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c/o	  TIPharma	  (The	  Netherlands)	  

•  Professor	  of	  Pharmacology	  and	  Hospital	  Pharmacy,	  
Dept.	  PharmaceuEcal	  Sciences,	  University	  of	  Basel	  

	  	  	  	  	  stefan.muehlebach@viforpharma.com	  	  
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‘Generic’	  or	  follow-‐on	  versions	  of	  	  
small	  molecules,	  	  

biological,	  and	  non-‐biological	  complex	  drugs:	  	  
The	  scienEfic	  and	  regulatory	  gap	  when	  
similarity	  but	  not	  sameness	  applies	  

Professor	  Stefan	  Mühlebach,	  PhD	  	  
8	  October	  2013	  
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•  Abbreviated	  evaluaEon	  of	  follow-‐on	  MP	  
•  Non-‐biological	  complex	  drugs	  (NBCD)	  (nano-‐)	  
similars	  

•  Regulatory	  challenges	  for	  approval	  
(comparability,	  interchange/subsEtuEon)	  

•  Conclusions	  

Content	  
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Market	  Access:	  Originator	  and	  Follow-‐on	  Copies	  

Eme	  

PMS	  (REMS)	  

PMS:	  Post	  Marke,ng	  Surveillance	  
REMS:	  Risk	  Evalua,on	  &	  Mi,ga,on	  strategy	  

Quality	  

Efficacy	  

Safety	  

Ph	  I-‐III	  

MA	  Copy	  

Therapeu.c	  equivalence	  
exchangeable	  
subsEtutable	  
(comparability)	  
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TherapeuEc	  Equivalence	  (comparability)	  	  
of	  Small	  Molecular	  Drug	  Copies	  	  

• 	  Conven.onal	  generic	  paradigm	  (EMA,	  FDA):	  

• 	  PharmaceuEcal	  equivalence	  (idenEcal	  API…)	  
• Bioequivalence	  in	  healthy	  subjects:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
comparable	  PK	  (CI90%	  range	  80-‐125%)	  

• Known	  mode	  of	  acEon	  

• 	  	  

Generics  
(interchangeable) 
No clinical testing 

needed 
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Approval	  of	  “Generic”	  Medicinal	  Products:	  

Small	  molecules	  
drugs	  (m.w.	  <500)	  	  

e.g.	  ASA	  	  
Fully	  characterized	  

Complex	  (biological)	  drugs	  
(m.range	  5-‐150kDa)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

e.g.	  EPO	  
Not	  fully	  characterized	  
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Generic	  approach	  

Copy	  characterisEcs	  

TherapeuEc	  equivalence	  
(interchangeable)	  	  

PharmaceuEcal	  

Equivalence	  

Pharmacological	  

Equivalence	  

(bioequivalence)	  

Fully	  idenEfied	  and	  
characterized	  	  

small	  molecule(s)	  

AuthorizaEon	  of	  a	  Bological	  Copy:	  	  
the	  EMA	  Similar	  Approach	  

Adopted	  from	  Regul	  Toxicol	  Pharmacol	  2011;59:176-‐183;	  
RTP	  8(50)973-‐977	  (Therapeu,c	  equivalence	  of	  complex	  drugs)	  
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Non-‐Biological	  Complex	  Drugs	  (NBCD)	  
SyntheEc,	  not	  a	  biologic,	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
large	  molecular	  nanoparEcle,	  	  
polymeric	  (mix)	  product	  

 The	  enEre	  complex	  is	  the	  acEve	  
pharmaceuEcal	  ingredient	  

 The	  properEes	  cannot	  be	  fully	  
characterized	  by	  physicochemical	  
analysis	  

 The	  manufacturing	  process	  is	  
fundamental	  to	  create	  the	  	  product	  
and	  difficult	  to	  control	  

A 

 Adapted from poster	  PHC030	  17th 
EAHP conference 2011 

B C 

A	  Iron	  sucrose	  (iron	  carbohydrates)	  
B	  Liposomal	  drugs	  
C	  GlaEramoids	  (polypepEde)	  

AAPS-‐J	  online.	  How	  to	  regulate	  NBCD	  and	  their	  follow-‐on	  versions	  
Mühlebach	  	  8	  
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Structure:	  The	  Carbohydrate	  Shell	  of	  i.v.	  Irons	  

Differences	  in	  core	  size	  and	  
carbohydrate	  chemistry	  and	  (nano-‐)	  
par.cle	  characteris.cs	  determine	  
pharmacologic	  (PK,	  PD)	  and	  biologic	  
differences	  (safety,	  immunogenicity).	  

The	  mineral	  central	  core	  containing	  
polynuclear	  ferric(III)	  hydroxide	  iron	  is	  
stabilized	  by	  interacEons	  with	  the	  
polysaccharide.	  	  

