investigator,	now	feeling	that	they	would	

be	willing	 to	 take	part	 in	 research.	The	 social	 and	emotional	 side	of	 cancer	 and	 chemotherapy	

cannot	be	understated.	Several	COCO	patients	were	lost	to	follow	up	after	receiving	news	of	cancer	

progression.	Multiple	attempts	were	made	to	re-establish	contact,	right	up	to	the	conclusion	of	the	

study,	but	it	is	assumed	that	the	devastating	news	of	cancer	progression	(naturally)	leads	people	

to	prioritise	their	lives,	and	thus	cease	their	contact	with	COCO.		

	

Overall,	 the	 COCO	 study	 is	 the	 largest	 prospective	 study	 investigating	 the	 effect	 of	 Oxaliplatin	

chemotherapy	 on	 corneal	 nerve	 density	 and	 its	 potential	 correlation	with	 Oxaliplatin	 induced	

peripheral	neuropathy.	The	COCO	study	data	has	not	been	able	to	identify	any	definite	correlations	

between	dose	and	peripheral	neuropathy	or	with	corneal	innervation	as	a	potential	surrogate	for	

peripheral	neuropathy.	There	was	no	evidence	of	other	forms	of	Oxaliplatin	related	ocular	toxicity.	

At	this	stage,	it	cannot	be	suggested	that	corneal	nerve	density	is	a	reliable	surrogate	biomarker	

for	Oxaliplatin	neuropathy.		

	



113 
 

It	is	possible	that	subsequent	larger	studies	may	be	able	to	more	clearly	define	any	role	that	IVCM	

of	corneal	nerve	density	may	play	in	assessment	of	chemotherapy	induced	peripheral	neuropathy.		
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6.1	Introduction	and	Aims	
 
 
6.1.1	Introduction		
 
The	 relationship	 between	 corneal	 nerve	 density,	 both	 sub-basal	 and	 stromal,	 and	 peripheral	

neuropathies	 is	 being	 widely	 investigated	 in	 medical	 research.	 It	 has	 been	 postulated	 that	

decreases	 in	 corneal	 nerve	 density	 detected	 by	 IVCM	 could	 be	 potentially	 used	 as	 a	 surrogate	

marker	 for	 monitoring	 disease	 activity	 and	 treatment	 success.52,	 67,	 151,	 163,	 214,	 215	 Given	 the	

potentially	 wide	 application	 of	 IVCM	 to	 non-ophthalmic	 specialties,	 the	 ease	 with	 which	 non-

ophthalmic	 clinicians,	 technicians	 and	 support	 staff	 can	 utilise	 these	 images	 is	 important	 to	

investigate.		

	

There	is	no	published	literature	reporting	non-ophthalmic	clinicians	utilising	IVCM	images	in	their	

clinical	practice,	or	investigating	the	accuracy	with	which	they	can	interpret	the	images.	These	are	

pertinent	 issues	 to	 examine	 as	 they	 can	 be	 rate-limiting	 factors	 in	 integrating	 such	 novel	

techniques	 into	 routine	 clinical	 practice.	 If	 non-ophthalmic	 clinicians	 find	 the	 images	 easy	 and	

timely	to	interpret	and	integrate	into	routine	practice,	and	are	able	to	do	so	with	accuracy,	then	the	

relationship	between	corneal	sub-basal	nerve	(SBN)	density	and	systemic	diseases	needs	 to	be	

further	investigated	as	this	indicates	IVCM	images	could	play	a	role	in	clinical	decision	making.		

	

The	 relationship	 between	 corneal	 nerve	 density	 and	 systemic	 diseases,	 particularly	 diabetes	

mellitus,	has	been	well	established	in	the	literature,	as	discussed	in	detail	in	chapter	three	of	this	

thesis.138,	 140,	 153,	 159,	 216	 Corneal	 IVCM	 images	 could	 offer	 a	 non-invasive	 technique	 for	 disease	

diagnosis	 to	 clinicians	 and	 potentially	 play	 a	 role	 in	 monitoring	 of	 disease	 progression.	 It	 is	

therefore	important	to	investigate	the	ease	with	which	clinicians	and	health	practitioners,	who	are	

not	ophthalmic	consultants,	can	interpret	these	images.		
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6.1.2	Aims		
 
1.	To	educate	non-ophthalmic	clinicians	with	the	concept	of	IVCM	and	corneal	nerve	density.	

2.	To	determine	the	accuracy	and	ease	with	which	non-ophthalmic	clinicians	can	interpret	IVCM	

images	using	only	the	aid	of	a	reference	guide.	

3.	To	determine	 if	non-ophthalmic	 clinicians	 can	 identify	 images	with	decreased	 corneal	nerve	

density	without	the	aid	of	a	quantitative	density	value	attached.		

	

6.1.3	Hypotheses	
 
1.	The	concept	of	corneal	IVCM	images	and	corneal	nerve	density	can	be	easily	conveyed	to	non-

ophthalmic	clinicians.	

2.	IVCM	images	can	be	easily	interpreted	by	non-ophthalmic	clinicians	and	technicians	with	the	aid	

of	a	reference	guide.		

3.	Images	with	a	large	decrease	in	corneal	nerve	density	will	be	easy	to	identify	and	corneal	IVCM	

images	can	therefore	be	easily	incorporated	into	clinical	practice.		

	

6.2	Methods	
	

The	participants	recruited	 for	 this	study	 included	eight	clinical	gastrointestinal	oncologists,	 ten	

consultant	 endocrinologists	 and	eight	ophthalmology	nurse	practitioners	and	nurse	 specialists.	

Oncologists	 were	 selected	 to	 participate	 as	 this	 thesis	 investigates	 the	 effect	 of	 Oxaliplatin	

chemotherapy	 on	 corneal	 nerve	 density	 and	 the	 potential	 role	 this	 relationship	 could	 play	 in	

chemotherapy	regimen	tailoring	(Chapter	five).	Endocrinologists	were	selected	as	the	relationship	

between	diabetic	peripheral	neuropathy	and	corneal	nerve	density	is	well	established,	and	several	

groups	have	recognised	the	potential	for	corneal	nerve	density	to	be	implemented	as	a	surrogate	

marker	of	diabetic	peripheral	neuropathy.	Ophthalmology	nurses	and	nurse	practitioners	were	

selected	 to	 participate	 as	 they	 could	 potentially	 be	 the	 group	 of	 health	 practitioners	 aiding	 in	
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analysis	of	 the	 images.	None	of	 the	participants	had	any	prior	experience	 in	 interpreting	 IVCM	

images.	

	

An	educational	PowerPoint	slideshow	was	created	and	emailed	to	all	participants.	The	educational	

slideshow	 included	 a	 corneal	 nerve	 density	 reference	 guide	 at	 the	 end	 to	 aid	 in	 the	 clinicians’	

assessment	 of	 the	 images.	 All	 participants	were	 familiarised	with	 the	 concept	 of	 corneal	 IVCM	

Figure	 6.1:	 Educational	 slideshow	

presented	 to	 participants	 of	 the	 IVCM	

usability	 study,	 including	 the	 reference	

guide	used	by	the	participants	to	complete	

the	questionnaire.	



118 
 

through	 this	 slide	 show	 prior	 to	 administration	 of	 the	 questionnaire,	 and	 could	 refer	 to	 the	

reference	guide	during	the	questionnaire.		

	

The	slideshow	and	questionnaire	were	viewed	by	all	clinicians	on	Auckland	District	Health	Board	

standardised	Dell	computer	screens,	which	brightness	and	contrast	set	to	72	throughout	the	study.	

Participants	 were	 not	 given	 a	 time	 limit	 for	 viewing	 the	 slideshow.	 After	 viewing	 the	 above	

slideshow,	 the	 questionnaire	 was	 administered	 via	 a	 SurveyMonkey	 link.	 Participants	 were	

allowed	to	use	the	reference	guide	as	an	aid	in	completing	the	questionnaire.		

	

The	 questionnaire	 comprised	 of	 a	 series	 of	 ten	 specific	 questions	 with	 IVCM	 images	 from	 10	

different	 patients	 with	 varying	 sub-basal	 corneal	 nerve	 densities.	 The	 images	 used	 in	 this	

questionnaire	and	their	corresponding	density	values	were	chosen	from	a	pool	of	stock	 images	

with	known	corneal	nerve	densities	owned	by	the	Department	of	Ophthalmology	at	the	University	

of	Auckland.	Each	question	consisted	of	a	series	of	3	images	and	clinicians	were	instructed	to	select	

what	they	believed	to	be	the	most	appropriate	density	range	from	set	multiple	choices.	The	options	

available	 for	 the	 multiple	 choices	 were	 <5mm/mm2,	 5-10mm/mm2,	 10-15mm/mm2,	 15-

20mm/mm2,	>20mm/mm2.	Individual	answers	and	the	time	taken	to	complete	the	questionnaire	

was	recorded.		

	

After	completing	the	questionnaire,	clinicians	were	requested	for	feedback	on	the	ease	of	finishing		

the	questionnaire,	and	whether	it	would	be	convenient	to	incorporate	similar	image	analysis	into	

clinical	practice.		
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6.3	Results	
 
The	 response	 rate	 for	 this	 questionnaire	 was	 high.	 8	 out	 of	 8	 Oncologists,	 10	 out	 of	 10	

Endocrinologists	 and	 8	 out	 of	 12	 eligible	 ophthalmic	 nurse	 specialists	 and	 nurse	 practitioners	

completed	the	questionnaire.	The	4	non-responders	all	sought	out	the	investigator	independently	

to	report	that	they	felt	they	were	going	to	score	poorly	and	so	did	not	attempt	the	questionnaire.		

	

	The	following	table	below	shows	the	mean	scores	out	of	a	total	of	ten	and	time	taken	to	complete	

the	questionnaire	of	the	3	groups	of	participants.	The	mean/median	score	out	of	ten	for	oncologists	

was	7.1,	6	for	endocrinologists	and	6.25	for	ophthalmic	nurse	specialists	and	nurse	practitioners.	

The	score	out	of	ten	did	not	have	any	correlation	with	time	taken	to	complete	the	test.	

	

		 Oncologists	 Endocrinologists	 Nurse	 Specialists	

and	Practitioners		

Mean	time	taken	

(minutes)		

3:48	 2:08	 6:57	

Mean	score	(out	of	

10)	

7.1	 6.0	 6.25	

	

Table	6.1:	Table	showing	the	mean	values	for	the	time	taken	and	score	out	of	ten	for	the	IVCM	

questionnaire	of	all	three	groups	of	participants.	

	

The	feedback	obtained	from	clinicians	on	the	study	was	positive.	All	but	3	staff	reported	that	the	

images	were	far	easier	to	interpret	than	they	had	anticipated,	and	took	less	time	to	analyse	than	
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expected.	All	clinicians	responded	that	they	could	see	that	the	images	could	easily	be	incorporated	

into	their	clinical	practice,	especially	with	the	aid	of	the	reference	guide.		

	

The	 current	 study	 of	 26	 non-ophthalmic	 clinicians	 suggests	 that	 IVCM	 images	 are	 unreliably	

analysed	with	the	aid	of	a	brief	teaching	slideshow	comprising	of	4	PowerPoint	Presentation	slides	

and	a	reference	guide.	Most	oncologists	and	endocrinologists	completed	the	questionnaire	within	

3	minutes,	with	the	longest	taking	just	under	6	minutes	to	complete.	The	lowest	score	obtained	

was	4/10.		Interestingly,	the	results	for	ophthalmic	nurse	practitioners	and	specialists	were	quite	

different,	with	the	mean	time	to	completion	being	nearly	twice	as	long,	and	the	lowest	score	being	

0/10,	suggesting	this	group	make	the	least	reliable	readers.		

	

The	mean	 time	 taken	 to	 complete	 the	 questionnaire	was	 4	minutes	 and	 26	 seconds,	 with	 the	

average	 for	 oncologists	 being	 3	 minutes	 and	 48	 seconds,	 2	 minutes	 and	 8	 seconds	 for	

endocrinologists	and	6	minutes	and	57	seconds	for	ophthalmic	nurse	practitioners	and	specialists,	

with	a	p-value	of	0.19	between	groups.	Bearing	in	mind	that	this	was	the	average	time	taken	to	

assess	the	images	for	ten	patients,	the	time	needed	to	assess	the	images	for	one	patient	would	not	

add	any	significant	time	to	a	standard	medical	consultation.		

	

In	general,	as	a	group,	endocrinologists	completed	the	quiz	faster	than	oncologists,	in	almost	half	

the	 time.	A	possible	 reason	 for	 this	 is	 that	 the	 relationship	between	corneal	nerve	density	and	

diabetic	peripheral	neuropathy	have	been	well	established,	and	so	 these	physicians	were	more	

familiar	with	the	concept	of	IVCM	and	corneal	nerve	density.	All	oncologists	reported	a	 level	of	

anxiety	 when	 approaching	 the	 questionnaire	 since	 it	 was	 conducted	 during	 the	 COCO	 study	

(Corneal	nerve	microstructure	 changes	observed	by	 in	 vivo	 confocal	microscopy	 in	Oxaliplatin	

patients),	and	they	were	anxious	to	score	well,	which	might	account	for	the	increased	length	of	

time	they	took	to	complete	the	quiz.		
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Ophthalmic	 nurse	 practitioners	 and	 nurse	 specialists	 stood	 apart	 as	 a	 group	 and	 their	 results	

differed	significantly	from	the	others.	 	For	this	group,	time	taken	to	complete	the	questionnaire	

was	much	longer,	and	while	most	participants	scored	well,	the	lowest	score	of	0/10	belonged	to	

this	group.	This	participant	appears	 to	be	an	outlier,	 completing	 the	questionnaire	much	 faster	

than	any	others.	In	general,	this	group	were	less	forthcoming	with	feedback	on	the	questionnaire.	

A	 few	participants	 commented	 that	 they	 scored	 lower	 than	 they	had	 thought	 they	would.	This	

group	 of	 participants	 work	 with	 the	 investigator	 daily	 and	 have	 done	 for	 several	 years.	 It	 is	

therefore	 postulated	 that	 ophthalmic	 nurse	 practitioners	 and	 nurse	 specialists	 were	 under	

significantly	more	pressure	 to	 perform	well	 in	 the	 questionnaire,	 being	 reflected	 in	 the	 longer	

times	 taken	 and	 the	 hesitancy	 to	 provide	 feedback.	 This	 is	 also	 the	 only	 group	 in	which	 some	

declined	 to	participate,	while	not	aware	 that	 their	 scores	would	be	compared	 to	other	medical	

practitioners	and	that	the	scoring	was	anonymous,	there	was	a	certain	level	of	anxiety	experienced	

that	scoring	low	would	be	communicated	to	ophthalmologists	and	reflect	badly	upon	them	in	the	

workplace.		

	

Large	 reductions	 in	 corneal	 nerve	 density	 were	 easily	 identified	 by	 all	 clinicians.	 All	 but	 two	

clinicians	 correctly	 identified	 the	 image	 depicting	 a	 density	 of	 less	 than	 5mm/mm2.	 Not	

surprisingly,	 the	most	common	error	was	in	 identifying	the	difference	between	15-20mm/mm2	

and	10-15mm/mm2.	In	the	context	of	utilising	a	patient’s	own	pre-treatment	images	as	a	reference,	

changes	in	density	and	morphology	may	be	easier	to	detect.		

	

	

6.4	Discussion	
 
This	is	the	first	study	to	investigate	the	practicalities	of	utilising	in	vivo	confocal	microscopy	images	

in	clinical	practice.	Its	use	in	ophthalmic	clinics	and	research	is	well	established	and	well	accepted	
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by	ophthalmologists.	The	use	of	IVCM	in	systemic	diseases,	particularly	diabetes,	has	also	been	well	

established	 and	 shown	 to	 be	 superior	 to	 current	 clinical	 methods	 of	 detecting	 early	 diabetic	

peripheral	neuropathy,	but	has	yet	to	be	implemented	into	routine	clinical	practice.	146,	153,	159,	216	

	

A	 gap	 in	 literature	 exists	 on	 the	 reports	 that	discuss	 the	 ease	with	which	 IVCM	 images	 can	be	

interpreted	by	non-ophthalmic	 clinicians.	 If	 the	 images	 are	 easy	 and	 fast	 to	 interpret,	 it	would	

suggest	that	IVCM	images	can	be	easily	incorporated	into	clinical	practice	without	the	need	for	the	

images	being	analysed	by	an	ophthalmic	expert	first.	Ideally	a	physician	would	have	the	images	

from	a	patient,	with	 a	 reference	 guide	 and	any	past	 images	during	 a	 consultation	 to	help	with	

clinical	decision	making.	The	speed	with	which	images	can	be	analysed	by	an	ophthalmologist	or	

trained	optometrist	or	technician	first,	and	a	subsequent	report	generated	for	a	physician	would	

be	an	obvious	rate	limiting	step	in	the	appropriate	application	of	this	method	in	clinical	practice.	

	

The	concept	of	ophthalmologists	collaborating	with	non-ophthalmic	clinicians	to	provide	care	for	

a	medical	 condition	 is	not	new.	The	Diabetic	Retinal	 Screening	 service	 is	 a	mobile	 service	 that	

captures	 retinal	 images	 that	 are	 later	 graded	 by	 the	 Ophthalmology	 service	 and	 by	 trained	

optometrists	 via	 telemedicine	 and	 provides	 reports	 on	 degrees	 of	 diabetic	 retinopathy	 to	

endocrinologists	and	general	practitioners	to	aid	in	monitoring	diabetic	control.77,	217,	218	Diabetic	

retinopathy	is	an	important	clinical	sign	to	detect,	as	it	was	thought	to	be	the	earliest	clinical	sign	

of	diabetic	microvascular	complications.217		This	is	an	example	of	collaborative	care	that	exists	and	

utilises	 ophthalmic	 imaging	 techniques	 to	 aid	 non-ophthalmic	 clinicians	 in	 diagnosing	 and	

monitoring	 disease	 to	 improve	 patient	 outcomes.219-221	 A	 similar	 collaborative	 model	 exists	

between	Ophthalmology	and	Rheumatology	in	the	monitoring	of	patients	on	hydroxychloroquine	

therapy	and	the	detection	of	hydroxychloroquine	toxicity.222	These	ventures	show	that	ophthalmic	

imaging	can	be	incorporated	into	routine,	non-ophthalmic	clinics	to	aid	non-ophthalmic	clinicians	

in	decision	making.	
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IVCM	is	an	emerging	tool	in	clinical	decision	making,	particularly	in	the	assessment	of	diabetes	and	

other	causes	of	peripheral	neuropathy.	153,	223	As	previously	discussed	in	chapter	three,	analysis	of	

IVCM	images	shows	excellent	intra-observer	repeatability,	and	good	inter-observer	repeatability	

with	respect	to	analysis	of	sub-basal	nerve	density.158,	224,	225	

	

This	study	showed	that	non-ophthalmic	clinicians	are	receptive	to	 the	 implementation	of	 IVCM	

images	into	clinical	practice,	particularly	when	these	images	have	the	potential	to	guide	or	alter	

treatment	decision	making.	With	education	and	training	large	reduction	in	corneal	nerve	density	

can	be	identified	by	non-ophthalmic	clinicians	and	technicians.		Subtle	changes	have	proven	to	be	

more	 challenging	 to	 identify.	 At	 this	 stage,	 for	 this	 technique	 to	 be	 reliably	 implemented	 into	

clinical	practice,	each	set	of	 images	may	need	to	have	attached	corneal	density	values.	With	the	

development	of	automated	corneal	confocal	imaging	analysis,	this	may	be	easily	achieved	in	the	

future.226,	227	
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Chapter	7:	Ocular	Melanoma	and	Radioactive	

Plaque	Therapy	
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7.1	Introduction	

Thus	far	this	thesis	has	investigated	the	effect	of	systemic	cancer	and	treatment	of	systemic	cancer	

treatment	on	corneal	nerve	microstructure.	This	chapter	addresses	the	effect	of	ocular	melanoma	

and	local	ocular	treatment	with	radioactive	plaque	therapy	on	corneal	nerve	microstructure.		

