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Disclaimer	
  

This	
  presentaHon	
  is	
  not	
  an	
  official	
  US	
  FDA	
  
guidance	
  or	
  policy	
  statement.	
  	
  No	
  official	
  
support	
  or	
  endorsement	
  by	
  the	
  US	
  FDA	
  is	
  

intended	
  or	
  should	
  be	
  inferred.	
  
	
  

All	
  informaHon	
  presented	
  is	
  derived	
  	
  
from	
  materials	
  in	
  the	
  public	
  domain.	
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Outline	
  

�  Role	
  of	
  nonclinical	
  studies	
  in	
  drug	
  discovery	
  and	
  
development	
  

�  Challenges	
  in	
  predicHng	
  human	
  outcomes	
  using	
  
data	
  from	
  model	
  in	
  vitro	
  systems	
  

�  Drug	
  development	
  tools:	
  qualificaHon	
  and	
  
context	
  of	
  use	
  

�  Discussion	
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ROLE	
  OF	
  NONCLINICAL	
  STUDIES	
  IN	
  DRUG	
  

DEVELOPMENT	
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CDER	
  Mission	
  

�  The	
  mission	
  of	
  FDA's	
  Center	
  for	
  Drug	
  EvaluaHon	
  and	
  
Research	
  (CDER)	
  is	
  to	
  ensure	
  that	
  drugs	
  marketed	
  in	
  
this	
  country	
  are	
  safe	
  and	
  effecHve.	
  	
  

�  CDER	
  does	
  not	
  test	
  drugs,	
  although	
  the	
  Center's	
  Office	
  
of	
  TesHng	
  and	
  Research	
  does	
  conduct	
  limited	
  research	
  
in	
  the	
  areas	
  of	
  drug	
  quality,	
  safety,	
  and	
  effecHveness.	
  

�  It	
  is	
  the	
  responsibility	
  of	
  the	
  company	
  seeking	
  to	
  market	
  
a	
  drug	
  to	
  test	
  it	
  and	
  submit	
  evidence	
  that	
  it	
  is	
  safe	
  and	
  
effecHve.	
  	
  

Source: www.fda.gov 
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Pharm/Tox	
  TesHng	
  in	
  Drug	
  Discovery	
  

�  Not	
  governed	
  by	
  specific	
  regulatory	
  requirements	
  

�  Used	
  to	
  inform	
  the	
  sponsor's	
  decision	
  to	
  select	
  a	
  
parHcular	
  drug	
  candidate	
  for	
  development	
  
◦  	
  “Are	
  you	
  feeling	
  lucky?”	
  

�  Will	
  be	
  company/product	
  specific,	
  based	
  on: 	
  	
  
◦  Pharmacologic	
  target	
  
◦  Chemical	
  features	
  
◦  Current	
  knowledge	
  (insHtuHonal,	
  public)	
  

�  May	
  incorporate	
  tradiHonal	
  and	
  new	
  technologies:	
  
◦  ___omics	
  
◦  In	
  silico	
  (chemistry,	
  biology)	
  
◦  In	
  vitro	
  (cell	
  lines,	
  iPSC,	
  2D-­‐3D	
  organ	
  systems)	
  
◦  Animal	
  models	
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Preclinical	
  Pharmacology	
  Studies	
  in	
  Drug	
  
Development	
  
�  Efficacy	
  in	
  vitro	
  and	
  in	
  vivo	
  from	
  nonclinical	
  studies	
  may	
  
not	
  reliably	
  predict	
  clinical	
  efficacy	
  
◦  Heterogeneity	
  of	
  disease	
  
◦  Interspecies	
  differences	
  in	
  ADME	
  
◦  Role	
  of	
  immune	
  system,	
  etc.	
  