The	  stability	  of	  the	  iron	  complex	  
influences	  efficacy	  and	  tolerance	  of	  the	  
i.v.	  preparaEon:	  (iron	  dissociaEon	  ROS	  
formaEon,	  NTBI	  etc.).	  

Sucrose	  

Polynuclear	  ferric(III)	  
hydroxide	  core	  
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Release	  and	  DisposiEon	  of	  Iron	  in	  vivo	  

RES:	  re,culoendothelial	  system	  
NTBI:	  non-‐transferri,n	  bound	  iron	  

ParEal	  destabilizaEon	  
core-‐ligand	  dissociaEon	  

Monocyte	  /	  
macrophage	  
phagocytosis	  

Iron	  	  
release	  
from	  
complex	  

Stable	  nano-‐colloidal	  
i.v.	  iron	  complex	  

RES	  
Complex	  degradaEon	  

Fe2+	  released	  

Fe3+	   Transferrin	  
CirculaEon	  

OxidaEve	  damage	  
NTBI	  
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TherapeuEc	  Equivalence	  (Comparability)	  	  
of	  NBCD	  copies?	  	  

• 	  Conven.onal	  generic	  paradigm	  (EMA,	  FDA):	  

• 	  PharmaceuEcal	  equivalence	  (idenEcal	  API…)	  
• Bioequivalence	  in	  healthy	  subjects:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
comparable	  PK	  (CI90%	  range	  80-‐125%)	  

• Known	  mode	  of	  acEon	  

• 	  	  

Generics  
(interchangeable) 
No clinical testing 

needed 

The	  generic	  paradigm	  is	  only	  applicable	  to	  fully	  characterized	  small	  molecules	  	  
and	  not	  more	  valid	  for	  complex	  drugs	  
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Small	  molecules	  
drugs	  (m.w.	  <500)	  	  

e.g.	  ASA	  	  
Fully	  characterized	  

Complex	  (biological)	  drugs	  
(m.range	  5-‐150kDa)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

e.g.	  EPO	  
Not	  fully	  characterized	  

Complex	  (non-‐biological)	  drugs	  	  	  	  	  	  	  	  	  
(m.range	  43[IS]-‐150kDa)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

e.g.	  polynuclear	  ferric	  hydroxide	  
carbohydrate	  complexes	  
Not	  fully	  characterized	  

Approval	  of	  “Generic”	  Medicinal	  Products:	  
There	  is	  Something	  missing	  
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Mühlebach et al. in press GaBi 2013 

From	  Manufacturing	  to	  Efficacy	  and	  Safety	  (NBCD)	  
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Regulatory	  Challenge:	  How	  much	  Similar?	  	  
Interchangeable	  /	  SubsEtutable	  (TE)	  
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Authority	  Awareness	  for	  i.v.	  IS	  nanoparEcle	  MP	  

EMA	  	  	  
(2011-‐2013)	  

FDA	  	  	  
	  (2012)	  

Dec	  2012	  

Ferumoxytol	  	  
injecEon	  

Apr	  2013	  

TE	  evaluaEon	  
IV	  iron	  

gluconate	  
(Ferrlicit	  vs.	  
Nulecit)	  

2011	  
2013	   2013	  
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The	  New	  Orleans	  Workshop	  Nov.	  2010	  
HarmonizaEon	  of	  Regulatory	  Approaches	  

TherapeuEc	  equivalence	  	  
and	  interchangeability	  of	  	  

mulEsource	  (generic)	  drug	  products	  
including	  complex	  drugs	  

Pharmaceu.cal	  Equivalence	  

Bioequivalence	  

Criteria,	  
Approaches?	  

In	  vitro	  /	  in	  vivo	  
test	  

performances?	  

Input:	  ScienEfic	  Evidence	  
Industry	  /	  Academia	  /	  Regulatory	  

Output:	  ScienEfic	  CommunicaEon	  
PublicaEons	  (global	  approach)	  
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FDA:	  Sameness	  Approach	  

Adapted	  from	  	  	  
hZp://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm220092.htm[.	  	  

Access	  10.08.2010	  	  

PharmaceuEcal	  	  
idenEty	  

Safety	  &	  	  
therapeuEc	  	  
idenEty	  

	  1.	  Equivalence	  of	  sourcing	  

	  2.	  Equivalence	  of	  physico-‐chemical	  properEes	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
(including	  purity)	  

	  3.	  Equivalence	  of	  manufacture	  and	  product	  control	  	  	  	  	  	  	  	  	  	  	  	  

	  4.	  Equivalence	  in	  biological	  and	  biochemical	  assays	  
(efficacy/safety	  profile)	  

	  5.	  Equivalence	  of	  in	  vivo	  pharmacodynamic	  profile	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
(therapeuEc	  equivalent	  &	  interchangeable)	  
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EMA	  ReflecEon	  Paper:	  	  
Non-‐clinical	  Studies	  of	  Iron	  NanoparEcles	  