	

Uveal	 melanoma	 is	 the	 most	 common	 primary	 intraocular	 cancer	 and	 comprises	 12%	 of	 all	

melanomas.	228	Conjunctival	melanoma	is	much	rarer	in	comparison	but	both	may	be	treated	with	

radioactive	plaque	therapy	to	eradicate	the	primary	tumour	and	prevent	local	recurrence.229	The	

complications	of	radioactive	plaque	therapy	are	well	 investigated,	especially	regarding	survival,	

ocular	salvage	and	vision	preservation.230,	231	However,	the	effect	of	a	radioactive	plaque	on	corneal	

nerve	microstructure	has	only	been	investigated	in	one	study	of	9	patients.232	

	

There	are	several	different	treatment	options	and	the	best	option	is	selected	on	a	case	by	case	basis.	

Primary	enucleation,	or	surgical	removal	of	the	eye,	was	the	only	treatment	until	the	introduction	

of	radiotherapy	and	will	remain	the	best	first	line	treatment	for	some	patients.228,	233	Indications	

for	enucleation	include	patient	choice,	large	tumour	size,	involvement	of	the	optic	nerve	head	and	

an	inability	to	access	other	treatment	options.228	A	tumour	located	at	the	macula	is	considered	a	

relative	indication	for	enucleation,	as	radiotherapy	will	result	in	vision	loss.234	There	are	no	studies	

to	determine	if	patients	with	these	tumours	are	more	satisfied	with	enucleation	or	radiotherapy.	

	

In	 addition	 to	 radioactive	 plaque	 therapy,	 stereotactic	 radiotherapy,	 transpupillary	

thermotherapy,	 external	 proton	 beam	 therapy	 and	 local	 resection	 are	 other	 options	 to	 be	

considered.235	The	availability	of	some	of	these	options	will	be	limited	in	some	centres.	However,	

local	 resection	 is	 an	 option	 for	 iris,	 ciliary	 body	 and	 choroidal	 melanomas	 in	 tertiary	

ophthalmology	centres	such	as	Auckland.		
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7.1.1	Radioactive	plaques	

Radioactive	plaques	are	inserted	over	the	location	of	the	melanoma	and	typically	remain	in	place	

for	 72	 hours.232	 They	 are	 a	major	 treatment	 option	 in	 cases	 of	 uveal	melanomas	 and	 are	 also	

occasionally	used	to	treat	conjunctival	melanomas	following	local	excision.236	

	

Radioactive	plaques	involve	attaching	radioactive	beads	to	a	lead	cap	and	suturing	the	plaque	onto	

the	 sclera.	 The	 radioactive	 isotope	 used	 in	 plaques	 varies.	 They	 can	 be	 made	 of	 Iodine-125,	

Ruthenium-106,	 Cobalt-60	 or	 Iridium-192.	 Iodine-125	 and	 Ruthenium-106	 are	 now	 the	 most	

commonly	 used.237	 The	 shape	 of	 the	 plaque	 is	 generally	 round,	 although	 notched	 plaques	 are	

commercially	available	for	treatment	of	peripapillary	tumours.		

	

The	plaques	used	in	this	study	are	round,	Ruthenium-106	plaques.	There	are	two	different	sizes	of	

plaques	available	in	New	Zealand.	Ruthenium-106	plaques	are	able	to	treat	tumours	of	up	to	5mm	

thickness.231	Ruthenium	plaques	have	a	smooth	internal	radioactive	surface	with	a	lead	cap,	rather	

than	being	comprised	of	radioactive	beads	attached	to	a	lead	cap	(figure	7.1).		Radioactive	plaque	

treatment	has	been	noted	to	have	a	comparable	survival	profile	to	enucleation	for	primary	ocular	

tumours	and	therefore	is	a	good	organ	preserving	technique.230,	233	The	prospective,	multicentre	

Collaborative	Ocular	Melanoma	Study		(COMS)	showed	that	that	there	was	no	difference	in	survival	

between	 enucleation	 and	 Iodine-125	 plaque	 therapy	 for	 medium	 (2.5-8mm)	 choroidal	

melanomas..238	There	are	yet	to	be	any	clear	guidelines	for	treatment	of	smaller	tumours.	Currently	

they	are	recommended	for	medium	sized	and	rapidly	growing	small	melanomas.237	
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Dosimetry	calculations	are	based	on	tumour	dimensions,	desired	dose	to	the	apex	and	the	rate	at	

which	the	plaque	can	emit	radiation.	The	thicker	the	tumour	and	the	higher	the	desired	dose	of	

radiation	at	the	apex,	the	higher	the	overall	dose	of	radiation	needs	to	be	delivered.234	

	

The	primary	goal	of	radioactive	plaque	treatment	is	to	provide	a	lifesaving	procedure	to	the	patient	

through	tumour	eradication.	After	this,	secondary	goals	of	treatment	include	organ	preservation	

and	visual	 function.	Preservation	of	visual	 function	depends	on	many	factors,	 including	tumour	

size,	location,	dose	of	radiotherapy	and	presence	of	sub-retinal	fluid.230,	233Unfortunately,	retention	

Figure	7.1:	Photographs	of	the	Ruthenium	plaque	used	at	Greenlane	Centre	and	its	

radio-protective	casing.	
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of	 visual	 acuity	 is	 not	 always	 the	 primary	 concern	 once	 the	 decision	 is	 made	 to	 treat	 with	 a	

radioactive	plaque	and	ocular	radiation	complications	are	relatively	common.230,	234	

	

7.1.2	Ocular	melanoma	

Uveal	Melanoma	

The	vast	majority,	over	90%,	of	uveal	melanomas	arise	in	the	ciliary	body	or	the	choroid,	with	only	

5-8%	originating	in	the	iris.	228,	239	Unlike	cutaneous	melanoma,	uveal	melanoma	is	not	thought	to	

be	 related	 to	 UV	 light	 exposure.228	 Genetic	 studies	 show	 that	 uveal	melanoma	 is	 a	 completely	

separate	 disease	 entity	 to	 cutaneous	 melanoma.228	 It	 is	 generally	 a	 non-inheritable,	 sporadic	

tumour.		

	

Uveal	melanoma	most	commonly	metastasizes	to	the	liver,	followed	by	the	lungs,	bone	and	skin.240	

	

	

	

	

	

	

	

	

	

	

Conjunctival	Melanoma	

Conjunctival	melanoma	 is	a	rare	ocular	cancer.	 Its	 incidence	 is	0.2-0.8	per	million	 in	Caucasian	

populations,	being	1/40th	 that	of	uveal	melanoma.229	 It	accounts	 for	5-7%	of	all	primary	ocular	

melanoma	and	its	incidence	is	increasing	in	a	similar	fashion	to	that	of	cutaneous	melanoma.241-244	

Choroidal	melanoma	

Radioactive	plaque	

Figure	7.2:	Diagram	for	choroidal	melanoma	and	corresponding	radioactive	

plaque	placement	
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Despite	surgical	resection	of	the	primary	tumour	site,	local	recurrence	rates	are	as	high	as	62%,	

with	mortality	rates	as	high	as	44%	being	reported.245	

	

	

	

	

	

	

	

	

	

	

	

There	is	a	paucity	of	published	data	on	the	effect	of	radioactive	plaque	on	corneal	nerve	density,	

with	the	only	publication	available	including	nine	patients.232	This	study	showed	that	immediately	

after	radioactive	plaque	removal	there	were	no	corneal	nerves	identifiable	on	confocal	imaging,	

but	by	the	one	year	follow	up	time	point,	the	majority	of	nerves	had	regenerated.232	There	was	no	

investigation	of	corneal	sensitivity	threshold.		

	

In	the	current	study,	the	data	gathered	in	relation	to	subbasal	nerve	densistywill	be	correlated	with	

dosimetric	data	about	the	plaques	supplied	by	an	ocular	melanoma	physicist.		

	

7.1.3	Aims	

1.	 To	 evaluate	 the	 corneal	 neuropathy	 induced	 by	 radioactive	 plaque	 treatment	 for	 ocular	

melanomas	and	assess	its	severity.	

2.	To	determine	if	there	is	any	resolution	of	corneal	neuropathy	over	time.		

Radioactive	plaque	

Conjunctival	melanoma	

Figure	7.3:	Diagram	of	conjunctival	melanoma	and	corresponding	radioactive	

plaque	placement	
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7.1.4	Hypotheses	

1.	Radioactive	plaque	treatment	of	ocular	melanoma	will	alter	(reduce	density)	of	the	sub-basal	

nerve	plexus	immediately	after	the	course	of	treatment.	

2.	The	corneal	sub-basal	nerve	plexus	will	regenerate	over	time.		

3.	Corneal	nerve	regeneration	will	be	related	to	the	dosimetric	data	of	the	plaque	and	the	corneal	

dose	of	radiation	delivered.		

	

	

7.2	Methods	

The	current	study	is	an	observational	study	to	determine	the	extent	of	corneal	neuropathy	induced	

by	radioactive	plaque	treatment	and	whether	these	changes	are	related	to	the	dose	of	radiation	

received	and	if	it	is	reversible	over	time.		

	

7.2.1	Inclusion	and	exclusion	criteria:	

	

Inclusion	criteria:	

Dr	Peter	Hadden	is	the	only	ocular	oncologist	in	New	Zealand	and	patients	were	recruited	directly	

from	 his	 clinic.	 He	 is	 also	 the	 only	 surgeon	 who	 performs	 radioactive	 plaque	 insertions	 and	

removals.	 Patients	 diagnosed	 with	 an	 ocular	 melanoma	 who	 are	 going	 to	 be	 treated	 with	 a	

radioactive	 plaque	 were	 asked	 to	 participate.232Recruitment	 commenced	 in	 January	 2017,	

following	 acquisition	 of	HDEC	 ethical	 approval,	 and	 closed	 in	 June	 2017.	During	 this	 period,	 7	

patients	presented	for	radioactive	plaque	insertion.	All	7	patients	were	successfully	recruited	to	

the	study.		
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Exclusion	criteria:	

Any	patient	with	ocular	melanoma	who	did	not	advance	to	treatment	with	a	radioactive	plaque	

was	 excluded	 -	 other	 methods	 of	 treating	 ocular	 melanoma	 include	 enucleation,	 stereotactic	

radiotherapy	and	transpupillarythermoplasty.		

	

Visual	acuity:	

Best	corrected	visual	acuity	of	each	eye	with	current	spectacles	using	a	standardized	logMAR	chart.	

This	is	described	in	greater	detail	in	an	earlier	section	of	this	thesis.		

	

Central	corneal	sensitivity:	

Corneal	 sensation	 will	 be	 measured	 with	 a	 Non-Contact	 Corneal	 Aesthesiometer.	 The	

aesthesiometer	uses	a	controlled	pulse	of	air	to	stimulate	corneal	nerves.	The	instrument	does	not	

directly	touch	the	cornea,	but	rather	produces	a	localized	cooling	sensation	of	the	pre-corneal	tear	

film,	and	the	subject	detects	this	change	in	surface	temperature.216	Corneal	sensitivity	threshold	is	

measured	 using	 a	 yes-no	 forced	 response,	 double	 staircase	 procedure,	 at	 the	 centre	 of	 the	

cornea.216This	method	is	described	in	greater	detail	in	chapter	five	of	this	thesis.		

	

In	vivo	confocal	microscopy:	

Quantitative	evaluation	of	corneal	nerve	microstructure	was	assessed	non-invasively	using	in	vivo	

confocal	microscopy.68	The	cornea	of	the	affected	eye	was	examined	with	laser	scanning	in	vivo	

confocal	microscopy	in	accordance	with	a	well-established	protocol.68	The	cornea	ii	anaesthetized	

with	 one	 drop	 of	 benoxinate	 hydrochloride	 to	 each	 eye.	 A	 disposable	 cap	 is	 placed	 over	 the	

objective	 lens	of	 the	confocal	microscopy	and	a	drop	of	Viscotears	 liquid	gel	placed	on	the	 lens	

objective	serves	as	a	contact	media.	Participants	are	asked	to	fixate	on	a	target	and	examination	is	

performed	with	a	40x	non-applanating	immersion	lens.196		The	full	thickness	of	the	central	cornea	

is	 scanned	 with	 particular	 attention	 paid	 to	 the	 sub-basal	 nerve	 plexus.232	 The	 confocal	



132 
 

examination	lasts	approximately	5-10	minutes.	Our	team	has	an	extensive	publication	track	record	

using	this	technique.	52,	53,	68,	216This	method	is	described	in	greater	detail	in	earlier	sections	of	this	

thesis.		

	

	

Data	analysis	and	statistics:	

Each	year	around	20	radioactive	plaques	will	be	inserted	for	ocular	melanomas	in	New	Zealand.	

Every	plaque	is	inserted	at	the	Greenlane	Eye	Clinic.		

	

The	 data	were	 analysed	with	 repeated	measures	 ANOVA	 and	multivariate	 analysis	 using	 SPSS	

analytical	software	and	Microsoft	Excel.		

	

7.3	Results	

	

7.3.1	Patient	demographics	and	tumour	details	

	

Table	7.1	shows	the	demographics	of	the	patients	recruited	to	the	study.	Of	the	seven	patients,	two	

were	treated	for	conjunctival	melanoma	and	5	for	uveal	melanoma.	These	figures	are	somewhat	

surprising,	given	the	relative	rarity	of	conjunctival	melanoma	compared	to	uveal	melanoma.		

	

Table	7.1	also	includes	details	on	the	tumour	characteristics	of	the	choroidal	melanomas,	as	well	

as	treatment	doses	each	patient	received.		

	



 

 
 

	

	
 

Table	7.1:	Patient	demographics	of	the	radioactive	plaque	patients	included	in	this	study	with	their	respective	tumour	dimensions	and	

radioactive	plaque	dosimetry	data.	

	

	
Gender	 Age	 Ethnicity	 Eye	 Tumour	

type	
Conjunctival	
tumour	
treatment	

Horizontal	
(mm)	

Vertical	
(mm)	

Thickness	
(mm)	

Apex	
depth	
(thickness	
+1mm)	

Dose	
to	
Apex	
(Gy)	

Dose	
to	
Sclera	
(Gy)	

Patient	
1	

F	 59	 Caucasian	 Left	 Conjunctival	 100Gy	to	
2mm	

	 	 	 	 	 	

Patient	
2	

F	 76	 Caucasian	 Right	 Choroidal		
	

6.78	 6.78	 2.15	 3.15	 143	 348	

Patient	
3	

M	 70	 Maori	 Right	 Choroidal	
	

14.86	 18.07	 3.83	 4.83	 113	 421	

Patient	
4	

F	 57	 Caucasian	 Right	 Choroidal		
	

18.04	 19.72	 4.65	 5.65	 95	 471	

Patient	
5	

M	 57	 Caucasian	 Left	 Conjunctival	 100Gy	3mm	
	 	 	 	 	 	

Patient	
6	

M	 72	 Caucasian	 Left	 Choroidal	
	 	 	 	 	 	 	

Patient	
7	

M	 62	 Caucasian	 Right	 Choroidal		
	

9.34	 9.24	 3.74	 4.7	 101	 434	
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7.3.2	Corneal	nerve	density	and	corneal	sensitivity	threshold	

	

Table	7.2	shows	the	table	of	corneal	nerve	densities	of	each	patient.	The	pre-plaque	IVCM	scan	was	

done	 the	 day	 of	 the	 plaque	 insertion,	 immediately	 pre-operatively.	 The	 post-plaque	 scan	 was	

obtained	 the	 day	 of	 the	 plaque	 removal,	 within	 4	 hours	 of	 the	 patient	 returning	 to	 the	 ward	

following	their	theatre	session.	The	3	month	post-plaque	removal	scan	was	obtained	within	1	week	

of	 the	 exact	 3	 month	 date,	 with	 this	 amount	 of	 time	 given	 as	 lee-way	 for	 travel	 back	 to	 the	

Greenlane	Eye	Clinic	in	Auckland	for	the	visit.	At	the	3	month	post-plaque	removal	appointment,	

IVCM	 was	 also	 performed	 on	 the	 fellow	 untreated	 eye.	 The	 untreated	 eye	 should	 have	 been	

protected	from	any	effects	of	radiotherapy	by	the	lead	cap	that	encases	the	radioactive	surface.		

	
	

Pre-
plaque	
CND		

Post-
plaque	
CND	

3-month	
post-
plaque	
CND		

Untreated	
eye	CND		

Pre-plaque	
Snellen	visual	
acuity	

3	month	
post-plaque	
Snellen	
visual	acuity	

Patient	1	 11.10	 0	 0.82	 9.89	 6/6	 6/7.5	
Patient	2	 13.18	 0	 3.02	 17.51	 6/12	 6/15	
Patient	3	 19.25	 0	 13.51	 19.84	 6/9	 6/24	
Patient	4	 16.70	 6.356	 18.41	 20.24	 6/6	 6/9	
Patient	5	 25.64	 0	 22.02	 18.79	 6/6	 6/7.5	
Patient	6	 18.02	 0	 13.13	 18.27	 6/7.5	 6/12	
Patient	7	 25.67	 5.12	 7.27	 21.30	 6/7.5	 6/45	
	

Table	7.2:	Table	showing	the	corneal	nerve	densities	(CND)	of	each	patient	in	mm/mm2	at	each	

time	point	as	well	as	pre	and	post	plaque	Snellen	visual	acuities.	

	

Figure	7.2	shows	the	change	in	corneal	nerve	density	for	each	individual	patient	in	a	line	graph.	

The	range	of	starting	corneal	nerve	densities	range	from	11.1-25.7mm/mm2.	Every	patient	in	this	

study	showed	a	significant	decrease	in	corneal	nerve	density	immediately	after	radioactive	plaque	

treatment,	as	demonstrated	by	the	post-plaque	figures.	Indeed,	all	but	2	patients	had	undetectable	

corneal	nerve	densities	at	this	visit.		
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All	patients	showed	some	recovery	of	corneal	nerve	density	at	the	3	month	post-plaque	visit,	but	

interestingly	for	all	but	one	patient	(Patient	one),	this	nerve	regeneration	was	still	lower	in	density	

when	compared	to	the	fellow	untreated	eye.		

