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Biologics	&	risk	in	phase	I	studies
How	do	we	do	it	better?







Mechanism	of	action



Bigger,	better,	more?









A	new	paradigm

n Biologics	are	not	small	molecules



Biologics	– Safer?	Or	not?

n Very	target	specific
n Less	potential	for	off-target	effects
n ‘Simpler’	metabolic	pathway	(generally)

Risk of exaggeration of on-target effect?
Characterisation of biological pathway?

Comparison between animal species and human?



Small	molecule	vs	biologics
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Size	&	Complexity	- risks

n Very	large	molecules
� 1	kDa to	1000	kDa

n Complex	biochemistry
� Protein	folding
� PEGylation
� Disulphide	bridges
� Phosphorylation,	sulphation,	acetylation,	carboxylation

Unpredictable in vivo behaviour
Risk of interaction with unexpected targets

Immunogenicty



Pharmacokinetics	- risk

n Slow	absorption	(tmax =	days	if	SC	dose)
n Apparent	small	distribution

� 2-4L	typical
� Beware	paracellular or	transcellular transport	(endocytosis)

n Excretion	via	protein	degradation
� Lysosymal
� Non-linear	PK	is	typical
� No	effect	from	renal	/	hepatic	function
� Beware	smaller	proteins



Target	- risk

n Characterisation	of	target
� Distribution
� Effect	+	downstream	consequence

n Cell	based	target?
� Affects	kinetics	of	IMP	(higher	apparent	clearance	at	lower	doses)

n Soluble	target?
� Affects	kinetics	of	IMP	(saturation	kinetics)

n Target	expression	in	disease?
� Choice	of	population?



Immunogenicity	- risk

n Development	of	ADAs
n Increased	clearance
n Infusion	reactions
n Unclear	long	term	effects	for	healthy	volunteers



Risk	Mitigation	for	Biologics
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n Science	based	approach
� Clear	rationale,	evidence	based	=	regulatory	acceptance

n Integrated	safety	pharmacology
� Do	with	GLP	tox (usually	NHP	4- or	13- week)
� Less	concern	for	hERG inhibition	/	interaction
� Less	concern	for	CNS	toxicity	(NB	indirect	effects)
� Immunogenicty assessment	in	vivo	and	in	vitro

n Immuno-pharmacology
� Human	/	animal	species
� Dose-response
� Assessment	of	CRS





Key	things	to	look	for

n Comparability	with	humans
� Animal	model	(NHP,	homologous	target	in	other?)
� In	vitro	work

n Target
� Nature	(cell	based,	soluble)
� Receptor	occupancy
� Dose	response	curve
� Evidence	of	CRS	or	immune	depletion

n High	risk	IMP	for	CRS
n Immunogenicity



Risk	of	CRS

n ESG	/	EMEA
n High	risk	if:

� Bind	TLRs	etc
� Bind	‘master	switches’
� Fcγ functionality
� Multivalent
� Cause	proliferation	/	

expansion
� Agonistic	activity

↑ TNFα
↑ IFN-γ

↑ Il-1, Il-6
↑ Il-10 
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NHP	vs	Human?
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n Receptor	occupancy	model
n Predict	starting	dose	for	circa	10%	RO
n Beware	odd	dose	response	curves
n Utilise	a	MABEL	approach	in	most	cases	(always	if	high	risk)
n Consider all	data	that	are	available



Considerations	for	first	dose…….
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NOAEL	approach

NOAEL	=	50mg/kg	 in	
Cynomolgus Monkey

HED	=	16mg/kg

Dose	(incorporating	 safety	
factor	of	100)	=	0.1	mg/kg

MABEL	approach

Assumed	Kd =	1.88nmol/L
Assumed	TE	=	0.65nmol/L
Calculated	for	10%	RO

Starting	dose	=	0.0015mg/kg

Maximum	Recommended	Starting	Dose

Define	safety	window	based	on	TK
Add	 further	 safety	factor,	if	necessary



Immunogenicity

n Rational	choice	of	mAb
n Avoid	significant	complement	

binding	(avoid	CDC)
n Activation	of	immune	cells	(NK,	

phagocytes,	dendritic	cells)
n Depletion	of	immune	cells
n Cleavage	of	Ab



Induction	of	Anti-Drug	Abs



n Specific	to	mAb
� Anti-idiotype

n Cross-reactive	/	pre-existing
� Rheumatoid	factor
� Anti-allotype
� Anti-hinge
� Anti-glycan













• Published data are poor
• 36 trials, 1799 HVs
• If TGN1412 included – 1:425 -1:1700 

volunteer trials of life-threatening AE
• If TGN1412 excluded – 1:100000-

1:1000000



Healthy	volunteer	or	patient?

n An	age-old	debate!
n Specifically	for	biologics:

� Robustness?
� Immunogenicity?
� Potential	indication?
� PK?
� Target	expression?
� Risk	of	AE	vs	benefit	of	treatment?



n Bi-specific	scaffolds
n PK/PD	designs	to	optimise	safety
n Prediction	of	cytokine	release	and	CRS
n Better	immunogenicity	assessment



Key	issues

n Preclinical	work
� Ensure	fit	for	purpose,	relevant	to	molecule	and	species
� Adequate	prediction	of	transition	to	humans
� No	set	design	– justify	on	scientific	rationale

n Transition	to	clinical	studies
� Safe	starting	dose
� Base	on	RO	and	MABEL
� Interrogation	of	preclinical	work

n Immunogenicity
� Understand	impact
� Ensure	that	study	design	 incorporates	risk	of	immunogenicity
� ADA	assessment	 judiciously

n Trial	Participant
� Healthies vs	patients
� Previous	exposure	to	biologics?



Concluding	thoughts…….

n Predicting	risk	is	key
n Aside	from	TGN1412,	safety	profile	for	biologics	are	reasonable
n Check	ADA	levels	(as	an	exclusion)	only	when	risk	of	immunogenicity	

is	high	or	in	subjects	previously	exposed	to	a	biologic
n Re-exposure	to	a	biologic	is	okay,	providing	risk	of	immunogenicity	is	

low	(to	previous	and	current	molecule)



• 3	healthy	male	volunteers
• Dosed	with	5%	of	original	dose	over	4-12h
• No	significant	AEs
• No	evidence	of	CRS