�  Preclinical	
  pharmacology	
  studies	
  may	
  be	
  useful	
  for:	
  
◦  SuggesHng	
  a	
  reasonable	
  mechanism	
  of	
  acHon	
  
◦  Assessing	
  an	
  appropriate	
  dosing	
  schedule	
  
◦  JusHfying	
  drug	
  combinaHons	
  
◦  Understanding	
  effects	
  at	
  the	
  molecular	
  target	
  (specificity)	
  
◦  IdenHfying	
  and	
  evaluaHng	
  biomarker	
  performance	
  

..but	
  are	
  generally	
  considered	
  to	
  be	
  of	
  low	
  relevance	
  in	
  making	
  
regulatory	
  decisions	
  on	
  efficacy	
  	
  

Adapted from: www.fda.gov/ohrms/dockets/.../2006-4203-S1-02-FDA-Leighton.ppt 
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Preclinical	
  Toxicity	
  Studies	
  in	
  Drug	
  
Development	
  
�  Before	
  human	
  studies	
  can	
  begin,	
  an	
  IND	
  must	
  be	
  
submibed	
  containing	
  informaHon	
  on	
  any	
  risks	
  
anHcipated	
  under	
  the	
  condiHons	
  of	
  the	
  proposed	
  
clinical	
  trials	
  based	
  on	
  the	
  results	
  of	
  pharmacologic	
  and	
  
toxicological	
  studies	
  (21	
  CFR	
  312.23(a)(8)).	
  	
  

�  These	
  preclinical	
  studies	
  are	
  designed	
  to:	
  
◦  Permit	
  the	
  selecHon	
  of	
  a	
  safe	
  starHng	
  dose	
  in	
  humans	
  	
  
◦  Gain	
  an	
  understanding	
  of	
  target	
  organ	
  toxicity	
  and	
  potenHal	
  
reversibility	
  
◦  EsHmate	
  the	
  margin	
  of	
  safety	
  between	
  a	
  clinical	
  and	
  a	
  toxic	
  dose	
  
◦  Predict	
  pharmacokineHc	
  and	
  pharmacodynamic	
  parameters	
  

References:	
   	
  Preclinical	
  studies	
  for	
  small	
  molecules:	
  ICH	
  M3	
  	
  
	
  Preclinical	
  studies	
  for	
  biologics:	
  ICH	
  S6	
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Preclinical	
  Toxicity	
  Studies	
  (ICH	
  M3)	
  

�  Safety	
  pharmacology	
  (ICH	
  S7A,B)	
  
◦  Cardiovascular	
  
◦  Central	
  nervous	
  system	
  
◦  Respiratory	
  
Supplemental	
  (e.g.	
  immunotoxicity:	
  ICH	
  S8)	
  

�  ToxicokineHcs/pharmacokineHcs	
  (ICH	
  S3A	
  –	
  S3B)	
  
�  Acute	
  toxicity	
  studies	
  
�  Repeated	
  dose	
  toxicity	
  
�  Genotoxicity	
  (ICH	
  S2)	
  
�  Carcinogenicity	
  
�  ReproducHve	
  toxicity	
  (ICH	
  S5)	
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Preclinical	
  TK	
  Studies	
  (ICH	
  S3A)	
  

�  To	
  describe	
  the	
  systemic	
  exposure	
  levels	
  	
  
achieved	
  by	
  dose	
  and	
  study	
  Hme	
  course	
  

�  To	
  relate	
  exposure	
  to	
  toxicology	
  findings	
  

�  To	
  support	
  selecHon	
  of	
  species	
  and	
  dose	
  
regimen	
  for	
  nonclinical	
  toxicity	
  studies	
  

�  To	
  support	
  design	
  of	
  addiHonal	
  studies	
  

� Measurements:	
  
◦  [D],	
  AUC,	
  Cmax,	
  [D]	
  =	
  f(t)	
  
◦  Parent	
  -­‐	
  metabolite(s)	
  
◦  Blood	
  -­‐	
  Hssue	
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AbriHon	
  During	
  Drug	
  Development	
  

•  Phase II failures due to safety = 19% vs. 51% efficacy 
•  Phase III failures due to safety = 21% vs. 66% efficacy 

J Arrowsmith (2011) Nature Reviews Drug Discovery 

Figure 1 | Phase III and submission failures: 2007–2010. The 83 failures are divided according to 
therapeutic area (a) and reason for failure (b).

Nature Reviews | Drug Discovery

�%*!��%��(��%��	�
�
�

�
�
�	�

�	�


�

���

���

���
����

�1���-
.���()+)�'#����&��	��
.��)�����&%�* �(�'-�����
.���()+)���*!,���&%*(&#��
�

����*-��!%�#+�!%��
(!)"/��%�0*�

�!%�%�!�#��%��&(��&$$�(�!�#

�&*�
�!)�#&)��

� �

�* �(��%����

��(�!&,�)�+#�(��%���

�%*!�!%���*!,�)��%����

�#!$�%*�(-��%��&(�
$�*��&#!)$��%����

��(,&+)�)-)*�$��%��
�

The Centre for Medicines Research 
International has noted that the average for the 
combined success rate at Phase III and 
submission has fallen to ~50% in recent years. 
To learn more about the causes for Phase III and 
submission failures, Thomson Reuters Life 
Science Consulting analysed the reasons for 
these failures between 2007 and 2010. This 
analysis included failures across all therapeutic 
areas, initial indications and major new 
indications. Re-formulations and new claims 
closely related to already approved indications 
were excluded from the analysis.