	

	

	

	

	

	

	

	

	

	

	

	

	

	

Figure	7.5:	Change	to	corneal	nerve	density	over	the	treatment	course.	The	Y	axis	shows	

corneal	nerve	density,	and	the	X	axis	represents	each	of	the	seven	patients	
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Figure	7.4:	Figure	showing	the	IVCM	images	from	Patient	seven	who	did	not	show	

complete	loss	of	corneal	nerve	fibres.		A)	pre-plaque,	B)	day	one	post-plaque	removal	

showing	some	residual	nerve	fibres,	C)	three	months	post	plaque	removal	and	D)	the	

untreated	eye.		
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All	patients	treated	for	choroidal	melanomas	showed	a	reduction	in	visual	acuity,	while	the	visual	

acuity	for	the	patients	treated	for	conjunctival	melanoma	remained	largely	intact.		

	

No	correlation	was	found	to	between	corneal	nerve	density,	total	dose	of	radiation	received	and	

corneal	sensitivity	threshold.		

	

The	 following	 scatter	 plot	 shows	 the	magnitude	 of	 corneal	 nerve	 density	 loss	 for	 each	 patient	

against	the	total	dose	of	radiotherapy	delivered.		

	

	

	

	

	

	

	

	

	

	

	

	

	

There	is	no	obvious	relationship	between	the	dose	of	radiotherapy	received	and	the	loss	of	corneal	

nerve	density	noted	at	3	months.	All	patients	showed	signs	of	regeneration	of	corneal	nerves	at	

this	stage,	and	the	rate	of	regeneration	also	does	not	appear	to	correlate	with	the	total	dose	of	

radiotherapy	received.		
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Figure	7.6:	Corneal	nerve	density	(mm/mm2)	vs	dose	of	radiation	in	(Gy)	to	the	
sclera		
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7.3.3	Other	ocular	effects	

	

The	other	ocular	effects	of	radioactive	plaques	have	been	well	described	in	the	COMS	study.	The	

following	 table	 summarises	 the	other	 side	effects	 experienced	by	 the	patients	 recruited	 in	 this	

study.	Of	note,	Patient	7’s	visual	outcome	was	greatly	compromised	just	after	the	3	month	follow	

up	time	point	following	the	development	of	cystoid	macular	oedema.	All	patients	included	in	this	

study	 reported	dry	eye	being	a	 significant	 side	effect,	 and	all	patients	 in	 this	 study	needed	 the	

addition	of	topical	lubricating	eye	drops	to	alleviate	their	symptoms.		

	

	 Tumour	type	 Ocular	side	effects	of	plaque	
radiotherapy	

Patient	1	 Conjunctival	melanoma	 Dry	ocular	surface	
Patient	2	 Choroidal	melanoma	 Dry	ocular	surface,	post-operative	diplopia		
Patient	3	 Choroidal	melanoma	 Dry	ocular	surface,	post-operative	diplopia	
Patient	4	 Choroidal	melanoma	 Dry	ocular	surface,	post-operative	diplopia		
Patient	5	 Conjunctival	melanoma	 Dry	ocular	surface	
Patient	6	 Choroidal	melanoma	 Dry	ocular	surface,	post-operative	diplopia	
Patient	7	 Choroidal	melanoma	 Dry	ocular	 surface,	post-operative	diplopia,	

decreased	vision	due	to	macular	oedema	
	

Table	7.3:	Table	of	ocular	side	effects	of	radioactive	plaque	therapy	experienced	by	patients	

 

All	 patients	 receiving	 treatment	 for	 choroidal	 melanomas	 reported	 post-operative	 diplopia	

immediately	after	plaque	removal,	and	all	had	complete	resolution	of	their	diplopia	by	the	3	month	

follow	up	time	point.		
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7.4	Discussion	

	

The	results	of	this	study	largely	concur	with	that	of	Zhivov	et	al.	This	is	the	only	other	study	in	

published	literature	investigating	the	effect	of	plaque	brachytherapy	on	corneal	nerve	density	and	

therefore	the	only	other	study	that	we	can	draw	comparisons	with.	Clearly	there	is	a	paucity	of	

research	in	this	field,	possibly	due	to	the	small	numbers	of	ocular	melanoma	cases	presenting	any	

one	centre.		

	

Much	like	Zhivov,	all	the	patients	involved	in	this	study	showed	almost	a	total	loss	of	corneal	sub-

basal	nerves	immediately	after	plaque	therapy.	Interestingly,	unlike	Zhivov,	2	patients	in	this	study	

did	not	lose	all	of	their	nerves	and	instead	showed	a	large	decrease	in	nerve	density.	Both	of	these	

patients	 had	 choroidal	 melanomas	 and	 more	 posteriorly	 located	 plaques.	 The	 location	 of	 the	

plaque	in	relation	to	the	neurovascular	bundle	containing	the	long	ciliary	nerves	responsible	for	

corneal	sensation,	is	not	known.	A	potential	reason	for	the	sparing	of	some	sub-basal	nerves	may	

be	the	plaque	location	being	far	from	this	neurovascular	bundle.		

	

All	patients	showed	some	recovery	of	their	corneal	nerve	density	at	the	3	months	follow-up,	but	

no	eye	showed	enough	recovery	to	match	the	untreated	eye.	The	contralateral,	untreated	eye	was	

chosen	for	comparison	in	this	study	as	they	were	noted	to	be	normal,	with	no	prior	surgery	and	no	

other	ocular	diagnoses	that	may	entail	the	need	for	topical	drop	treatment.	At	this	time	point,	the	

treated	eye	showed	a	higher	corneal	sensitivity	threshold	compared	to	the	untreated	eye.		

	

This	finding	is	of	unknown	significance	as	it	has	been	found	that	the	correlation	between	corneal	

nerve	density	and	corneal	sensitivity	threshold	is	not	close,	but	it	is	worth	noting	that	all	patients	
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had	enough	corneal	sensitivity	to	display	dry	eye	symptoms.	This	study	showed	similar	rates	of	

corneal	nerve	density	recovery	as	Zhivov’s	study.		

	

This	study	focussed	on	central	corneal	nerve	density	while	in	contrast	Zhivov	divided	the	cornea	

into	several	different	zones	for	analysis.	This	is	based	on	Zhivov’s	finding	that	the	radiation	damage	

demonstrated	by	 severity	of	 corneal	nerve	damage	 is	not	 related	 to	 the	 local	dose	of	 radiation	

received	at	any	part	of	the	cornea,	but	rather	due	to	a	form	of	“bystander	radiation	damage”.	In	

addition	to	this,	the	central	cornea	is	the	most	reliably	repeatedly	imaged	area	of	the	cornea	and	

therefore	these	readings	were	deemed	to	be	most	relevant	for	this	project.	

	

While	not	investigated	in	this	study,	it	is	important	to	note	that	the	corneal	endothelium	has	no	

regenerative	capacity.	Suranyi	et	al.	showed	that	there	was	a	significant	but	not	high	reduction	in	

central	 corneal	 endothelial	 cell	 density	 from	 a	 mean	 of	 2147±128	 cells/mm2	 to	

2056±101cells/mm2	six	months	after	radioactive	plaque	treatment.246	It	would	be	interesting	to	

investigate	long	term	follow	up	of	these	effects	and	determine	if	it	contributes	to	faster	reduction	

of	corneal	endothelial	cell	density	and	or	early	onset	corneal	decompensation.		

	

While	patients	 in	 this	study	reported	relatively	modest	corneal	side	effects,	 longer	 follow	up	 is	

needed	to	determine	the	development	of	radiation	retinopathy	and	visual	loss	secondary	to	this.	

Although	 all	 patients	 treated	 for	 choroidal	melanoma	 showed	 loss	 of	 BCVA	 on	 logMAR	 visual	

acuity,	most	notably	Patient	7	who	developed	cystoid	macular	oedema.	The	Collaborative	Ocular	

Melanoma	Study	(COMS)	reported	the	most	frequent	features	seen	over	8	years	of	follow	up	were	

macular	microaneurysms	(75.6%),	angiographic	evidence	of	macular	vessel	leakage	(75.1%)	and	

optic	disc	hyperfluoresence	(62.8%).247	COMS	shows	that	the	vast	majority	of	patients	who	receive	

radioactive	plaque	treatment	develop	ocular	sequalae.247	It	is	likely	that	longer	follow	up	would	
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show	further	reduction	in	visual	acuity	in	this	series	of	patients	due	to	development	of	features	of	

radiation	retinopathy.	

	

One	limitation	of	this	study	is	the	timing	of	the	3-month	follow	up	visit.	While	the	pre-plaque	and	

post-plaque	scans	always	occurred	at	the	same	time	intervals,	there	was	a	variation	in	3-month	

follow	up,	with	all	patients	being	seen	within	2	weeks	of	the	exact	3-month	date.	This	limitation	

was	 an	 unavoidable	 consequence	 of	 having	 only	 one	 centre	 in	 New	 Zealand	 providing	 this	

treatment.	Patients	involved	in	this	study	were	flown	from	their	home	centres	to	Greenlane	Clinical	

Centre	in	Auckland	to	attend	this	visit,	but	co-ordinating	the	timing	of	the	flights	with	each	patient’s	

personal	schedule	did	not	make	exact	timings	possible.		

	

Corneal	 neuropathy	 following	 radioactive	 plaque	 treatment	 is	 not	 regularly	 assessed	 and	 is	

overlooked	 during	 the	 clinical	 assessment	 of	 features	 of	 radiation	 retinopathy	 and	 tumour	

regression.	 The	 results	 of	 this	 study	 are	 in	 agreement	with	 Zhivov,	 in	 that	 radioactive	 plaque	

treatment	 results	 in	 a	 moderate	 amount	 of	 corneal	 neuropathy	 that	 develops	 rapidly	 after	

treatment	and	is	at	least	partially	reversible.		

	

Longer	follow	up	data	would	be	useful	in	determining	the	exact	extent	of	the	corneal	neuropathy	

associated	with	radioactive	plaque	therapy	and	characterising	its	time	course.	There	is	evidence	

to	 show	 that	 corneal	 nerve	 density	 returns	 to	 near	 normal	 levels	 several	 months	 after	 the	

refractive	procedure	photorefractive	keratectomy.248	Its	return	is	much	slower	in	the	laser	assisted	

in-situ	 keratomileusis	 (LASIK)	 and	 never	 recovers	 to	 normal	 levels	 after	 penetrating	

keratoplasty.52,	249	
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Chapter	8:	Systematic	Review	of	Treatment	

of	Oxaliplatin-induced	Peripheral	
Neuropathy	
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4.1	Background	

Oxaliplatin	 is	 a	 platinum	 analogue	 and	 belongs	 in	 the	 same	 family	 of	 antineoplastic	 agents	 as	

cisplatin	 and	 carboplatin.	 It	 first	 gained	 FDA	 approval	 in	 2002	 for	 use	 in	metastatic	 colorectal	

cancer	 and	 although	 initially	 used	 only	 for	 patients	 who	 had	 failed	 first	 line	 therapy	 with	 5-

fluorouracil	and	irinotecan,	it	has	since	superseded	this	to	become	the	current	gold	standard,	first-

line	treatment	for	adjuvant	and	palliative	treatment	of	colorectal	cancer	worldwide.		It	has	been	

reported	 to	 improve	 survival	 rates	 in	 cases	 of	 curative	 intent	when	 used	 as	 a	 first-line	 agent,	

conveying	 a	 20%	 relative	 risk	 reduction	 for	 recurrence	 and	 16%	 for	 death	 compared	with	 5-

fluorouracil	monotherapy	 in	 stage	 II	 and	above.250	 	 It	 has	 also	been	 shown	 to	 increase	 time	 to	

disease	progression	by	3	months	and	lengthen	overall	survival	by	8	months	in	advanced	colorectal	

cancer	patients.251-254	Oxaliplatin	has	since	been	used	 in	the	treatment	of	other	gastrointestinal	

malignancies,	this	review	focuses	on	its	use	in	colorectal	cancer	specifically.		

	

Oxaliplatin	is	always	used	in	combination	with	5-fluorouracil	and	leucovorin.	It	is	most	commonly	

dosed	at	85mg/m2	and	is	delivered	as	an	infusion	over	2	hours.	The	most	common	chemotherapy	

regime	delivers	each	cycle	of	Oxaliplatin	fortnightly	and	is	known	as	FOLFOX4.		

	

As	with	other	platinum	analogues,	Oxaliplatin	shows	an	affinity	for	the	dorsal	root	ganglion.	While	

its	 neurotoxicity	 is	 its	 primary	dose-limiting	 side	 effect,	 like	 the	other	platinum	analogues	 and	

indeed,	other	antineoplastic	agents	as	a	whole,	can	demonstrate	haematologic	toxicity	in	the	form	

of	neutropenia	as	well	as	gastrointestinal	pain,	diarrhoea,	nausea	and	vomiting.100These	other	side	

effects	have	been	reported	as	being	 less	severe	than	other	members	of	 the	platinum	derivative	

family.	100,	117	
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Oxaliplatin	 conveys	 a	 significant	 survival	 benefit	 and	 thus	 its	 dose	 limiting	 side	 effect	 has	

implications	on	both	mortality	and	morbidity.108,	124,	250,	252,	254With	the	rates	of	colorectal	cancer	

climbing	 worldwide,	 Oxaliplatin	 induced	 peripheral	 neuropathy	 will	 become	 an	 increasing	

survivorship	issue.103,	128	

	

Oxaliplatin	induced	peripheral	neuropathy	is	a	small	fibre,	symmetrical,	sensory	neuropathy	but	

differs	 from	 other	 forms	 of	 chemotherapy	 induced	 peripheral	 neuropathy	 in	 the	 sense	 that	 it	

occurs	in	two	distinct	phases,	each	with	their	own	mechanism	of	action.255Acute	neuropathy	occurs	

immediately	 after	 treatment	 and	 is	 associated	 with	 nerve	 hypersensitivity	 induced	 by	

Oxaliplatin.116	 Its	 duration	 by	 definition	 lasts	 less	 than	 14	 days	 and	 subsides	 without	 causing	

permanent	 nerve	 damage.	 In	 this	 period,	 neuropathic	 pain	 is	 exacerbated	 by	 exposure	 to	 cold	

temperatures	and	patients	may	also	experience	pharyngolaryngealdysaesthsia	and	dysphagia.116	

The	vast	majority	(over	90%)	of	all	patients	being	 treated	with	Oxaliplatin	will	experience	 this	

acute	neurotoxicity	effect.116	

	

Chronic	 neuropathy,	 by	 definition,	 lasts	 longer	 than	 14	 days	 and	 is	 not	 induced	 by	 cold	

temperatures.	 It	 is	 postulated	 to	 be	 caused	 by	 nerve	 damage	 secondary	 to	 accumulation	 of	

Oxaliplatin	metabolite	in	the	dorsal	root	ganglions	of	nerves.132,	133	This	damage	can	last	months	or	

years	after	cessation	of	treatment	in	an	effect	known	as	“coasting”,	and	is	Oxaliplatin’s	main	dose-

limiting	 side	 effect.256	 Chronic	 neuropathy	 is	 associated	 with	 the	 total	 cumulative	 dose	 of	

Oxaliplatin	 delivered	 and	 is,	 therefore,	 a	 strong	 clinical	 indication	 of	 dose	 reduction	 and/or	

treatment	termination.	Studies	have	reported	figures	as	high	as	80%	of	patients	will	experience	

chronic	neuropathy.	Studies	have	also	shown	that	the	“coasting”	effect	can	still	be	present	11	years	

after	cessation	of	treatment.	103	
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The	 diagnosis	 of	 Oxaliplatin	 neurotoxicity	 is	 made	 clinically	 through	 history	 taking,	 clinical	

questionnaires	and	clinical	examination.	All	these	methods	are	subjective.	The	diagnosis	can	also	

be	made	through	the	use	of	electrophysiology	in	the	use	of	nerve	conduction	studies	(as	noted	in	

chapter	 five),	 but	 this	 is	 an	 expensive	 measure	 and	 is	 therefore	 not	 implemented	 in	 clinical	

practice.			

	

8.1.1	Prevention	of	Oxaliplatin	neurotoxicity	

Currently,	 the	 only	 known	method	 of	 treating	Oxaliplatin	 induced	 peripheral	 neuropathy	 is	 to	

reduce	 the	 total	 cumulative	 dose,	 as	 the	 severity	 of	 neuropathy	 is	 dose	 related.	 However,	 any	

reduction	in	dose	may	adversely	affect	the	efficacy	of	treatment.	Dose	reduction	is	a	step	that	can	

only	be	 taken	after	 a	 clinical	diagnosis	of	 chronic	neuropathy	has	been	made,	which	 is	usually	

possible	 only	 after	 it	 has	 become	well-established.	 Progression	 of	 chronic	 neuropathy	 can	 still	

occur	despite	dose	reductions	and	cessation	of	treatment	and	can	become	increasingly	severe	after	

the	 cessation	 of	 treatment.	 This	 neuropathy	 can	 also	 continue	 to	 “coast”	 for	many	 years	 after	

treatment	has	been	completed.	103	

	

For	these	reasons,	an	effective	treatment	for	Oxaliplatin	induced	peripheral	neuropathy	has	been	

widely	sought.	Several	different	treatment	options	have	been	investigated,	but	all	with	mediocre	

results	 and	all	 studies	have	either	 concluded	 that	 further	 clinical	 trials	 are	needed,	 or	 that	 the	

results	 are	not	promising	 enough	 to	warrant	 further	 research.	To	date,	 no	 treatment	has	been	

reported	 to	 be	 able	 to	 prevent	 neuropathy	 from	 developing	 or	 to	 treat	 it	 once	 it	 has	 become	

established.	This	review	focuses	on	the	investigation	of	these	treatments.		

	

	



 

145 
 

8.1.2	Description	of	the	intervention	

Several	different	interventions	or	agents	have	been	utilised	clinically	in	treating	neuropathic	pain	

or	peripheral	neuropathy.	This	review	has	only	included	interventions	that	have	been	investigated	

for	treating	Oxaliplatin	induced	peripheral	neuropathy.	A	summary	description	of	each	agent	 is	

provided	below:		

• Carbamazepine	is	used	primary	in	the	treatment	of	seizure	disorders	and	neuropathic	pain.	

It	has	several	different	mechanisms	of	action,	 firstly	as	a	use-dependent	sodium	channel	

blocker,	secondly	as	a	GABA	receptor	blocker	(thought	to	be	the	mechanism	for	providing	

relief	 of	 neuropathic	 pain)	 and	 may	 possibly	 be	 a	 serotonin	 reuptake	 inhibitor.	