C. Clarke Hospital Pharmacy Europe no 58 (Oct 2011): 
Roundtable Utrecht 
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NBCD	  follow-‐on	  MP:	  Nanosimilars	  

Mühlebach	  19	  

Nanomedicine	  2013;8(5):849-‐856	  
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RP:	  Data	  for	  Nano-‐Colloidal	  	  i.v.	  Iron	  Follow-‐on	  MP	  

Mühlebach	  20	  

•  Quality	  characteriza.on	  is	  not	  sufficient	  	  for	  
assurance	  of	  the	  similarity	  

o  Extensive	  quality	  comparability	  to	  show	  
high	  similarity	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
labile	  Fe	  released,	  stability	  in	  plasma,	  size/variability	  
iron	  core	  	  /Fe	  CH	  complex,	  hypersensiEvity	  reacEons,	  
PK	  /	  body	  distribuEon,	  degradaEon	  products	  

o  Manufacturing:	  well	  defined	  and	  controlled	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
material	  standards,	  impuriEes,	  intermediates,	  
polymorphism	  of	  core,	  morphology	  of	  complex,	  parEcle	  
size,	  stabiliEes,	  in	  vitro	  Fe	  release…	  

•  Weight	  of	  evidence	  approach:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
quality,	  non-‐clinical	  &	  human	  PK	  studies	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
validated	  analyEcal	  tools,	  	  PK,	  PD	  (markers)	  studies,	  relevant	  
compartments	  

•  PV	  	   	  RMS	  (chronic	  use,	  Fe	  Essue	  deposiEon,	  safety,	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  oxidaEve	  stress…)	  	  
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NBCD:	  Importance	  of	  Terms	  

Mühlebach	  21	  

Since	  NBCD	  comprise	  a	  class	  of	  molecular	  complexes	  that	  largely	  differ	  from	  small	  molecular	  weight	  
medicinal	  products,	  it	  is	  important	  to	  differen,ate	  between	  intended	  copies	  of	  NBCD	  (copies	  of	  

non-‐complex	  medicinal	  products)	  and	  generics	  already	  in	  the	  terminology.	  

G.	  Borchard,	  B.	  Flühmann,	  S.	  Mühlebach,	  RTP	  2012;64:324-‐8	  	  
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NBCD	  and	  Biologics:	  Similar	  but	  not	  the	  Same	  

=	  

≠	  
“Generic”	  	  

(idenEcal	  copy)	  
Small	  molecule	  

Complex	  molecules	  
“Similar”	  	  

(non	  idenEcal	  copy)	  	  	  

Mühlebach	  22	  
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Schellekens	  et	  al.	  RTP	  2011	  

Algorithm	  Proposal	  for	  Copy	  AuthorizaEons	  

Generic	  approach	  

Copy	  characteris.cs	  

Not	  fully	  characterized	  
complex	  product	  
(large	  molecules)	  

Therapeu.c	  
equivalence	  

(interchangeable)	  	  

Therapeu.c	  equivalence	  	  
(not	  interchangeable)	  

Biosimilar	  approach	  	  
(protein	  product)	  

Pharmaceu.cal	  
equivalence	  

Pharmacological	  
equivalence	  

(bioequivalence)	  

Pharmaceu.cal	  
equivalence	  

(physico-‐chemical	  
comparability	  

Non-‐clinical	  
equivalence	  

(idenEcal	  animal	  
toxicity)	  

Clinical	  
equivalence	  
(outcome	  /	  
efficacy)	  

Fully	  idenEfied	  and	  
characterized	  	  

small	  molecule(s)	  

Mühlebach	  23	  

Regul	  Toxicol	  Pharmacol	  2011;59:176-‐183	  	  
AAPS-‐J	  online.	  How	  to	  regulate	  NBCD	  and	  their	  follow-‐on	  versions	  
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 Once	  approved,	  proper	  pharmacovigilance	  standards	  must	  be	  established	  
on	  brand	  name	  base	  (Risk	  Management	  Plan)	  

 Separate	  product	  codes	  must	  be	  established	  to	  track	  safety	  and	  efficacy	  for	  each	  product	  

PV	  of	  NBCD	  Follow-‐on	  MP	  

“To	  help	  differenEate	  risk	  among	  	  the	  	  
parenteral	  iron	  products	  (similar	  but	  not	  
the	  same),	  the	  brand	  name	  of	  the	  product	  
always	  has	  to	  be	  provided	  on	  medical	  
records,	  death	  cerEficates,	  
and	  adverse	  drug	  reacEon	  reports”	  

Wysowski	  D.	  et	  al.	  Am.	  J.	  Hematol.	  85:650–654,	  2010	  
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Workshops 
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Upcoming	  NYAS	  Event	  
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