There were 83 Phase III and submission 
failures between 2007 and 2010. As shown in 
FIG. 1a, the therapeutic areas in which the 
largest proportions of these failures occurred 
were: cancer (28%); nervous system, which 
includes neurodegeneration (18%); alimentary 
and/or metabolism, which includes diabetes 
and obesity (13%); and anti-infectives (13%). 
Almost 90% of the failures across all therapeutic 
areas were attributable to either lack of efficacy 
(66%) or safety issues (21%) (FIG. 1b). The 
efficacy failures can be further broken down 
into projects that failed to demonstrate a 
statistically significant improvement versus 
placebo (32%), an active control (5%) or as an 
add-on therapy (29%). Of the drugs that failed 
to show an improvement in efficacy as an 
add-on therapy, 58% were anticancer drugs, 
and of those that failed to show an 
improvement in efficacy versus placebo, 33% 
were nervous system drugs.

One conclusion from this analysis is that 
large numbers of failures are occurring with 
drugs that have novel mechanisms of action in 
areas of high unmet medical need: cancer and 
neurodegeneration, in particular. This could 

primarily be due to the challenging science in 
these areas, but is perhaps also a result of the 
pressure on companies to replenish pipelines 
with drugs that have high potential for approval 
and reimbursement, particularly in a period 
during which patent expiries for major 
products are threatening future revenues. 
Owing to this urgency, it seems that companies 
have progressed drugs into Phase III trials even 
though they only displayed marginal 
statistically significant efficacy in Phase II 
proof-of-concept studies; consequently, these 
drugs carry a greater than average risk of 
failure. There also seems to be a propensity to 
assume that success in one disease will 
translate into success in a new and significantly 
different disease. This is particularly apparent in 
oncology, for which it seems that success in one 
tumour type has been assumed to translate into 
success in a variety of other tumour types, 
without firm evidence that the mechanism of 
action remains relevant. This can be illustrated 
by the failures of sunitinib (Sutent; Pfizer) in 
hepatic cancer and of bevacizumab (Avastin; 
Genentech/Roche) in gastric cancer.

The way to improve Phase III success rates is 
to avoid wishful thinking and to rely on 
high-quality scientific evidence by fully testing 
mechanisms against each target indication, 
using well-defined end points in the right 
patient population in Phase II trials. Initially, this 
may lead to higher failure rates in Phase II trials, 
but some companies have already shown that 
good science can deliver a steady flow of robust 
positive proof-of-concept data.

John Arrowsmith is a Scientific Director at Thomson 
Reuters, 77 Hatton Garden, London EC1N 8JS, UK.  

e-mail: john.arrowsmith@thomsonreuters.com

The author declares no competing financial interests.
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Well-conducted Phase II clinical trials provide 
the data required to determine whether 
there is a case to be made, both scientifically 
and commercially, for progressing a drug 
candidate into Phase III trials. At present, 
however, Phase II success rates are lower than 
at any other phase of development. Analysis 
by the Centre for Medicines Research (CMR) 
of projects from a group of 16 companies 
(representing approximately 60% of global 
R&D spending) in the CMR International 
Global R&D database reveals that the Phase 
II success rates for new development projects 
have fallen from 28% (2006–2007) to 18% 
(2008–2009), although these success rates do 
vary between therapeutic areas and between 
small molecules and biologics.  As the current 
likelihood of a drug successfully progressing 
through Phase III to launch is 50% (Nature Rev. 
Drug Discov. 10, 87; 2011), the overall attrition 
of late-stage drug development seems to be 
��	�	
�������
�����

To help understand these trends, Thomson 
Reuters Life Science Consulting analysed the 
108 reported Phase II failures from 2008 to 2010 
for new drugs and major new indications of 
existing drugs (Drug News Perspect. 22, 39–51; 
2009; Drug News Perspect. 23, 48–63; 2010; 
Drugs Today, 47, 27–51; 2011). Out of these, 87 
reported the reasons for failure (FIG. 1a): 51% 
(44 out of 87) were due to insufficient efficacy, 
29% (25 out of 87) were due to strategic reasons 
and 19% (17 out of 87) were due to clinical or 
preclinical safety reasons. Out of the 25 failures 
that were terminated for strategic reasons, 16 
involved validated targets such as peroxisome 
proliferator activated receptor-γ (PPARγ) and 
factor Xa, therefore suggesting that some 

of these failures were due to inadequate 
differentiation from more advanced drugs 
in the same class or from drugs with similar 
indications in another mechanistic class. 
Out of the 21 failures for which reasons were 
not reported, 17 involved validated targets, 
although not always in an approved indication 
for drugs affecting that target. Again, it would 
seem reasonable to conclude that some of 
these failures were due to insufficient evidence 
of an efficacy advantage over a more advanced 
drug; however, it is important not to rule out 
that failure could be due to the change in the 
benefit–risk balance of a known target in a 
new patient population. These data also show 
that 68% (73 out of 108) of failures fell into 
four therapeutic areas (FIG. 1b): alimentary/
metabolism, cancer, cardiovascular, and 
neuroscience. Notably, 61% (14 out of 23) 
of failures in alimentary/metabolism are for 
diabetes.

Although it is difficult to draw conclusions 
from these data, the finding that a substantial 
proportion of Phase II failures were due to 
strategic reasons suggests that one important 
underlying factor could be overlapping R&D 
activity between companies with drugs 
in Phase II trials. This raises the question 
of whether an increase in collaborative 
efforts between companies up to the point 
of proof-of-concept for novel targets or 
mechanisms might be more cost- and 
time-effective.

John Arrowsmith is a Scientific Director at Thomson 
Reuters, 77 Hatton Garden, London EC1N 8JS, UK. 

e-mail: john.arrowsmith@thomsonreuters.com

The author declares no competing financial interests.
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Phase II failures: 2008-2010. The 108 failures are divided according to reason for failure 
when reported (87 drugs) (a) and therapeutic area (b). 

Phase III and submission failures: 2007-2010. The 83 failures are divided according to 
therapeutic area (a) and reason for failure (b). 
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AbriHon	
  During	
  Drug	
  Development	
  	
  

Adapted from Redfern et al (2010) and provided by Tim Hammond (AstraZeneca) 
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Challenges	
  in	
  Preclinical	
  Safety	
  Studies	
  

�  Typically	
  conducted	
  in	
  healthy	
  animals	
  

�  Generally	
  measure	
  “average”	
  drug	
  behaviors	
  in	
  relaHvely	
  
homogeneous	
  test	
  systems	
  

�  Focused	
  on	
  robust,	
  dose-­‐dependent	
  toxicity	
  signals	
  	
  

�  Designed	
  to	
  characterize	
  the	
  possibility/type	
  of	
  toxicity	
  
rather	
  than	
  expected	
  clinical	
  prevalence/magnitude	
  
◦  Rodent	
  (to	
  idenHfy	
  life	
  threatening	
  dose)	
  	
  
◦  Non-­‐rodent	
  (to	
  confirm	
  non-­‐life	
  threatening	
  dose)	
  

�  May	
  not	
  predict	
  human	
  response:	
  
◦  Confounding	
  species	
  differences	
  in	
  (e.g.)	
  physiology,	
  ADME?	
  
◦  False	
  posiHve	
  toxiciHes	
  à	
  no	
  corollary	
  in	
  humans	
  
◦  Unlikely	
  to	
  predict	
  rare,	
  idiosyncraHc	
  AEs	
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14 

Not	
  all	
  paHents	
  are	
  the	
  same….	
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CHALLENGES	
  IN	
  PREDICTING	
  HUMAN	
  

OUTCOMES	
  USING	
  DATA	
  FROM	
  MODEL	
  

IN	
  VITRO	
  SYSTEMS	
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“Models	
  are	
  to	
  be	
  used,	
  not	
  believed.”	
  