Carbamazepine	has	FDA	approval	for	use	in	treatment	of	trigeminal	neuralgia.257-259	

	

• Amitriptyline	is	a	tricyclic	antidepressant.260	Aside	from	its	antidepressant	uses,	it	is	also	

used	for	neuropathic	pain	and	has	approval	for	treatment	of	fibromyalgia	and	post-herpetic	

neuralgia.261	Its	exact	mechanism	of	action	on	neuropathic	pain	is	unknown.261	

	

• Venlafaxine	 is	 a	 serotonin-noradrenalin	 reuptake	 inhibitor	 and	 its	 primary	 use	 is	 an	

antidepressant	 medication.262	 It	 has	 been	 shown	 to	 be	 effective	 in	 the	 treatment	 of	

neuropathic	pain	caused	by	diabetic	neuropathy	and	is	commonly	used	for	this	purpose,	

although	this	is	an	off-label	indication.263	

	

• Glutathione	 is	 an	 antioxidant	 that	 is	 naturally	 occurring	 in	 plants,	 animals	 and	 some	

fungi.264	It	is	currently	available	as	a	nutritional	supplement	and	is	easily	purchased	across	

the	 counter.	 It	 is	 thought	 to	 reduce	 cellular	 damage	 from	 free	 radicals	 and	 has	 been	

investigated	in	the	treatment	of	Oxaliplatin	induced	peripheral	neuropathy.264,	265	
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• Vitamin	 E	 is	 an	 antioxidant	 and	 is	 readily	 available	 over	 the	 counter	 as	 a	 nutritional	

supplement.	It	has	demonstrated	some	suggestion	that	it	is	effective	in	preventing	cisplatin	

related	peripheral	neuropathy.192,	266	

	

• Goshajinkigan	is	a	traditional	Japanese	medication	also	known	as	“Kampo”.267	It	has	been	

used	 in	 Japan	 to	 alleviate	 symptoms	 of	 diabetic	 peripheral	 neuropathy	 and	 has	 been	

investigated	for	its	use	in	chemotherapy	induced	peripheral	neuropathy.194	

	

• Calcium	and	magnesium	infusions	has	been	widely	investigated	for	their	use	in	reducing	

chemotherapy	induced	peripheral	neuropathy.268,	269This	is	not	a	practice	that	is	routinely	

used,	as	the	largest	trial	of	this	treatment	was	terminated	early	due	to	a	suggestion	that	it	

may	interfere	with	treatment	effect.270	This	has	since	been	disputed	and	the	infusions	have	

again	come	under	investigation.270	

	

• Glutamine	is	one	of	the	essential	amino	acids.	It	is	the	most	abundant	amino	acid	in	blood	

but	levels	become	depleted	in	patients	with	malignancies.271	It	has	been	suggested	that	the	

influence	of	chemotherapy	on	normal	tissues	may	be	modulated	by	having	normal	tissue	

stores	of	glutamine.195	

	

8.1.3	Why	it	is	important	to	do	this	review	

Oxaliplatin	 chemotherapy	 is	 currently	 the	 gold	 standard	 for	 treatment	 of	 colorectal	 cancer	

worldwide.	It	provides	a	significant	survival	advantage	over	monotherapy	with	5-fluorouracil	but	

is	associated	with	a	dose-limiting	side	effect	of	peripheral	neuropathy.	This	not	only	affects	the	

efficacy	of	treatment,	but	also	the	quality	of	life	after	cessation	of	therapy.		
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With	no	current	FDA	approved	treatment	for	chemotherapy	induced	peripheral	neuropathy,	it	is	

important	to	determine	if	any	current	methods	for	treating	peripheral	neuropathy	could	be	applied	

to	Oxaliplatin	induced	peripheral	neuropathy.		

	

8.2	Objectives	

To	examine	the	efficacy	and	safety	of	agents	used	in	the	treatment	of	Oxaliplatin	induced	peripheral	

neuropathy.		

	

8.3	Methods	

	

8.3.1	Criteria	for	considering	studies	for	this	review	

Types	of	studies	

Only	 randomised-controlled	 trials	 of	 agents	 purported	 to	 be	 effective	 in	 treating	 peripheral	

neuropathy,	in	the	treatment	of	Oxaliplatin	induced	peripheral	neuropathy,	were	included	in	this	

review.	 Quasi-randomised	 and	 semi-organised	 trials	 were	 excluded.	 These	 treatments	 were	

compared	with	placebo	or	no	treatment.		

	

Types	of	participants	

Participants	 were	 adults,	 over	 18	 years	 of	 age,	 of	 either	 sex	 undergoing	 chemotherapy	 with	

Oxaliplatin	 as	 an	 antineoplastic	 treatment	 for	 colorectal	 cancer,	 who	 also	 had	 peripheral	

neuropathy.	
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Types	of	interventions	

Any	form	of	treatment	of	peripheral	neuropathy	being	utilised	and	investigated	to	treat	or	prevent	

Oxaliplatin	 induced	peripheral	 neuropathy	was	 included	 in	 this	 review.	 Interventions	 included	

carbamazepine,	amitriptyline,	venlafaxine	and	glutathione.	Searches	were	also	conducted	to	find	

studies	 investigating	 the	 use	 of	 gabapentin	 and	 duloxetine,	 but	 none	 were	 found	 containing	

extractable	data	that	pertained	specifically	to	Oxaliplatin	induced	peripheral	neuropathy.		

	

Types	of	outcome	measures	

Primary	 and	 secondary	 outcomes	were	 evaluated	 at	 the	 completion	 of	 chemotherapy.	 Several	

studies	 included	 extra	 time	 points,	 so	 the	 common	 time	 point	 of	 completion	 of	 12	 cycles	 of	

chemotherapy	was	chosen.		

	

Primary	outcomes	

The	primary	outcome	measure	was	the	degree	of	peripheral	neuropathy	in	patients	being	treated	

with	Oxaliplatin.	The	scale	with	which	the	grade	of	neuropathy	was	assessed	was	noted.		

	

Secondary	outcomes	

Secondary	outcomes	measured	were	treatment	side	effects,	other	Oxaliplatin	toxicities	and	tumour	

response.	
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8.3.2	Search	methods	for	identification	of	studies	

	

Electronic	searches	

The	 following	 list	 of	 online	 databases	 were	 searched	 for	 potential	 studies	 with	 no	 language	

restrictions:	PubMed,	Web	of	Science,	Cochrane	Central	Register	of	Controlled	Trials	(CENTRAL),	

Scopus,	 MEDLINE,	 EMBASE,	 BioMed	 Central,	 Scopus,	 Clinical	 Trials,	 Controlled	 Clinical	 Trials,	

Trials	Central,	Latin	American	and	Caribbean	health	Sciences	Literature	(LILIACS)	and	relevant	

online	medical	journal	websites.		

	

Electronic	 searches	 were	 conducted	 from	 the	 date	 of	 inception	 of	 this	 systematic	 review	 in	

November	2016	until	the	end	of	July	2017.	Searches	were	conducted	in	English,	but	no	language	

filter	was	placed	on	the	search	any	relevant	studies	published	in	other	languages	were	considered.		

	

The	current	review	was	conducted	using	the	Cochrane	Collaboration	methodology	and	software,	

Review	Manager	(RevMan)	version	5.1,	from	the	Nordic	Cochrane	Centre,	Rigshospitalet.	

	

Description	of	studies	

The	initial	search	 identified	743	potentially	relevant	articles,	of	which	19	full	 text	articles	were	

selected	for	review.	Of	these	19	articles,	only	13	fulfilled	the	inclusion	criteria.		
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8.3.3	Data	collection	and	analysis	

Selection	of	studies	

For	 this	 review,	 two	 authors	 (ET	 and	 EM)	 independently	 screened	 the	 titles	 and	 abstracts	 of	

references	 to	 select	 potential	 studies	 for	 inclusion.	 All	 data	 collection,	 database	 searches	 and	

analysis	and	manuscript	production	was	conducted	by	the	principle	investigator	Dr	Ellen	Tyler,	

and	confirmation	of	study	selection	and	manuscript	editing	was	conducted	by		Dr	Elissa	MacDonald	

(EM).	The	full	text	of	all	potential	studies	were	obtained	and	independently	assessed	by	the	same	

two	authors.	The	authors	decided	which	studies	complied	with	the	inclusion	criteria	and	graded	

their	risk	of	bias.	Any	disagreements	were	resolved	by	communication.		

	

	

Figure	8.1:	Flow	diagram	of	selected	and	included	trials	based	on	the	PRISMA	statement	

PRISMA:	Preferred	Reporting	of	Systematic	Reviews	and	Meta-Analysis	
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(n=721)
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Data	extraction	and	management	

One	 review	 author	 (ET)	 designed	 a	 data	 extraction	 form	based	 on	 the	 primary	 and	 secondary	

outcomes	to	be	assessed	and	performed	data	extraction	for	each	article.	A	second	review	author	

(EM)	reviewed	the	extracted	data.	.	The	full	text	of	all	potential	studies	were	obtained,	translated	

where	necessary,	and	independently	assessed	by	the	same	two	authors.	The	authors	decided	which	

studies	 complied	 with	 the	 inclusion	 criteria	 and	 graded	 their	 risk	 of	 bias.	 Random	 sequence	

generation,	allocation	concealment,	masking	of	participants	and	personnel,	masking	of	outcome	

assessment,	 incomplete	 outcome	data,	 and	 other	 identified	 bias	 of	 included	 trials	were	 scored	

using	the	Cochrane	Risk	of	Bias	tool	(see	Figures	8.2	and	8.3).	Any	disagreements	were	resolved	

by	communication.	

	

Statistical	analysis	

Treatment	differences	were	calculated	using	Mantel-Haenszel	fixed	effect	analysis,	and	random-

effects	 analysis	 was	 to	 be	 used	 if	 there	 was	 evidence	 of	 statistical	 heterogeneity.	 Continuous	

outcomes	were	analysed	using	mean	difference	(MD)	and	reported	with	95%	confidence	intervals	

(CIs).	Relative	risk	(RR)	with	95%CI	was	reported	for	dichotomous	outcomes.	Where	appropriate,	

the	number	needed	to	treat	to	benefit	(NNTB)	or	harm	(NNTH)	and	95%CI	were	calculated.	The	

NNT	 is	 the	 inverse	of	 the	absolute	 risk	 reduction.	The	NNTB	 gives	a	measure	of	 the	number	of	

patients	that	need	to	be	treated	in	order	to	provide	the	benefits	outcome	for	one	patient.	Likewise,	

NNTH	provides	the	same	measure	in	order	to	prevent	the	harmful	outcome	to	one	patient.	
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8.4	Results	

8.4.1	Included	studies	

A	summary	of	characteristics	of	included	studies	is	reported	in	Table	8.1.	

	



 

 
 

Table	8.1:	Summary	of	characteristics	of	included	studies.	

Author	
(year)	

Total	
number	
of	partici-
pants	
(treat-
ment:no	
treat-
ment/pla
cebo)	

Patient	
population	

Chemo-
therapy	
regime	

Intervention	 Frequency	of	
intervention	

Length	of	
intervention/	
follow-up	

Co-inter-
vention	

Outcome	
measures	
reported	

Sources	of	
funding	

Nishioka	
(2011)	

45	(22:23)	 Japanese	
study	of	
advanced,	
recurrent	
colorectal	
cancer	
patients.	

FOLFOX	 Goshajinkigan	 7.5g	oral	
Goshajinkigan	
daily	

Patients	seen	
before	each	
course	of	
chemotherapy,	
up	to	30	
courses	in	total	

18	patients	
in	each	
group	
treated	with	
bevacizu-
mab	

Grade	of	
peripheral	
neuropathy,	
presence	of	
other	signs	of	
chemotherapy	
toxicity,	
tumour	
response	

University	
research	
foundation,	Japan	
Society	for	the	
Promotion	of	
Science,	TAIHO	
Pharmaceutical	
Co	Ltd.		

Kono	
(2013)	
	
	
	
	
	
	
	
	
	
	
	
	
	
		

89	(44:45)	 Japanese	
study	of	
colorectal	
cancer	
patients	

FOLFOX	 Goshajinkigan	 7.5g	oral	
Goshajinkigan	
daily	

Patients	seen	
before	each	
cycle	of	
chemotherapy,	
followed-up	
for	8	cycles	

Calcium	and	
magnesium	
infusions	

Grade	of	
peripheral	
neuropathy,	
presence	of	
other	signs	of	
chemotherapy	
toxicity,	
tumour	
response	

Epidemiological	
and	Clinical	
Research	
Information	
Network	funds	
	
	
	
	
	
	
	
	
	
	
	 	

153  



 

 
 

	 	

Author	
(year)	

Total	
number	
of	partici-
pants	
(treat-
ment:	no	
treat-
ment/	
placebo)	

Patient	
population	

Chemo-
therapy	
regime	

Intervention	 Frequency	of	
intervention	

Length	of	
intervention/	
follow-up	

Co-inter-
vention	

Outcome	
measures	
reported	

Sources	of	
funding	

Loprinzi	
(2014)	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
		

216	
(110:106)	

American	
study	of	
colorectal	
cancer	with	
curative	
intent	

FOLFOX	 Calcium	and	
magnesium	
supplementa-
tion	

Calcium	and	
magnesium	
oral	
supplement,	
dose	not	stated	

Patients	seen	
before	each	
cycle	of	
chemotherapy,	
answered	
questionnaires	
for	5	days	
during	each	
cycle,	up	to	12	
cycles	

None	 Grade	of	
peripheral	
neuropathy,	
presence	of	
calcium	or	
magnesium	
toxicity	

Sanofi-Aventis		

154 



 

 
 

Afonseca	
(2013)	

34	(18:16)	 Brazilian	
study	of	
colorectal	
cancer	
patients	

FOLFOX	
and	
XELOX	

Vitamin	E	
supplementa-
tion	

400mg	daily	
vitamin	E	

Unclear	how	
often	patients	
were	assessed,	
seemingly	at	
each	cycle,	
follow	up	
length	also	
unclear,	
seemingly	until	
the	end	of	
treatment	

Calcium	and	
magnesium	
infusions	

Grade	of	
peripheral	
neuropathy,	
presence	of	
other	signs	of	
chemotherapy	
toxicity	

None	

Author	
(year)	

Total	
number	
of	partici-
pants	
(treat-
ment:	no	
treat-
ment/	
placebo)	

Patient	
population	

Chemo-
therapy	
regime	

Intervention	 Frequency	of	
intervention	

Length	of	
intervention/	
follow-up	

Co-inter-
vention	

Outcome	
measures	
reported	

Sources	of	
funding	

Oki	(2015)	 182	
(89:93)	

Japanese	
study	of	
colorectal	
cancer	
patients	

FOLFOX	 Goshajinkigan	 7.5g	oral	
Goshajinkigan	
daily	

Patients	seen	
before	each	
cycle	of	
chemotherapy,	
followed-up	
for	12	cycles	

None	 Grade	of	
peripheral	
neuropathy,	
presence	of	
other	signs	of	
chemotherapy	
toxicity	

Tsumura&Co.	
(producer	of	
Goshajinkigan),	
Yaklult	Honsha		
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Kottschade	
(2012)	

50	(24:26)	 American	
study	of	
colorectal	
cancer	with	
curative	
intent	

FOLFOX	 Vitamin	E	
supplementa-
tion	

300mg	twice	
daily	vitamin	E	

Patients	seen	
before	each	
cycle	of	
chemotherapy	
and	at	1	and	6	
months	after	
completing	
chemotherapy	

None	 Grade	of	
peripheral	
neuropathy,	
presence	of	
other	signs	of	
chemotherapy	
toxicity	

Public	Health	
Service	Grants	

Wang	
(2007)	

86	(42:44)	 Taiwanese	
study	of	
metastatic	
colorectal	
cancer	
patients	

FOLFOX	 Glutamine	 15g	twice	daily	
oral	glutamine	
for	seven	
consecutive	
days	each	cycle,	
starting	on	the	
first	day	of	
FOLFOX	

Patients	seen	
every	2	cycles	
of	
chemotherapy	
and	followed	
to	6	cycles	

None	 Grade	of	
peripheral	
neuropathy,	
presence	of	
other	signs	of	
chemotherapy	
toxicity,	
tumour	
response	

Taipei	Veterans	
General	Hospital	
Grant,	Taiwan	
Clinical	Oncology	
Research	
Foundation	Grant	

Author	
(year)	

Total	
number	
of	partici-
pants	
(treat-
ment:	no	
treat-
ment/	
placebo)	

Patient	
population	

Chemo-
therapy	
regime	

Intervention	 Frequency	of	
intervention	

Length	of	
intervention/	
follow-up	

Co-inter-
vention	

Outcome	
measures	
reported	

Sources	of	
funding	

156 



 

 
 

Durand	
(2012)	

42	(20:22)	 French	study	
of	colorectal	
patients	
treated	with	
FOLFOX	
chemo-
therapy	with	
chemo-
therapy	
induced	
peripheral	
neuropathy	

FOLFOX	 Amitriptyline	 50mg	1hour	
prior	to	
Oxaliplatin	then	
37.5mg	twice	
daily	from	the	
next	day	until	3	
days	before	the	
next	cycle	

Patients	seen	
from	day	1	to	
day	5	of	every	
cycle	of	
chemotherapy	
and	again	at	3	
months	after	
completing	
treatment	

None	 Grade	of	
peripheral	
neuropathy,	
presence	of	
other	signs	of	
chemotherapy	
toxicity	

EUREKA	(an	
academic	
research	
foundation)	-
which	receives	
funds	from	
Sanofi-Aventis	

von	Delius	
(2007)	

36	(19:17)	 German	study	
of	patients	
with	
advanced	
colorectal	
cancer	

FUFOX	 Carbamazepine	 200mg	daily	
oral	
carbamazepine	
starting	6	days	
before	the	first	
dose	of	
Oxaliplatin	and	
increased	in	
200mg	steps	
until	plasma	
levels	of	4-
6mg/L	are	
reached	and	
doses	adjusted	
to	maintain	this	
level	

Patients	seen	
after	each	cycle	
of	
chemotherapy	
until	
completion	of	
chemotherapy	
regime	

None	 Grade	of	
peripheral	
neuropathy,	
presence	of	
carbamazepine	
toxicity,	
tumour	
response	

Sanofi-Aventis		

Author	
(year)	

Total	
number	
of	partici-
pants	
(treat-
ment:	no	
treat-
ment/	
placebo)	

Patient	
population	

Chemo-
therapy	
regime	

Intervention	 Frequency	of	
intervention	

Length	of	
intervention/	
follow-up	

Co-inter-
vention	

Outcome	
measures	
reported	

Sources	of	
funding	
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Zimmerma
n	(2016)	

43	(22:21)	 American	
study	of	
colorectal	
cancer	with	
curative	
intent	

FOLFOX	 Venlafaxine	 37.5mg	twice	
daily	oral	
venlafaxine	and	
followed	up	for	
12	months	after	
completing	
chemotherapy	

Patients	seen	
before	each	
cycle	of	
chemotherapy	
and	at	1,	3,	6	
and	12	months	
after	
completing	
chemotherapy	

None	 Grade	of	
peripheral	
neuropathy,	
presence	of	
venlafaxine	
toxicity,	
quality	of	life	

National	Cancer	
Institute	-	
various	grants	

Milla	
(2009)	

27	(14:13)	 Italian	study	
of	colorectal	
cancer	with	
curative	
intent	

FOLFOX	 Glutathione	 1500mg/m2	
glutathione	
infusion	prior	
to	each	cycle	of	
chemotherapy	
and	followed	
for	12	cycles	of	
chemotherapy	

Patients	were	
seen	after	the	
5th,	7th,	9th	
and	12th	
cycles	of	
chemotherapy	

None	 Grade	of	
peripheral	
neuropathy,	
blood	analysis	
of	platinum	
DNA-adducts	
and	pharmaco-
kinetics	

None	stated	

Author	
(year)	

Total	
number	
of	partici-
pants	
(treat-
ment:	no	
treat-
ment/	
placebo)	

Patient	
population	

Chemo-
therapy	
regime	

Intervention	 Frequency	of	
intervention	

Length	of	
intervention/	
follow-up	

Co-inter-
vention	

Outcome	
measures	
reported	

Sources	of	
funding	
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Chay	
(2010)	

19	(9:10)	 Singaporean	
study	of	
colorectal	
cancer	
patients	

FOLFOX	 Calcium	and	
magnesium	
supplementa-
tion	

1g	calcium	
gluconate	and	
1g	magnesium	
sulphate	
infusion	prior	
to	each	cycle	of	
chemotherapy,	
follow	up	
planned	by	3	
years	but	study	
was	terminated	
early	

Patients	were	
seen	at	every	
cycle	of	
chemotherapy	
and	planned	to	
be	seen	every	
3	months	for	3	
years	after	
completion	but	
study	
terminated	
early	

None	 Grade	of	
neuropathy	

Sanofi-Snythlabo	
Pte	Ltd	Eloxatin	
Clinical	Study	
Grant		

Cascinu	
(2002)	

18	(10:8)	 Italian	study	
of	colorectal	
cancer	
patients	

FOLFOX	 Glutathione	 1500mg/m2	
glutathione	
infusion	prior	
to	each	cycle	of	
chemotherapy	
and	followed	
for	12	cycles	of	
chemotherapy	

Patients	were	
seen	after	the	
4th,	8th	and	
12th	cycles	of	
chemotherapy	

None	 Grade	of	
peripheral	
neuropathy,	
presence	of	
other	signs	of	
chemotherapy	
toxicity,	
tumour	
response	

None	stated	
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Excluded	studies	

Characteristics	of	excluded	studies	are	reported	in	Appendix	I.	

	

8.4.2	Bias	Assessment	

Assessment	of	risk	of	bias	in	included	studies	

Methodological	quality	of	the	included	studies	was	generally	high.	Risk	of	bias	of	included	studies	

is	reported	in	the	following	figures.		

 

	

	

	

	

	

	

	

	

	

Figure	8.2:	Summary	of	risk	of	bias	of	included	studies.	
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Figure	8.3:	Table	to	risk	of	bias	assessment	of	included	studies	
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Allocation	(selection	bias)	

The	method	of	randomisation	was	clearly	described	and	of	good	quality	in	7	studies.194,	268,	272-276	

4	 studies	 stated	 their	 patient	 allocation	 as	 randomised	 but	 no	 method	 of	 randomisation	 was	

described.277-281	1	study	stated	that	their	patient	allocation	randomised	by	a	person	not	involved	

in	treatment	or	evaluation.282	

	

Masking	(performance	bias	and	detection	bias)	

The	overall	detection	of	bias	 in	 the	 included	studies	was	variable.	 	7	studies	were	described	as	

double-masked	and	provided	adequate	details	of	the	masking	procedure.194,	268,	272-275,	281	1	study	

stated	that	all	involved	in	the	study	were	masked,	but	did	not	state	if	the	investigators	analysing	

the	 data	 were	 masked.277	 2	 studies	 appears	 to	 be	 single-masked,	 with	 patients	 being	 clearly	

masked	but	no	indication	of	investigators	being	masked.276,	278	1	study	was	not	placebo	controlled	

and	while	investigators	were	masked,	it	did	not	state	whether	patients	were	masked.280	2	studies	

did	not	mention	masking	of	participants	or	investigators	and	was	not	placebo	controlled.279,	282	

	

Incomplete	outcome	data	(attrition	bias)	

All	 studies	accounted	 for	all	participants.	4	 studies	 reported	no	patient	dropout.273,	278,	279,	282	4	

studies	 reported	minimal	 dropout.194,	 274-276	 1	 study	 reported	 dropout	 of	 20-40%.272	 2	 studies	

reported	dropout	rates	of	above	50%.193,	280	1	study	were	terminated	early	due	to	the	results	from	

the	CONCePT	trial	that	suggested	their	treatments	resulted	in	lower	tumour	response	rates.268	1	

study	was	terminated	early	due	to	lack	of	results.281	
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Selective	reporting	(reporting	bias)	

Due	to	lack	of	access	to	the	original	study	protocols	for	each	study,	selective	reporting	could	not	be	

accurately	assessed.		

	

Other	potential	sources	of	bias	

3	studies	were	 funded	by	drug	companies	 that	manufacture	Oxaliplatin.274,	277,	282	 	 1	 study	was	

funded	by	trial	intervention	drugs.281	6	studies	reported	no	financial/conflict	of	interest.193,	194,	275,	

276,	278,	280		2	studies	did	not	provide	sufficient	information	to	ascertain	drug	company	involvement	

or	funding.272,	273	1	study	reported	manuscript	preparation	or	statistical	analysis	was	funded	by	a	

drug	company.268	1	study	was	funded	by	universities	or	research	foundations.279	

	

8.4.3	Effects	of	interventions	

Forest	plots	of	results	are	presented	below,	with	the	most	significant	results	being	presented	in	

this	text,	and	the	remaining	comparisons	in	Appendix	II.	

All	studies	graded	neuropathy	using	the	National	Cancer	Institute	Common	Terminology	Criteria	

for	Adverse	Events	 (NCI	CTCAE)	 to	classify	grades	of	neuropathy.	 In	order	 to	keep	consistency	

within	this	review,	this	grading	was	used	in	analysis	and	any	additional	Oxalipatin	specific	data	

measured	using	 the	Oxaliplatin	Specific	Neurotoxic	 scale	was	not	used	as	 this	 scale	was	 rarely	

reported.			
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Carbamazepine		

Primary	Outcome	

 

Figure	8.4:	Forest	plot	of	Grade	4	neuropathy	in	the	carbamazepine	study	

	

Only	one	study	investigating	the	effect	of	carbamazepine	on	Oxaliplatin	neuropathy	was	included	

in	 this	 review.282	 Patients	were	 treated	with	Oxaliplatin	 85mg/m2	 	 bi-weekly	with	 folinic	 acid.	

Carbamazepine	was	added	to	achieve	plasma	levels	of	4-6mg/L.282	

The	 overall	 mean	 cumulative	 dose	 of	 Oxaliplatin	 received	 by	 the	 carbamazepine	 group	 was	

611mg/m2	and	750mg/m2	for	the	control	arm.282Overall	there	is	a	suggestion	that	carbamazepine	

could	be	effective	in	reducing	Oxaliplatin	neuropathy,	but	the	sample	size	was	too	small	to	reach	

statistical	significance	and	so	conclusion	could	be	drawn.	

	

Secondary	Outcomes	

In	this	study	2	patients	discontinued	carbamazepine	due	to	side	effects.	This	included	dizziness,	

headaches,	memory	 problems	 and	 visual	 hallucinations.	 Both	 patients	 had	 resolution	 of	 these	

issues	after	discontinuing	carbamazepine.282	

The	 median	 progression-free	 survival	 was	 6.0	 months	 for	 the	 carbamazepine	 group	 and	 7.2	

months	for	control	patients.282	
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Antidepressants	(Venlafaxine	and	Amitriptyline)	

Primary	Outcome	

 

Figure	8.5:	Forest	plot	of	Grade	<2	neuropathy	in	antidepressant	studies	

 

 

Figure	8.6:	Forest	plot	of	Grade	>2	neuropathy	in	antidepressant	studies	

	

Two	 studies	 investigating	 the	 effect	 of	 antidepressant	 agents	 on	 the	 effect	 of	 Oxaliplatin	

neuropathy	were	included	in	this	review.	Kautio	et	al.	examined	the	effect	of	amitriptyline	on	a	

variety	of	chemotherapy	regimens,	including	oxaliplatin	but	specific	dosing	data	was	not	included.	

Data	specific	to	oxaliplatin	was	extracted	for	this	review.	The	dose	of	amitriptylline	was	started	at	

25mg	orally,	every	day	and	increased	by	25mg	each	day	until	a	treatment	dose	of	100mg/day	was	

reached.283	100mg/day	was	tolerated	well	by	all	except	one	patient	in	the	treatment	arm.	283	

Zimmerman	 et	 al	 examined	 the	 effect	 of	 venlafaxine	 on	 oxaliplatin	 neuropathy.276	 All	 patients	

received	Oxaliplatin	at	a	dose	of	85mg/m2		biweekly	and	commenced	venlafaxine	XR	at	a	dose	of	

37.5mg	twice	a	day	or	placebo	treatment	on	the	first	cycle.276		There	was	no	significant	difference	

found	between	the	two	arms	in	terms	of	the	severity	of	neuropathy	reported,	nor	in	the	time	until	

the	first	presentation	of	neuropathy.276	

Secondary	Outcomes	
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In	Kautio’s	study	of	amitriptyline,	results	regarding	the	side	effects	of	amitriptyline	were	reported	

as	 a	 whole	 group	 and	 not	 separated	 into	 chemotherapy	 regimens.	 Of	 the	 50	 patients	 in	 the	

treatment	group,	the	daily	dose	needed	to	be	reduced	to	25mg/day	in	one	patient	and	to	50mg/day	

in	13	patients.283	The	side	effects	reported	included	dry	mouth,	visual	disturbances,	fatigue	and	

constipation.283	Effects	of	amitriptyline	on	progression	free	survival	was	not	reported.		

Zimmerman	et	al	did	not	report	any	patients	suffering	from	venlafaxine	toxicity.276	Interestingly	

the	found	that	patients	in	the	placebo	group	had	a	larger	mean	cumulative	dose	of	oxaliplatin,	and	

a	larger	group	of	patients	in	the	placebo	group	did	not	require	a	dose	reduction	for	neuropathy,	

suggesting	that	venlafaxine	did	not	significantly	reduce	oxaliplatin	neuropathy.276	

	

Glutathione		

Primary	Outcome	

 

Figure	8.7:	Forest	plot	of	Grade	1	neuropathy	in	glutathione	studies	

 

Figure	8.8:	Forest	plot	of	Grade	3	neuropathy	in	glutathione	studies	

 

Both	studies	investigating	the	effect	of	glutathione	included	patients	treated	with	Oxaliplatin	with	

patients	in	Cascinu’s	study	treated	at	a	dose	of	100mg/m2	biweekly	and	Milla’s	study	at	a	dose	of	

85mg/m2	biweekly.272,	278	Both	Cascinu	et	al.	and	Milla	et	al.	administered	glutathione	at	a	dose	of	



 

 167 

1,500mg/m2	 in	 100mL	 of	 normal	 saline	 in	 a	 15	 minute	 infusion	 prior	 to	 administration	 of	

Oxaliplatin.272,	278	

Results	which	 reached	 statistical	 significance	 suggest	 that	while	 glutathione	 is	 not	 favoured	 in	

terms	of	protecting	lower	grades	of	neuropathy	(grade	0	and	1),	it	is	favoured	over	placebo	in	being	

protective	in	grade	3	neuropathy.		

	

Secondary	Outcomes	

Cascinu	did	not	report	any	evidence	of	glutathione	toxicity	in	the	treatment	arm,	with	the	median	

progression	free	survival	being	7	months	in	both	the	glutathione	and	placebo	arm.272	

Milla	et	al.	did	not	report	on	glutathione	toxicity	or	median	progression	free	survival,	but	showed	

evidence	that	the	administration	of	glutathione	did	not	affect	the	pharmacokinetics	of	oxaliplatin	

chemotherapy,	suggesting	that	glutathione	does	not	interfere	with	its	therapeutic	effect.278	

	

Vitamin	E		

Primary	Outcome	

 

Figure	8.9:	Forest	plot	of	Grade	2	neuropathy	as	reported	by	de	Afonseca	et	al.	in	Vitamin	E	studies	
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Figure	8.10:	 Forest	 plot	 of	Grade	<2	neuropathy	 as	 reported	by	Kottschade	 et	 al.	 in	Vitamin	E	
studies	

 

Figure	8.11:	 Forest	 plot	 of	Grade	>2	neuropathy	 as	 reported	by	Kottschade	 et	 al.	 in	Vitamin	E	
studies	

	

Two	 authors	 investigated	 the	 effect	 of	 Vitamin	 E	 supplementation	 on	 chemotherapy	 induced	

neuropathy.	 Data	 specific	 to	 oxaliplatin	 was	 extracted	 but	 exact	 dosing	 information	 was	 not	

provided.	Afonseca	et	al.	randomised	patients	to	receive	400mg	of	oral	vitamin	E	supplementation	

daily	or	placebo	in	a	variety	of	chemotherapy	regimens.273		Overall	Afonseca	et	al.	concluded	that	

there	was	no	evidence	to	show	that	vitamin	E	supplementation	was	helpful	in	reducing	oxaliplatin	

neuropathy.		

Kottschade	et	al.	randomised	patients	to	receive	300mg	of	oral	vitamin	E	twice	a	day	or	placebo.275	

This	 study	 concurred	with	 Afonseca	 et	 al.	 and	 overall	 found	 there	was	 no	 effect	 of	 vitamin	 E	

supplementation	in	reducing	oxaliplatin	neuropathy.275	

	

Secondary	Outcomes	

Neither	study	reported	any	toxicity	to	vitamin	E	supplementation	and	did	not	report	on	median	

progression	free	survival.273,	275	
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Goshajinkigan	

Primary	Outcome	

 

Figure	8.12:	Forest	plot	of	Grade	<2	neuropathy	in	Goshajinkigan	studies	

 

 

Figure	8.13:	Forest	plot	of	Grade	>2	neuropathy	in	Goshajinkigan	studies	

	

This	 review	 included	3	 Japanese	 studies	 investigating	 the	 effect	 of	 Goshajinkigan,	 a	 traditional	

Japanese	herbal	medicine,	on	oxaliplatin	neuropathy.		

Oki	 et	 al.	 randomised	patients	 to	 receive	7.5mg	of	oral	Goshajinkigan	or	placebo	 three	 times	a	

day.281	Oxaliplatin	dosing	was	85mg/m2	biweekly.	They	found	the	incidence	of	grade	2	or	greater	

neurotoxicity	 was	 50.6%	 in	 the	 treatment	 group	 and	 31.2%	 in	 the	 placebo	 group,	 with	 this	

difference	 being	 statistically	 significant.	 However,	 Oki	 et	 al.	 concluded	 that	 Goshajinkigan	 is	

potentially	 associated	with	worsening	 neuropathy,	 therefore	 the	 study	was	 terminated	 before	

completion.281	

Kono	et	al.	randomised	patients	to	receive	7.5mg	of	Goshajinkigan	daily	or	placebo	with	oxaliplatin	

dosed	at	both	85mg/m2	or	100mg/m2	biweekly	but	unlike	Oki’s	study,	this	trial	included	a	group	

of	patients	also	receive	bevacizumab.194	They	found	that	Goshajinkigan	delayed	the	onset	of	grade	
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2	neuropathy	and	also	reduced	the	incidence	of	grade	2	neuropathy,	overall	favouring	treatment	

with	Goshajinkigan.194	

Nishioka	 et	 al.	 randomised	 patients	 to	 received	 7.5mg	 of	 Goshajinkigan	 daily	 or	 placebo	with	

oxaliplatin	dosed	 at	 85mg/m2	biweekly.280	 They	 showed	 that	 there	was	no	difference	 in	 lower	

neuropathy	between	the	two	groups	but	the	treatment	group	had	a	lower	incidence	of	higher	grade	

neuropathy,	favouring	treatment.280	

	

Secondary	Outcomes		

Oki	et	al.	terminated	the	study	early	but	Goshajinkigan	appeared	to	be	well	tolerated	by	patients	

and	the	treatment	group	had	a	slightly	higher	cumulative	total	dose	of	oxaliplatin	compared	to	the	

placebo	group.281	Progression	free	survival	was	not	reported.			

Kono	 et	 al.	 reported	 that	 Goshajinkigan	 was	 well	 tolerated	 and	 did	 not	 affect	 oxaliplatin’s	

therapeutic	effect.194	

Nishioka	et	al.	also	reported	that	Goshajinkigan	was	well	tolerated,	did	not	have	an	effect	on	the	

overall	 cumulative	 dose	 of	 oxaliplatin	 received	 and	 did	 not	 have	 an	 effect	 on	 progression	 free	

survival	compared	to	the	placebo	group.280	
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Calcium	and	magnesium	infusions		

Primary	Outcome	

 

Figure	8.14:	Forest	plot	of	Grade	<2	neuropathy	in	calcium	and	magnesium	studies	

 

 

Figure	8.15:	Forest	plot	of	Grade	>2	neuropathy	in	calcium	and	magnesium	studies	

	

Calcium	 and	 magnesium	 infusions	 have	 long	 been	 suggested	 to	 be	 beneficial	 to	 reducing	

chemotherapy	 induced	 peripheral	 neuropathy.	 Two	 studies	 were	 included	 in	 this	 review	 that	

investigated	 the	 effect	 of	 calcium	 and	 magnesium	 infusions	 on	 oxaliplatin	 chemotherapy	

specifically.	

Loprinzi	et	al.	 is	 the	 largest	study	 included	 in	 this	review	and	 included	three	groups,	a	placebo	

group,	a	treatment	group	and	a	group	that	received	treatment	during	chemotherapy	and	placebo	

afterwards.268	For	the	purposes	of	this	review,	to	maintain	consistency	across	the	studies,	the	third	

group	was	not	added	to	data	analysis.		Patients	received	oxaliplatin	at	a	dose	of	85mg/m2	biweekly.	

1g	each	of	calcium	and	magnesium	was	added	to	100mL	of	dextrose	saline	and	this	was	given	as	

an	infusion	immediately	prior	to	and	after	each	oxaliplatin	infusion.268	Calcium	and	magnesium	

infusion	were	not	found	to	have	any	effect	in	reducing	oxaliplatin	neuropathy.268	
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Chay	 et	 al.	 used	 the	 same	 dosing	 regimen	 of	 calcium	 and	 magnesium	 infusion	 and	 the	 same	

oxaliplatin	dosing	regimen.277	This	study	appeared	to	slightly	favour	the	infusions	at	lower	grades	

of	neuropathy	but	was	terminated	early	due	to	the	early	results	of	the	CONcePT	trial	that	suggested	

calcium	and	magnesium	infusions	lowered	tumour	response	rates	to	oxaliplatin	chemotherapy.277,	

284	

	

Secondary	Outcomes	

Loprinzi	et	al.	did	not	report	any	adverse	effects	related	to	calcium	and	magnesium	infusions,	or	

any	effect	on	progression	free	survival.268Chay	et	al.	did	not	find	any	adverse	effects	due	to	calcium	

and	magnesium	infusions	but	was	terminated	early,	as	stated	above.277	

	

Glutamine		

Primary	Outcome	

 

Figure	8.16:	Forest	plot	of	Grade	3-4	neuropathy	in	the	glutamine	study	

	

One	study	in	this	review	investigated	the	effect	of	glutamine	on	oxaliplatin	neuropathy.	Wang	et	al.	

used	oral	glutamine,	15g	twice	a	day	for	7	consecutive	days,	starting	on	the	day	of	chemotherapy.279	

The	dose	of	oxaliplatin	was	85mg/m2	biweekly.	Glutamine	was	found	to	 lower	the	 incidence	of	

oxaliplatin	neuropathy	across	all	grades	of	neuropathy.279	
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Secondary	Outcomes	

Wang	et	al.	 reported	 that	oral	glutamine	was	well	 tolerated,	did	not	affect	 tumour	response	or	

progression	free	survival.	279	

	

Treatment	success	

For	the	primary	outcome	of	presence	or	grade	of	neuropathy,	we	calculated	a	treatment	effect	for	

each	 intervention	 and	 expressed	 in	 the	 form	 of	 risk	 ratios.	 Treatment	 success	was	 defined	 as	

reduced	risk	of	developing	Oxaliplatin	induced	peripheral	neuropathy.	Risk	ratios	are	expressed	

in	the	following	tables	for	each	agent	investigated	and	can	be	found	in	appendix	II.		

Overall,	 this	 review	 found	 evidence	 that	 only	 glutamine	 and	 glutathione	 may	 be	 useful	 in	

preventing	oxaliplatin	neuropathy.		

	

8.5	Discussion	

Perhaps	surprisingly,	this	review	of	high	quality	RCTs	of	the	effectiveness	of	various	interventions	

in	the	treatment	and	prevention	of	Oxaliplatin	induced	peripheral	neuropathy	did	not	identify	any	

consistent	evidence	 that	any	agent	 investigated	was	effective.	All	 treatments	 investigated	were	

well	 tolerated	without	significant	side	effects.	Ultimately,	many	of	 the	agents	 investigated	were	

assessed	 in	 single	 studies,	 and	 it	 is	 difficult	 to	 draw	 definitive	 conclusions	 without	 further	

supporting	evidence.		

	

Quality	of	the	evidence	

The	methodological	quality	of	the	included	studies	was	moderately	high.	Nine	studies	adequately	

described	appropriate	methods	of	randomisation	and	allocation	concealment	was	well	described	



 

 174 

and	appropriate	in	ten	studies.	These	ten	studies	were	double-masked.	Loss	to	follow-up	was	a	

significant	issue	in	four	studies	that	reported	drop-out	rates	of	more	than	20%,	with	two	of	these	

studies	having	drop-out	rates	of	greater	than	50%.	In	addition,	there	were	two	further	studies	that	

needed	to	be	terminated	early	due	to	concerns	about	tumour	response	and	lack	of	response	to	the	

intervention.		

	

One	study	reported	funding	from	a	pharmaceutical	company	producing	the	intervention	drug,	and	

one	study	reported	manuscript	preparation	and	statistical	analysis	funding	from	a	pharmaceutical	

company.	Two	 studies	did	not	 contain	 enough	 information	 to	determine	 sources	of	 funding	or	

potential	conflicts	of	interest.	However,	these	conditions	may	raise	the	prospect	of	potential	bias	

in	reporting	as	noted	earlier.	

	

Potential	biases	in	the	review	process	

Although	included	studies	varied	in	intervention,	it	is	important	to	note	that	all	were	consistent	in	

the	Oxaliplatin	treatment	regime.	This	is	a	standard	regime	where	the	dose	delivered	is	based	on	

the	 body	 weight	 of	 each	 patient.	 Each	 study	 also	 involved	 using	 the	 treatment	 intervention	

throughout	 the	 entire	 course	 of	 the	 chemotherapy	 regime	with	monitoring	 of	 any	 therapeutic	

response	at	varying	intervals	throughout	the	study.	All	studies	recruited	patients	from	Oncology	

departments	 from	hospitals	 around	 the	world,	 and	 all	 patients	 recruited	were	 diagnosed	with	

colorectal	cancer	and	were	all	chemotherapy	naïve	to	be	included.	Asymmetry	was	not	detected	in	

the	funnel	plot	of	included	studies,	indicating	the	absence	of	publication	bias.		
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Agreements	and	disagreements	with	other	studies	or	reviews	

The	findings	of	this	systematic	review	largely	agree	with	the	observations	of	a	previous	Cochrane	

review	 investigating	 the	 effectiveness	 of	 treatments	 for	 Cisplatin	 induced	 peripheral	

neuropathy.136	Cisplatin	is	also	a	platinum	derivative	chemotherapy	agent.	Albers	et	al	found	that	

interventions	traditionally	used	to	treat	neuropathic	pain	were	not	entirely	effective	in	treating	

Cisplatin	 induced	peripheral	neuropathy.136	Unfortunately,	 aside	 from	 this	Cochrane	 review	by	

Albers,	there	are	no	other	large	systematic	review	investigating	treatment	of	Oxaliplatin	induced	

peripheral	neuropathy.136	

	

Treatment	of	chemotherapy	induced	peripheral	neuropathy	is	a	challenging	topic	as	there	is	no	

unifying	 cause	 for	 this	 neuropathy.	 Each	 class	 of	 chemotherapy	 agent	 has	 its	 own	 proposed	

mechanism	by	which	peripheral	neuropathy	is	caused,	with	this	mechanism	being	distinct	from	its	

antineoplastic	effect	and	usually	multi-factorial.	This	variation	in	pathogenesis	creates	challenges	

in	 treatment,	 implying	 that	 each	 class	 of	 chemotherapeutic	 agent	 may	 need	 its	 own	 targeted	

approach	to	treat	its	associated	peripheral	neuropathy.	This	same	variation	also	makes	studies	of	

different	chemotherapy	agents	incomparable.		

	

Our	 systematic	 review	 did	 not	 find	 any	 compelling	 evidence	 that	 any	 of	 the	 interventions	

successfully	reduced	the	incidence	of	Oxaliplatin	induced	peripheral	neuropathy.	Whilst	none	of	

the	studies	included	in	our	analysis	could	definitively	state	that	their	treatment	intervention	was	

helpful	in	treating	Oxaliplatin	induced	peripheral	neuropathy,	some	studies	suggested	that	their	

interventions	warranted	further	investigation.		
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The	only	 intervention	 included	 in	our	meta-analysis	 that	we	believe	showed	such	promise	was	

Glutathione.	Upon	further	searches	of	the	literatures,	very	few	further	studies	were	identified.	It	is	

not	known	why	this	potentially	promising	approach	was	not	investigated	in	subsequent	clinical	

trials.		

	

There	was	very	little	consistency	with	which	side	effects	of	potential	agents	were	reported.	Few	

authors	formally	reported	the	potential	effect	on	tumour	response.		

	

Ultimately,	as	highlighted	 in	this	systematic	review,	 it	appears	to	date	that	 there	 is	no	effective	

treatment	 for	 Oxaliplatin	 induced	 peripheral	 neuropathy.	 In	 the	 context	 of	 the	 increasing	

worldwide	incidence	of	colorectal	cancer	and	common	use	of	oxaliplatin	in	treatment,	the	search	

for	a	way	to	prevent	the	occurrence	of,	or	minimise	the	severity	of,	peripheral	neuropathy	remains	

paramount.	Therefore	using	non-invasive	methods	such	as	IVCM	of	the	corneal	sub-basal	nerve	

plexus	 (as	 highlighted	 elsewhere	 in	 this	 thesis)	 to	 objectively	 assess	 corneal	 innervation	 as	 a	

surrogate	for	peripheral	neuropathy,	is	becoming	ever-more	important.8	

	

	

	

	

	

	

	



 

 177 

	
	
	

Chapter	9:	Conclusions	
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9.1	Introduction	

The	 inter-related	 clinical	 and	 laboratory	 components	of	 this	 research	 thesis	deal	with	 two	key	

medical	issues	that	are	both	becoming	increasingly	relevant	to	physicians	of	today	–	cancer	and	its	

treatment.	All	treatments	are	associated	with	side	effects	and	the	side-effects	of	chemotherapy	are	

typically	 greater	 than	 other	 systemic	 drugs.	 Thus	management	 plans	 have	 been	 attempted	 to	

minimise	 effective	 doses	 and	 also	 minimise	 side-effects.	 Part	 of	 that	 management	 includes	

assessment	and	monitoring	of	side-effects.		

	

When	I	embarked	upon	this	group	of	studies,	almost	four	years	ago,	I	hoped	to	combine	laboratory	

techniques,	 clinical	 observation,	 objective	 in	 vivo	 assessment	 and	 consideration	 of	 practical	

application	to	add	to	our	knowledge	of	Oxaliplatin	and	the	development	of	peripheral	neuropathy.	

Along	the	way	I	also	became	interested	 in	 the	effect	 that	 tumour	 irradiation	might	have	on	the	

corneal	nerves	and	thus	my	thesis	went	full	circle	from	looking	at	the	cornea	as	a	surrogate	for	

peripheral	 neuropathy	 in	 the	 treatment	 of	 systemic	 disease,	 to	 directly	 assessing	 the	 effect	 of	

irradiation	of	ocular	tumours	on	the	corneal	sub-basal	nerve	plexus.	Along	this	journey	I	hope	this	

work	 has	 contributed	 some	 useful	 knowledge	 to	 a	 complex	 field	 and	 I	 highlight	 areas	 that	 I	

consider	of	importance	hereafter.	

	

As	noted	in	the	early	chapters	of	this	thesis,	the	worldwide	incidence	of	cancer	is	increasing	over	

time.	Specifically,	both	colorectal	cancer	and	its	management	and	ocular	cancers	will	become	more	

frequent	challenges	to	health	practitioners.80,	82,	83,	285-287	Colorectal	cancer	is	undeniably	rising	in	

incidence	across	the	developed	world	and,	with	the	 increasing	population	of	 the	world	and	the	

rapidly	aging	population,	is	going	to	exert	an	ever-growing	burden	on	our	healthcare	workforce	

and	healthcare	budget.		
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Despite	medical	advances,	Oxaliplatin	remains	the	worldwide	gold	standard	treatment,	for	gastro-

intestinal	 tumours	 but	 unfortunately	 is	 linked	 inextricably	 with	 a	 dose	 limiting	 peripheral	

neuropathy.	While	the	financial	burden	of	this	can	be	estimated,	the	toll	taken	on	the	quality	of	life	

of	the	ever-increasing	number	of	colorectal	cancer	survivors	is	much	harder	to	quantify.	Medical	

researchers	 around	 the	 world	 are	 working	 to	 establish	 a	 method	 of	 treating	 this	 potentially	

crippling	 peripheral	 neuropathy,	 but	 are	 yet	 to	 find	 a	 reliable	 agent.	 Therefore	 it	 is	 equally	

important	 that	 all	 efforts	 are	 also	 made	 to	 investigate	 ways	 of	 preventing	 the	 occurrence	 of	

Oxaliplatin	induced	peripheral	neuropathy	and	the	early	treatment	termination	that	it	causes.	As	

the	often-reiterated	health	slogan	goes,	prevention	is	better	than	cure.		

 
Ex	 vivo	 confocal	microscopy	 has	 been	 used	 by	 laboratory	 scientists	 for	many	 years,	 providing	

detailed	en	face	imaging	to	tissue	specimens.	It’s	more	recent	foray	into	clinical	medicine	in	the	

form	of	 in	vivo	confocal	microscopy	 remains	a	primarily	Ophthalmological	 tool.	The	promising	

application	of	 this	 to	diabetes	 research	has	 led	 to	many	groups	 investigating	 its	use	 in	 a	more	

multidisciplinary	 way,	 hoping	 that	 corneal	 nerve	 microstructure	 changes	 will	 lead	 to	

breakthroughs	in	how	we	assess	neuropathy.	

	

9.2	Summary	of	findings	of	studies	

Chapter	4:	Immunohistochemistry	of	Oxaliplatin	treated	mouse	corneas		

	
To	assess	the	potential	of	using	the	murine	model	to	measure	Oxaliplatin	corneal	nerve	toxicity,	I	

undertook	the	immunohistochemistry	of	Oxaliplatin	treated	mouse	corneas	study	highlighted	in	

Chapter	four.	This	work	includes	a	novel	method	of	immunohistochemically	staining	the	mouse	

corneal	nerve	plexus	and	established	a	novel	immunohistochemistry	protocol	by	which	the	corneal	

nerves	of	the	mouse	can	be	successfully	labelled	and	imaged.		
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While	mouse	cornea	numbers	were	small	and	no	definitive	conclusions	can	be	drawn,	there	is	a	

suggestion	that	Oxaliplatin	chemotherapy	does	reduce	corneal	nerve	density,	and	Ergothioniene	

does	not	have	a	protective	effect	on	preserving	corneal	nerve	density.	It	is	difficult	to	comment	on	

if	 this	 finding	 has	 any	 reflection	 on	 Ergothioniene’s	 potential	 neuroprotective	 properties	 and	

potential	role	in	treating	Oxaliplatin	induced	peripheral	neuropathy.		

	

As	 the	mouse	model	 is	 an	 easily	 accessible	 animal	model	 to	most	 researchers,	 future	 research	

directions	could	potentially	increasingly	use	a	mouse	model	to	establish	the	exact	mechanism	of	

peripheral	neuropathy,	or	investigate	its	treatment.		

 
	

Chapter	5:	The	COCO	Study	
	

Several	groups	have	considered	the	possibility	of	using	IVCM	as	a	method	of	monitoring	Oxaliplatin	

induced	peripheral	neuropathy,	and	even	predicting	its	onset	and	therefore	allowing	clinicians	the	

opportunity	to	individually	tailor	chemotherapy	regimens	to	prevent	its	onset.	This	is	not	only	a	

quality	of	life	issue	for	colorectal	cancer	survivors,	but	is	a	potential	survival	issue	for	those	unable	

to	 complete	 their	 chemotherapy	 regime.	 Early	 dose	 reduction	 of	 Oxaliplatin,	 and	 a	 lower	

cumulative	dose	is	thought	to	be	the	only	known	factor	associated	with	reduction	of	peripheral	

neuropathy.	 It	 was	 hoped	 that	 IVCM	would	 be	 able	 to	 provide	 a	 reliable,	 objective	method	 of	

measuring	peripheral	neuropathy,	and	even	used	to	tailor	dose	reductions.		

	

Previous	smaller	studies	have	suggested	that	corneal	nerve	density	measured	by	IVCM	could	be	an	

ideal	surrogate	marker.	 It	was	hypothesized	 that	patients	more	affected	by	Oxaliplatin	 induced	

peripheral	neuropathy	would	have	correspondingly	lower	corneal	nerve	densities	compared	with	

their	baseline,	pre-chemotherapy,	measurements.	These	hypotheses	are	based	on	 the	now	vast	
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evidence	 base	 showing	 a	 similar	 relationship	 between	 diabetic	 neuropathy	 and	 corneal	 nerve	

density.		

	

The	COCO	study	has	not	found	such	a	definitive	relationship	between	corneal	nerve	density	and	

peripheral	neuropathy,	and	 therefore	cannot	conclude	 that	 this	 is	a	 safe	and	reliable	surrogate	

biomarker.		

	

The	same	previous	smaller	studies	also	reported	cases	of	vision	 loss,	 colour	vision	deficits	and	

optic	 nerve	 dysfunction	 attributed	 to	 Oxaliplatin.	 None	 of	 the	 patients	 in	 the	 COCO	 study	

experienced	 these	 ocular	 toxicities	 and	 so	 COCO	 has	 not	 been	 able	 to	 shed	more	 light	 on	 the	

possible	pathogenesis	of	these	Oxaliplatin	ocular	toxicities.		

	

Perhaps	the	reason	for	this	is	that	the	mechanism	of	Oxaliplatin	induced	peripheral	neuropathy	

does	not	affect	the	peripheral	nervous	system	as	ubiquitously	as	diabetes	mellitus.	It	also	poses	

the	 possibility	 of	 either	 colorectal	 cancer	 having	 an	 unknown	 paraneoplastic	 effect	 on	 corneal	

nerves,	 or	 indeed	 peripheral	 nerves.	 The	 coasting	 effect	 of	 Oxaliplatin	 induced	 peripheral	

neuropathy,	its	ability	to	develop	after	treatment	as	terminated,	and	its	ability	to	disappear	over	

time	 suggests	 a	more	 complex	 relationship	 than	what	 exists	between	diabetes	mellitus	 and	 its	

associated	peripheral	neuropathy.			

	

While	Oxaliplatin	 induced	peripheral	 neuropathy	 affects	 the	 vast	majority	 of	 patients,	 it	 is	 not	

known	what	factors	predispose	a	patient	to	developing	the	neuropathy,	or	indeed	what	individual	

factors	are	protective	in	those	who	never	develop	the	neuropathy.	The	lack	of	medical	knowledge	

of	risk	factors	may	be	a	contributing	factor	to	the	variability	in	reported	trials	of	medical	treatment	

of	Oxaliplatin	 induced	peripheral	neuropathy.	 It	 is	possible	 that	 further	research	 into	 the	exact	

pathogenesis	and	risk	factors	is	needed	to	provide	more	targeted	treatment.		
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Chapter	6:	In	vivo	confocal	microscopy	–	clinician	usability	study	

	
The	clinical	application	of	IVCM	images	into	non-ophthalmic	clinical	settings	was	investigated	by	

this	thesis.	This	is	an	important	issue	to	consider	if	IVCM	is	going	to	become	an	emerging	research	

and	clinical	tool	and	used	across	different	medical	disciplines.		

	

The	concept	of	IVCM	images	and	what	they	represent	was	easily	understood	by	non-ophthalmic	

clinicians	 and	 ophthalmic	 nurse	 practitioners	 and	 specialists.	 On	 the	whole,	most	 participants	

could	 easily	 identify	 very	 low	 corneal	 nerve	 densities	 and	 also	 high	 corneal	 nerve	 densities.	

Borderline	cases	proved	to	be	more	challenging	and	less	well	identified	across	the	board.	It	seems	

as	 though	IVCM	imaging	can	be	readily	accepted	 into	clinical	practice,	but	 further	 investigation	

needs	to	be	done	into	the	exact	reporting	method	of	the	corneal	nerve	densities	as	simply	providing	

images	may	not	be	sufficient.		

	
	
Chapter	7:	Ocular	Melanoma	and	Radioactive	plaque	therapy	
 
This	 thesis	 has	 also	 investigated	 corneal	 nerve	 microstructure	 changes	 related	 to	 radioactive	

plaque	treatment	for	ocular	melanomas.	This	study	agreed	with	previous	work	that	radioactive	

plaque	treatment	dramatically	reduces	corneal	sub-basal	nerve	density,	but	unlike	the	previous	

study,	not	all	patients	in	this	thesis	experienced	a	total	loss	of	corneal	nerve	density.232	

	

While	in	these	cases,	the	primary	goal	is	to	eradicate	the	tumour,	this	information	adds	to	clinical	

knowledge	 that	 corneal	 nerves	 are	 severely	 affected	 by	 radiation,	 and	 so	 corneal	 neuropathy	

should	not	be	forgotten	in	the	clinical	setting	of	ocular	tumours.		

 
 
Chapter	8:	Systematic	Review	of	Treatment	of	Oxaliplatin	induced	peripheral	neuropathy	
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Literature	 shows	 that	 many	 researchers	 are	 investigating	 potential	 treatments	 for	 Oxaliplatin	

induced	 peripheral	 neuropathy.	 The	 treatments	 have	 varied	 between	 traditional	 medicine	 to	

known	 treatments	 for	 other	 causes	 of	 peripheral	 neuropathy,	 to	 novel	 treatments	 and	

supplements.	This	thesis	has	shown	that	while	some	small	studies	may	have	suggested	some	effect,	

overall	there	is	no	reliable	and	widely	accepted	method	of	treating	Oxaliplatin	induced	peripheral	

neuropathy.	Currently	the	FDA	does	not	recommend	any	agent	as	being	effective	for	treatment	of	

this	neuropathy.		

	

This	 thesis	 has	 shown	 that	 IVCM	 is	 an	 imaging	 modality	 that	 is	 easy	 for	 non-ophthalmology	

clinicians	to	understand	and	accept.	It	could	potentially	provide	clinically	useful	information	that	

is	relevant	for	day	to	day	clinical	practice.	If	an	effective	application	was	determined,	it	could	be	

introduced	into	routine	clinical	practice	although	the	exact	reporting	methods	of	the	results	and	

the	bridging	into	clinical	practice	would	need	to	be	established.		

	

It	 is	 becoming	 more	 widely	 accepted	 that	 corneal	 neuropathy	 may	 have	 many	 systemic	

correlations	that	would	aid	a	range	of	clinicians	in	diagnosis	and	treatment	of	disease	in	their	field	

of	expertise.		

	

	

9.3	Future	directions	

	

It	 must	 be	 the	 conclusion	 of	 this	 thesis	 that	 the	 search	 for	 an	 answer	 to	 Oxaliplatin	 induced	

peripheral	 neuropathy	 continues.	 With	 no	 known	 cure,	 and	 no	 clearly	 promising	 surrogate	

biomarker,	 future	 research	 directions	 may	 include	 further	 clinical	 trials	 into	 agents	 that	 may	

potentially	be	able	to	treat	peripheral	neuropathy.	
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This	thesis	adds	to	the	growing	body	of	medical	evidence	attesting	to	the	utilisation	of	IVCM	in	

visualising	the	corneal	nerve	plexus	and	the	ease	with	which	it	can	integrated	into	both	clinical	

practice	and	clinical	research.	While	 its	current	use	 is	 largely	 limited	to	research	purposes	and	

Ophthalmologists,	it	can	easily	be	implemented	by	non-Ophthalmic	clinicians	when	its	clinical	role	

is	more	clearly	defined	by	future	researchers.		

	

For	many	years,	ex	vivo	confocal	microscopy	has	been	used	by	researchers	worldwide	to	image	

tissue	samples,	providing	high	magnification	and	resolution	to	enable	laboratory	based	research	

and	 en	 face	 imaging	 of	 ex	 vivo	 samples.	 The	more	 recent	 development	 of	 an	 in	 vivo	model	 of	

confocal	microscopy	has	allowed	en	face	imaging	and	enhanced	optical	sectioning	of	living	tissue,	

enabling	the	study	of	healthy	and	diseased	states	of	 living	tissue	and	monitoring	of	therapeutic	

responses.	 Currently	 both	 in	 vivo	 and	 ex	 vivo	 confocal	microscopy	 are	well	 accepted	 research	

modalities,	but	in	vivo	imaging	has	begun	to	transition	into	clinical	practice.		

	

It	 cannot	be	 ignored	 that	 recently	 there	has	been	a	 rapidly	expanding	 trend	of	using	biological	

agents	to	treat	various	medical	conditions,	colorectal	cancer	included.	Currently	in	New	Zealand,	

bevacizumab,	 otherwise	 known	 as	 Avastin,	 is	 available	 in	 the	 private	 healthcare	 sector	 as	 an	

adjunct	to	Oxaliplatin	chemotherapy	and	has	been	shown	to	convey	a	slight	survival	benefit.	It	has	

yet	to	be	funded	for	use	in	the	public	sector.		

	

Avastin	has	been	used	for	many	years	“off-label”	as	an	intravitreal	injection	for	the	treatment	of	

diabetic	maculopathy	and	wet	macular	degeneration.	It’s	not	known	what	effect	Avastin	has	on	the	

corneal	nerve	plexus,	or	how	it	may	interact	with	Oxaliplatin	to	affect	peripheral	neuropathy.288,	

289It	is	not	known	to	cause	peripheral	neuropathy	on	its	own.		
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With	the	increasing	number	of	biological	agents	entering	the	pharmaceutical	industry	as	targeted	

immunotherapy	 towards	 various	 cancers,	 it	 is	 possible	 that	 the	 future	 treatment	 of	 colorectal	

cancer	 may	 shift	 away	 from	 conventional	 Oxaliplatin	 chemotherapy.	 However,	 it	 may	 be	

postulated	that	Oxaliplatin	will	always	have	a	role	in	treatment	of	colorectal	cancer.	Despite	initial	

enthusiasm	at	the	introduction	of	biological	agents	such	as	Keytruda	for	skin	melanomas,	there	

remains	 a	 subset	 of	 patients	 who	 respond	well	 to	 conventional	 chemotherapy,	 and	 there	 is	 a	

growing	number	of	patients	who	are	deemed	to	be	non-responsive	to	Pembrolizumab	(Keytruda),	

or	with	serious	side	effects.290-292	

	

Therefore,	there	are	many	benefits	of	finding	a	solution	to	Oxaliplatin	neuropathy	–	many	studies	

have	found	there	is	a	profound	economic	and	social	cost	to	society,	in	addition	to	the	emotional	toll	

of	the	diagnosis	and	treatment	of	CRC	on	individual	patients.	The	systematic	review	in	this	thesis	

has	established	that	there	 is	no	effective	medical	 treatment	 for	neuropathy	–	research	 into	this	

need	to	continue,	but	investigation	into	potential	preventative	it	also	needs	to	be	at	the	forefront	

of	research.	For	the	moment,	dose	reduction	of	Oxaliplatin	remains	the	mainstay	of	 treating	 its	

neuropathy.	

	

Future	 cancer	 research	 faces	 many	 challenges.	 The	 diagnosis	 and	 treatment	 journey	 is	 a	

demanding	and	strenuous	one	for	the	patients	and	their	support	system.	It	often	involves	a	sudden	

and	 unexpected	 change	 to	 life’s	 usual	 routine	 and	 can	 be	 emotionally,	 physically	 and	 at	 times	

financially	 difficult.	 Researchers	 need	 to	 consider	 utilising	 technology	 such	 as	 in	 vivo	 confocal	

microscopy	to	provide	rapid	and	less	invasive	methods	of	gathering	information	now	to	minimise	

impact	on	patients’	lives.	The	current	role	of	IVCM	in	cancer	research	is	unclear,	with	conflicting	

findings	from	different	groups,	only	further	research	will	define	its	role	in	future	clinical	practice.		
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On	a	broader	view,	this	PhD	thesis	highlights	the	importance	of	clinical	research	in	general,	and	

the	multidisciplinary	future	of	medicine.	The	completion	of	this	thesis	involved	the	co-operation	

of	 several	 different	 branches	 of	 medicine:	 Ophthalmology,	 Oncology,	 Endocrinology	 and	

Neurology.	Research	modalities	such	as	IVCM	which	previously	had	been	thought	of	as	having	a	

primarily	ophthalmological	application	is	now	being	investigated	as	a	tool	by	other	specialties	and	

undoubtedly	future	research	will	involve	further	collaboration	between	disciplines	to	conduct.		

This	general	broadening	of	medical	research	into	other	modalities	and	specialities	is	also	reflected	

in	the	systematic	review,	with	various	groups	investigating	effects	of	traditional	medications	and	

nutritional	 supplements.	 With	 an	 increasing	 global	 move	 towards	 alternative	 medicine	 and	

supplementation,	the	exact	effect	of	these	agents	needs	to	be	determined,	whether	it	be	beneficial	

or	harmful	to	Oxaliplatin	neuropathy.	It	is	possible	that	what	are	considered	“natural	therapies”	

may	one	day	be	 incorporated	 into	 treatment	regimens.	The	COCO	study	came	 into	contact	 into	

several	 patients	who	 declined	 chemotherapy	 for	 alternative	 treatments,	 and	 investigation	 into	

these	therapies	may	encourage	this	group	of	patients	to	engage	with	the	medical	profession	and	

take	part	in	evidence	based	chemotherapy	as	well	as	keeping	true	to	their	own	health	views.	It	is	

important	 for	 researchers	 to	 remain	open	minded	 in	 their	 search	 for	a	 solution	 to	 the	 issue	of	

chemotherapy	induced	peripheral	neuropathy.		
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Appendix	I:	Systematic	review	
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Characteristics	of	excluded	studies	

Author	 Reason	for	exclusion	 Agent	

Brouwers293	 Prospective	study	on	evaluating	neuropathy	 Glutathione	

Huang294	 Adjunct	treatment	 Glutamine	

Spunt295	 Only	children	and	adolescents	included	 Carbamazepine	

Lersch296	 In	vitro	study,	not	RCT	 Carbamazepine	

Pachman297	 No	treatment	 Ca2+/Mg2+	infusion	

Guo193	 No	Oxaliplatin	specific	data	 Alpha-lipoic	acid	

Durand274	 Adjunct	treatment	 Venlafaxine	
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Appendix	II:	immunohistochemistry	of	
oxaliplatin	treated	mouse	corneas	

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



 

 
 

 
 

Tissue Fixation Penetration Block Primary Wash Secondary DAPI Mount Outcome 
Trial 1 6 

months 
old CD1 
mice 

4% PFA 20mM EDTA 37C 
1 hour 

10% Normal 
goat serum, 
2% triton 

10% NGS, 
0.5% Triton, 
1:1000 Beta 
II tubulin III 

PBS Goat anti 
rabbit Alexa 
568  

1:10000 Citiflour Corneas very intact (from 
DAPI), only one very small 
patch labelled on cornea 
number 3. 

Trial 2 6 
months 
old CD1 
mice 

4% PFA 0.5% Triton -80C 
15 minutes, 
thaw, wash with 
0.5% triton, 
incubate in 2% 
triton for as long 
as possible 
during the day 

10% NGS, 
2% Triton, 1 
hour 

10% NGS, 
2% Triton, 
1:500 rabbit 
beta II 
tubulin III, 
overnight at 
room 
tempreature 

PBS/0.1% 
Triton 

Goat anti 
rabbit CY3, 
0.1% Triton 

1:10000 Citifluor Subbasal nerves: only a 
few instances per cornea, 
stromal nerves labelled 
on cornea 8, Epithelium is 
incomplete in all corneas 
with about half lost. 

Trial 3 H1N3 
HepG2 
nude 
mice 

Zamboni's 
fixative 

20mM EDTA 37C 
1 hour 

10% Normal 
goat serum, 
2% triton 

10% NGS, 
0.5% Triton, 
1:1000 Beta 
II tubulin III 

PBS Goat anti 
rabbit CY3, 
0.1% Triton 

1:10000 Citifluor Much less background 
autofluorescence, 
central/paracentral dark 
area of epithelial cell loss, 
no real nerve labelling 

Trial 4 6 
months 
old CD1 
mice 

4% PFA 0.5% Triton -80C 
15 minutes, 
thaw, wash with 
0.5% triton, 
incubate in 2% 
triton for as long 
as possible 
during the day 

10% Normal 
goat serum, 
2% triton 

10% NGS, 
2% Triton, 
NF200 
1:100, 72 
hour 
incubation 
at 4C. 
Antibody 
diluted in 
block 

PBS Goat- anti- 
rabbit 
Alexa568. 
Dilution 
1:350 

no DAPI Citifluor Patchy areas of cells seen 
throughout sample. 
Seems that the age of the 
tissue has lead to 
degredation.  
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Tissue Fixation Penetration Block Primary Wash Secondary DAPI Mount Outcome 

Trial 5 H1N3 
HepG2 
nude 
mice 

Zamboni's 
fixative 

0.5% Triton -80C 
15 minutes, 
thaw, wash with 
0.5% triton, 
incubate in 2% 
triton for as long 
as possible 
during the day 

10% Normal 
goat serum, 
2% triton 

10% NGS, 
2% Triton, 
NF200 
1:100, 72 
hour 
incubation 
at 4C. 
Antibody 
diluted in 
block 

PBS Goat- anti- 
rabbit 
Alexa568. 
Dilution 
1:350 

no DAPI Citifluor Patchy areas of stain 
uptake seen near tissue 
edges. Unsure if uptake is 
nerve staining because of 
patchy nature. Edge 
staining suggest 
penetration problem.  

Trial 6 H1N3 
HepG2 
nude 
mice 

Zamboni's 
fixative 

Endothelium 
stripped off 

10% Normal 
goat serum, 
2% triton 

10% NGS, 
2% Triton, 
NF200 
1:100, 72 
hour 
incubation 
at 4C. 
Antibody 
diluted in 
block 

PBS Goat- anti- 
rabbit 
Alexa568. 
Dilution 
1:350 

no DAPI Citifluor No staining seen. Tissue 
appears intact.  
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Trial 7 H1N3 
HepG2 
nude 
mice 

Zamboni's 
fixative 

Endothelium 
stripped off 

10% Normal 
goat serum, 
2% triton 

10% NGS, 
2% Triton, 
NF200 
1:100, 72 
hour 
incubation 
at 4C. 
Antibody 
diluted in 
block 
  

PBS Goat- anti- 
rabbit 
Alexa568. 
Dilution 
1:350 

no DAPI Citifluor Previous trial repeated 
with no results.  

 
Tissue Fixation Penetration Block Primary Wash Secondary DAPI Mount Outcome 

Trial 8 H1N3 
HepG2 
nude 
mice 

Zamboni's 
fixative 

Endothelium 
stripped off 

10% Normal 
goat serum, 
2% triton 

10% NGS, 
2% Triton, 
NF200 
1:100, 72 
hour 
incubation 
at 4C. 
Antibody 
diluted in 
block 

PBS Goat- anti- 
rabbit 
Alexa488. 
Dilution 
1:350 

no DAPI Citifluor Subsequently coverslips 
were stripped off, tissue 
washed and re-labelled 
with Alexa488. Once re-
mounted, staining with 
Alexa 568 seen.  

Trial 9 H1N3 
HepG2 
nude 
mice 

Zamboni's 
fixative 

Endothelium 
stripped off 

10% Normal 
goat serum, 
2% triton 

10% NGS, 
2% Triton, 
NF200 
1:400, 72 
hour 
incubation 
at 4C. 
Antibody 
diluted in 
block 

PBS wash 
overnight 

Goat- anti- 
rabbit 
Alexa568. 
Dilution 
1:400. 

no DAPI Citifluor Antibodies diluted further 
and washed for extra-
long period of time to 
combat background 
autofluorescence issue. 
Successful labelling of 
nerve plexus achieved.  
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Appendix	III:	patient	information	sheets	and	

consent	forms	
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Optional Additional Ocular Toxicity Sub-study Information Sheet  
 
Title: Effect of oxaliplatin chemotherapy on corneal nerves 
 
Main investigator:  
Dr Ellen Wang 
Clinical Research Fellow 
Department of Ophthalmology 
University of Auckland 
Private Bag 92019, Auckland 1142 
Phone: 09 923 6903 
 
You have already agreed to take part in a research study on the treatment of cancer with oxaliplatin. This 
information sheet and consent form is in an optional addition to the main study consent form that you have 
already signed.  
  
You are being asked to undergo an assessment of your eyes that will take place after 7 of your usual oncology 
appointments. These will take place at the University of Auckland Eye Clinic, situated across the road from the 
Oncology Department. You will be met after your appointment by Dr. Ellen Wang and escorted to the Eye Clinic. 
The assessment takes 30-45mins, after which you can return home. 
 
You do not have to decide today whether or not you want participate in this study. Your participation in the study 
is entirely voluntary (your choice). Your participation, or non-participation, in this study will not influence your 
treatment now or in the future in any way. Please feel free to contact the study doctor (Dr. Ellen Wang) through 
the contact details at the end of this form should you have any questions about this study.  
 
If you agree to take part, you will be asked to sign the consent form on the last page of this document. You will 
be given a copy of both this Participant Information Sheet and the Consent Form to keep.  
 
Why is the study being carried out? 
 
One of the most prominent side effects of oxaliplatin chemotherapy is neuropathy or nerve damage. People may 
experience this nerve damage as a loss or change in sensation in hands or feet, or as pain. By examining your 
eyes, we may be able to see changes (if any) that can be related to the start of the nerve damage. Neuropathy 
may require doctors to decrease the chemotherapy dose, or even stop it. If by identifying changes in the eyes 
we can predict the start of neuropathy, then it may provide us with the ability to modify chemotherapy treatment 
to minimise side effects and maximise the benefit to patients. 
 
What tests will be carried out? 
 
The assessments will occur at baseline, 6, 12, 20, 36 and 52 weeks after the instigation of chemotherapy as well 
as 3 months post cessation of therapy. The tests used in this study include common tests that are part of a 
standard eye exam and 2 specialised tests (in vivo confocal microscopy and corneal aesthesiometry) that are 
not part of the standard exam but widely regarded to be fast, non-invasive and easy to repeat. The pace of the 
assessment is in your control, you can take breaks at any point.  
 
Your vision will be checked as it would during a normal eye test.  
 
Your colour vision will then be tested. This will involve you reading numbers from special plates called Ishihara 
that are routinely used to check for colour blindness.   
 
The front surface of your eye (the cornea) will be assessed by a special microscope called a slit-lamp. You will be 
seated opposite the examiner, and your chin will be resting on a chin rest and your forehead against the forehead 
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bar. The sensitivity of the cornea will be measured using gentle puff of air from a special attachment to the slit-
lamp.  
 
The front surface of your eye will be further examined under high magnification with “in vivo confocal 
microscopy”. This is a special microscope and you will be seated in the same position as for the slit-lamp 
microscope. An anaesthetic eye drop will be administered prior to this examination. This eye drop may cause 
mild discomfort for a few seconds. A disposable cap on the lens of the microscope will gentle rest against your 
cornea but you will not feel this because of the anaesthetic drop. Once the lens is in place the examiner will 
advance the camera in tiny movements (microns) to look at the nerves in your cornea. These images are saved 
directed to the computer during the exam. You will be asked to look straight ahead at a target during the exam. 
This technique is similar to the technique used to measure eye pressure, which is part of a standard eye exam. 
There is a small risk that some of the cells on the very surface of the cornea will be damaged during the test, but 
these typically heal within hours without consequence. This technique has been used multiple times by our team 
and to date no patient has experience any issues or complications as a result of this test.  
 
Photographs of the back of your eyes (the retina and optic nerve) will be taken with a special camera called 
Optical Coherence Tomography (OCT). For this your chin and forehead will be placed in rests like the slit-lamp 
and confocal microscope.   
 
The responses of your pupils (pupillary reflex) will be tested using a machine called RAPDx. Again, you will be 
seated with your chin on a rest and asked to look straight ahead. The measurement of the pupil response is a 
standard part of an eye test. 
 
Lastly the sensation threshold of the nerves in your feet will be tested using a Bioesthesiometer. The technique 
involves using a blunt probe that will vibrate at different intensities. This will be tested on your feet until you can 
feel the vibration. The procedure is not uncomfortable and will take no longer than 2 minutes.  The reflexes of 
your knees and ankles will be tested as they would be in a standard medical examination.  
 
Benefits, risks and safety 
 
There are several benefits to you from participating in this study. You will get regular, thorough examinations of 
your eye. The results from this study will be used to determine if changes in the surface of the eye can be used 
to predict and/or monitor the neuropathy caused by chemotherapy. This will contribute to our knowledge of 
how chemotherapy can affect the eye and perhaps in future an eye exam will be routine for all chemotherapy 
patients.  
 
The risks involved are extremely small with the tests used. Only one test, the in vivo confocal microscopy, involves 
brief contact with the surface of the eye. In the unlikely event of the cells on the surface of your eye getting 
damaged, you may experience slight discomfort (eye stinging) for 1 to 2 hours as the cells heal. The risk of 
damage, discomfort or pain is minimal. All other tests are regularly performed in eye clinic as part of normal 
patient care.  
 
The anaesthetic eye drops used during the assessment may occasionally result in some minor blurring of the 
vision. This effect is temporary and lasts less than 2 hours. A very rare risk an allergy to the anaesthetic eye drop, 
but this also resolves by itself within 30 minutes. These eye drops are regularly used as part of a standard eye 
exam prior to measuring eye pressure.  
 
Using the described measurement techniques, injury to the surface of the eye or the eyelids is highly unlikely. All 
effects are made to ensure the tests are carried out as safely as possible and that any risks are kept to an absolute 
minimum. The tests will be carried out by qualified clinicians, highly experienced in performing the tests 
described.  
 
The assessment will not affect your cancer treatment. This will continue as planned by the oncology team.  
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Participation 
 
Your participation in the study is entirely voluntary (your choice). Your participation, or non-participation, in this 
study will not influence your treatment now or in the future in any way.  
 
If you do agree to take part but later change your mind, you are free to withdraw from the study at any point in 
time and you do not need a reason for this. After participating, you are also able to withdraw your data from the 
study, if you so choose. Data can be withdrawn up to one month after the date of data collection. This will in no 
way affect your treatment and your continued care.  
 
There will be no costs to you for your participation in this research study. A $20 petrol voucher per visit will be 
reimbursed to you to cover your travel costs. 

Confidentiality 
 
The results of this study will be presented at local, national and international conferences. They will be published 
in international journals and also be included in Dr. Ellen Wang’s PhD thesis. However, no material that could 
identify you personally will be used in any of the reports or presentations.  
 
All records will be accessible only to the investigators involved in the study. They will be kept in a secure cabinet 
within a locked records room.  
 
You may request a copy of the results of this study. The study is designed to last two and a half years and there 
will be a substantial delay between your participation and publication findings. You may also request to have 
your own results explained to you at the time of the data collection. 
 
Thank you for your help in making this study possible. If you have any queries, or wish to know more about the 
research project, please contact, Dr Ellen Wang at: 
 
Dr Ellen Wang 
Department of Ophthalmology 
University of Auckland 
Private Bag 92019, Auckland 1142 
Phone: (09) 923 6903, Mobile: 021 022 89098 
 
This sub-study has received ethical approval from the Health and Disability Ethics Committee on the 22nd of June 
2015. HDEC;NTX/11/06/051AM02, A+5149 
 
 
 

A copy of this form is to be kept by the participant. 

 

 

 

 

 

 



 

 
 

197 

Consent Form for Ocular Toxicity Sub Study 
 

I have read, or have had read to me, and I understand the Participant Information Sheet. 

I have been given sufficient time to consider whether or not to participate in this study. 

I have had an opportunity to ask questions and understand the study and I am satisfied with the answers I have 
been given.  

I have a copy of the Participant Information sheet and Consent Form.  

I understand that my taking part in this study is voluntary (my choice).  

I understand that I may withdraw from the study at any time.  

If I withdraw, I agree that the information collected about me up to the point when I withdraw may continue to 
be used.  

I agree to have an eye assessment at each follow up appointment.  

I know who to contact if I have any questions about the study in general.  

 

Declaration by participant:  

I hereby consent to take part in this study.  

Name:                                                                                                                                     . 

Signature:                                                                                   Date:                                  . 

 

Declaration by member of research team: 

I have given a verbal explanation of the research project to the participant, and have answered the 
participant’s questions about it.  

I believe that the participant understands the study and has given informed consent to participate.  

Name:                                                                                                                                      . 

Signature:                                                                                    Date:                                  . 

 

 

 

 

 
 
 
 
 



 

 
 

198 

Optional Additional Nerve Conduction Sub-study Information Sheet 
 
Title: Effect of oxaliplatin chemotherapy on peripheral nerves 
 
Principal investigator: 
Professor Mark McKeage 
Department of Pharmacology and Clinical Pharmacology 
Faculty of Medical and Health Sciences 
University of Auckland 
Grafton, Auckland  
 
You have already agreed to take part in a research study on the treatment of cancer with oxaliplatin and the 
ocular toxicity sub-study about the effect of this treatment on your eyes. This information sheet and consent 
form is an optional addition to the main study consent form and the ocular toxicity sub-study form that you have 
already signed.  
  
You are being asked to undergo 2 assessments of the nerves in your legs called nerve conduction studies and 
these will be done by a specialist neurologist.  The test is not harmful but may be mildly uncomfortable. The test 
will last around 10-15 minutes in duration.  
 
You do not have to decide today whether or not you will participate in this study. Your participation in the study 
is entirely voluntary (your choice). Your participation, or non-participation, in this study will not influence your 
treatment now or in the future in any way. Please feel free to contact the study doctor (Dr Ellen Wang) through 
the contact details at the end of this form should you have any questions about this study.  
 
If you agree to take part, you will be asked to sign the consent form on the last page of this document. You will 
be given a copy of both this Participant Information Sheet and the Consent Form to keep.  
 
 
Why is the study being carried out? 
 
One of the most prominent side effects of oxaliplatin chemotherapy is neuropathy or nerve damage. People may 
experience this nerve damage as a loss or change in sensation in hands or feet, or as pain. Nerve conduction 
studies are a specialist method of assessing the functioning of the nerves in your limbs.  
 
If you choose to take part, the nerve conduction study will be done twice during the ocular sub study, once at 
the start, and again about half-way through.  
 
What tests will be carried out? 
 
The test that will be carried out will be a nerve conduction study. The nerves in your body work by conducting 
electrical signals around your body, and this is the way in which the brain communicates with all the parts of the 
body. Each test involves the placement of bipolar recording electrodes overlying the nerve to be tested. A 
stimulating frequency is then sent and sensory and motor responses recorded while maintaining the skin at a 
constant temperature. This test measures how well the nerves in your body are conducting those electrical 
signals and is a standard test used by specialist neurologists.  
 
You will not need to do any preparation for this test. This routine test will be done by a specialist neurologist at 
Auckland City Hospital. This test is mildly uncomfortable but not harmful in any way.  
 
Benefits, risks and safety 
 
There are no side effects or complications of a nerve conduction study. You may find that is mildly uncomfortable 
but is not harmful. It is a standard method of assessing nerve function and will be carried out by a specialist 
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neurologist. You will benefit from having this test by having an objective measurement of the functioning of your 
nerves.  
 
The assessment will not affect your cancer treatment. This will continue as planned by the oncology team.  
 
Participation 
 
Your participation in the study is entirely voluntary (your choice). Your participation, or non-participation, in this 
study will not influence your treatment now or in the future in any way.  
 
If you do agree to take part but later change your mind, you are free to withdraw from the study at any point in 
time and you do not need a reason for this. After participating, you are also able to withdraw your data from the 
study, if you so choose. Data can be withdrawn up to one month after the date of data collection. This will in no 
way affect your treatment and your continued care.  
 
Confidentiality 
 
The results of this study will be presented at local, national and international conferences. They will be published 
in international journals and also be included in Dr. Ellen Wang’s PhD thesis. However, no material that could 
identify you personally will be used in any of the reports or presentations.  
 
All records will be accessible only to the investigators involved in the study. They will be kept in a secure cabinet 
within a locked records room.  
 
You may request a copy of the results of this study. The study is designed to last two and a half years and there 
will be a substantial delay between your participation and publication findings. You may also request to have 
your own results explained to you at the time of the data collection.  
 
Thank you for your help in making this study possible. If you have any queries, or wish to know more about the 
research project, please contact, Dr Ellen Wang at: 
 
Dr Ellen Wang 
Department of Ophthalmology 
University of Auckland 
Private Bag 92019 
Auckland 1142 
Phone: (09) 923 6903 
Mobile: 021 022 89098 
 
This study has received ethical approval from Health and Disability Ethics Committee on the 13th of July 
2015.HDEClNTX/11/06/051AM03, A+5149 

 

A copy of this form is to be kept by the participant. 
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Consent Form for Nerve Conduction Sub-study 
 

I have read, or have had read to me, and I understand the Participant Information Sheet. 

I have been given sufficient time to consider whether or not to participate in this study. 

I have had an opportunity to ask questions and understand the study and I am satisfied with the answers I have 
been given.  

I have a copy of the Participant Information sheet and Consent Form.  

I understand that my taking part in this study is voluntary (my choice).  

I understand that I may withdraw from the study at any time.  

If I withdraw, I agree that the information collected about me up to the point when I withdraw may continue to 
be used.  

I agree to have a nerve conduction study at two points during the ocular sub study.  

I know who to contact if I have any questions about the study in general.  

 

Declaration by participant:  

I hereby consent to take part in this study.  

Name:                                                                                                                                     . 

Signature:                                                                                   Date:                                  . 

 

Declaration by member of research team: 

I have given a verbal explanation of the research project to the participant, and have answered the 
participant’s questions about it.  

I believe that the participant understands the study and has given informed consent to participate.  

Name:                                                                                                                                      . 

Signature:                                                                                    Date:                                  . 
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Radioactive Plaque induced Corneal Nerve Microstructure ChangeSub-Study 
Participant Information Sheet 
 

Title: Effect of radioactive plaques on corneal nerve microstructure 

 

Main investigator: 

Dr Ellen Wang 

Clinical Research Fellow 

Department of Ophthalmology 

University of Auckland 

Private Bag 92019, Auckland 1142 

Phone: 021 022 89098 

 

 

You are being invited to take part in this study because your ocular oncologist, Dr Peter Hadden has prescribed 
you treatment with a radioactive plaque for your ocular melanoma.  

 

You are being invited to undergo an assessment of your eyes that will take place at Greenlane Eye Clinic. There 
will be 3 assessments in total, 2 of these assessments will take place when you are admitted to the Eye Ward to 
have your radioactive plaque placed. The last assessment will take place 3 months after your radioactive plaque 
has been removed.  Each assessment will take around 15 minutes and will be done by Dr Ellen Wang. 

 

Your participation in this study is entirely voluntary (your choice). Your participation, or non-participation, in this 
study will not influence your treatment now or in the future in any way. Please feel free to contact the study 
coordinating doctor (Dr Ellen Wang) through the contact details on this form should you have any questions.  

 

If you agree to take part, you will be asked to sign the consent form on the last page of this document. You will 
be given both a copy of this Participant Information Sheet and the Consent Form to keep.  

 

 

Why is the study being carried out? 

 

Radioactive plaques are one of the main methods of treating ocular melanomas. Despite this, there is little 
knowledge about the effect the radioactive plaque has on the nerves of the eye. Damage to the nerves on the 
surface of the eye (the cornea) is known to be related to the sensitivity of the eye. Decreased sensitivity is known 
to be associated with the overall health of the surface of the eye, including dryness and irritation and delayed 
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detection of eye infections. This study aims to find out how the radioactive plaque affects the nerves of the eye 
and how well the nerves recover after being treated.  

 

 

What tests will be carried out? 

 

Your vision will be checked using an eye chart on arrival at the Eye Clinic. This is a routine test for all patients at 
the Eye Clinic.  

 

The front surface of your eye (the cornea) will be assessed by a special microscope called a slit-lamp. You will be 
seated opposite the examiner, and your chin will be resting on a chin rest and your forehead against the forehead 
bar. The sensitivity of the cornea will be measured using gentle puff of air from a special attachment to the slit-
lamp.  

 

The front surface of your eye will be further examined under high magnification with “in vivo confocal 
microscopy”. This is a special microscope and you will be seated in the same position as for the slit-lamp 
microscope. An anaesthetic eye drop will be administered prior to this examination. This eye drop may cause 
mild discomfort for a few seconds. A disposable cap on the lens of the microscope will gentle rest against your 
cornea but you will not feel this because of the anaesthetic drop. Once the lens is in place the examiner will 
advance the camera in tiny movements (microns) to look at the nerves in your cornea. These images are saved 
directly to the computer during the exam. You will be asked to look straight ahead at a target during the exam.  

 

This technique is similar to the technique used to measure eye pressure, which is part of a standard eye exam. 
This technique has been used multiple times by our team for more than 15 years and to date no patient has 
experience any issues or complications as a result of this test.  

 

Benefits, risks and safety 

 

There are several benefits to you from participating in this study. You will get regular, thorough examinations of 
the nerves in your eye and the sensitivity of your cornea. The results from this study will be used to determine if 
changes in the surface of the eye are related to the dose of radiotherapy and whether or not the changes are 
reversible. This will contribute to our knowledge of how radioactive plaque treatment can affect the eye and 
perhaps in future closer monitoring of the eye will be routine for all radioactive plaque patients.  

 

The risks involved are extremely small with the tests used. Only one test, the in vivo confocal microscopy, involves 
brief contact with the surface of the eye. In the unlikely event of the cells on the surface of your eye getting 
damaged, you may experience slight discomfort (eye stinging) for 1 to 2 hours as the cells heal. The risk of 
damage, discomfort or pain is minimal. All other tests are regularly performed in eye clinic as part of normal 
patient care.  
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The anaesthetic eye drops used during the assessment may occasionally result in some minor blurring of the 
vision. This effect is temporary and lasts less than 2 hours. A very rare risk an allergy to the anaesthetic eye drop, 
but this also resolves by itself within 30 minutes. These eye drops are regularly used as part of a standard eye 
exam prior to measuring eye pressure.  

 

Using the described measurement techniques, injury to the surface of the eye or the eyelids is highly unlikely. All 
effects are made to ensure the tests are carried out as safely as possible and that any risks are kept to an absolute 
minimum. The tests will be carried out by qualified clinicians, highly experienced in performing the tests 
described.  

 

The assessment will not affect your cancer treatment. This will continue as planned by your ocular oncologist, Dr 
Peter Hadden.  

 

Participation 

 

Your participation in the study is entirely voluntary (your choice). Your participation, or non-participation, in this 
study will not influence your treatment now or in the future in any way.  

 

If you do agree to take part but later change your mind, you are free to withdraw from the study at any point in 
time and you do not need a reason for this. After participating, you are also able to withdraw your data from the 
study, if you so choose. Data can be withdrawn up to one month after the date of data collection. This will in no 
way affect your treatment and your continued care.  

 

There will be no costs to you for your participation in this research study. If you reside outside of Auckland, your 
travel to Auckland for the 3 month eye assessment will be provided by the study. If driving, petrol vouchers of 
up to $100 will be provided, and if flying, you will be booked on the best available airfare for your visit to 
Auckland. If flying, a same day return flight will be booked.   

 

Confidentiality 

 

The results of this study will be presented at local, national and international conferences. They will be published 
in international journals and also be included in Dr. Ellen Wang’s PhD thesis. However, no material that could 
identify you personally will be used in any of the reports or presentations.  

 

All records will be accessible only to the investigators involved in the study. They will be kept in a secure cabinet 
within a locked records room.  
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You may request a copy of the results of this study. The study is designed to last two and a half years and there 
will be a substantial delay between your participation and publication findings. You may also request to have 
your own results explained to you at the time of the data collection. 

 

Thank you for your help in making this study possible. If you have any queries, or wish to know more about the 
research project, please contact, Dr Ellen Wang at: 

 

Dr Ellen Wang 

Department of Ophthalmology 

University of Auckland 

Private Bag 92019, Auckland 1142 

Phone: (09) 923 6903, Mobile: 021 022 89098 

 

 

Research Team: 

 

Dr Stuti Misra, Stevenson Research Fellow 

Dr Peter Hadden, Consultant Ocular Oncologist 

Prof Charles McGhee, Head of Department of Ophthalmology 

Department of Ophthalmology  

The University of Auckland 

Private Bag 92019, Auckland 1142 
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Consent Form for Corneal Neuropathy Induced by Radioactive Plaque Sub 
Study 

 
REQUEST FOR INTERPRETER 
 

English I wish to have an interpreter. Yes No 

Maori E hiahiaanaahaukitetahikaiwhakamaori/kaiwhaka pakeha korero. Ae Kao 

Cook 
Island 

Ka inangaro au i  tetai tangata uri reo. Ae Kare 

Fijian Au  gadreva me dua e vakadewa vosa vei au Io Sega 

Niuean Fiamanako au kefakaaoga e tahatagatafakahokohokokupu. E Naka
i 

Samoan Ou te mana’o ia i ai se fa’amatala upu. Ioe Leai 

Tokelaun Ko au e fofou ki he tino ke fakaliliu te gagana Peletania ki na gagana 
o na motu o te Pahefika 

Ioe Leai 

Tongan Oku ou fiema’u ha fakatonulea. Io Ikai 

Deaf I wish to have a New Zealand sign language interpreter Yes No 

 
 
I agree to an approved auditor appointed by either the ethics committee, or the regulatory authority or their 
approved representative, and approved by the Northern X Ethics Committee reviewing my relevant medical 
records for the sole purpose of checking the accuracy of the information recorded for the study   
      
I have read, or have had read to me, and I understand the Participant Information Sheet. 

 

I have been given sufficient time to consider whether or not to participate in this study. 

 

I have had an opportunity to ask questions and understand the study and I am satisfied with the answers I have 
been given.  

 

I understand that my taking part in this study is voluntary (my choice).  

 

I understand that I may withdraw from the study at any time.  

 

If I withdraw, I agree that the information collected about me up to the point when I withdraw may continue to 
be used.  
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I know who to contact if I have any questions about the study in general.  

 

I give consent to be contacted again in related future studies   

 

 

 

 

 

Declaration by participant:  

I hereby consent to take part in this study.  

Name:                                                                                                                                     . 

Signature:                                                                                   Date:                                  . 

 

 

 

Declaration by member of research team: 

I have given a verbal explanation of the research project to the participant, and have answered the 

participant’s questions about it.  

I believe that the participant understands the study and has given informed consent to participate.  

Name:                                                                                                                                      . 

Signature:                                                                                    Date:                                  . 
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