�  Henri	
  Theil	
  (econometrician)	
  

	
  
“All	
  models	
  are	
  wrong,	
  but	
  some	
  are	
  useful”	
  
�  George	
  Box	
  (staHsHcian)	
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Tissues 

Cell 
Changes 

Cellular 
Networks 

Cellular Systems 

Molecular 
Pathways 

Molecular 
Targets 

Tissue Dose 

Toxicity 

Health Outcome  
Of Interest 

Chemical 

Challenges	
  in	
  PredicHng	
  Human	
  Response	
  
System	
  Complexity	
  

Predict 

Injury Repair 
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Tissues 

Cell 
Changes 

Cellular 
Networks 

Cellular Systems 

Molecular 
Pathways 

Molecular 
Targets 

Tissue Dose 

Toxicity 

Health Outcome  
Of Interest 

Chemical 

Challenges	
  in	
  PredicHng	
  Human	
  Response:	
  	
  
Outcome	
  Modifiers	
  

External	
  Factors	
  
(including	
  disease,	
  
interacBng	
  systems)	
  

Subject/Species Variability 
• Exposure/metabolism 
• Biological response 

Acute/Chronic	
  
Exposure	
  ?	
  Metabolism?	
  

Injury Repair 

Tissue	
  Uptake?	
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Single? 
Repeat? 

ASSAY 

Cell 
Changes 

Cellular 
Networks 

Cellular Systems 

Molecular 
Pathways 

Molecular 
Targets 

Tissue Dose 

Toxicity 

Chemical 

Challenges	
  in	
  PredicHng	
  Human	
  Response:	
  	
  
Assay	
  ConsideraHons	
  

Metabolites?	
  

•  Solubility?	
  
•  ConcentraBon?	
  	
  
•  Protein	
  binding?	
  
•  RelaBonship	
  to	
  plasma	
  levels?	
  Exposure?	
  

S9 (?) 

Measure 

Source?	
  
Quality?	
  

Injury Repair 

External	
  Factors	
  
(including	
  disease,	
  
interacBng	
  systems)	
  

Health Outcome  
Of Interest 

Assay Endpoint 
Predict Assay Variability 

Tissue	
  Uptake?	
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Critical Issues in Using In Vitro Models 

�  Cells don't get disease	
  
�  Not	
  all	
  compounds	
  can	
  be	
  screened	
  in	
  vitro	
  

�  Many	
  compounds	
  undergo	
  metabolism	
  	
  

�  Results	
  depend	
  on	
  study	
  condiHons,	
  may	
  vary	
  widely	
  

�  Need	
  to	
  extrapolate	
  from	
  cell	
  to	
  organ,	
  acute	
  to	
  chronic	
  

�  Need	
  to	
  be	
  extrapolate	
  from	
  in	
  vitro	
  concentraHons	
  to	
  
plasma/Hssue	
  levels	
  and	
  in	
  vivo	
  doses	
  

�  Need	
  to	
  understand	
  toxicity	
  mechanisms	
  and	
  confirm	
  
the	
  presence	
  of	
  human	
  toxicity/disease	
  pathways	
  	
  

�  Need	
  to	
  consider	
  the	
  relaHon	
  to	
  human	
  toxicity	
  

�  How	
  to	
  predict	
  human variability? 
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Assay	
  Data	
  Can	
  Show	
  Significant	
  Variability	
  

0.001 0.01 0.1 1 10 100 1000 10000 100000
Tramadol

Codeine
Meperidine

Propoxyphene
Pentazocine

Hydrocodone
Oxycodone

Diphenoxylate
Alfentanil

Methadone
Nalbuphine

Fentanyl
Morphine

Butorphanol
Levorphanol

Oxymorphone
Hydromorphone

Buprenorphine
Sufentanil

Ki (nM)

As	
  much	
  as	
  10-­‐	
  to	
  100,000-­‐fold	
  Ki	
  differences	
  observed,	
  e.g.	
  literature	
  Ki values	
  
for	
  the	
  reference	
  drug	
  morphine	
  ranged	
  from	
  0.3-­‐611	
  nM	
  

Sources of variability: 
•  Different assays systems 
•  Different radioligands 
•  Different analysis methods 

Volpe et al. (2011) Regul Toxicol Pharmacol 59:385-90  

Which the 'correct' result? 



Di
vi
sio

n	
  
of
	
  D
ru
g	
  
Sa
fe
ty
	
  R
es
ea
rc
h	
  

From	
  Assay	
  Endpoints	
  to	
  Toxicity	
  and	
  AEs	
  

Toxicity	
  mechanisms	
  
�  Cellular/biochemical	
  changes	
  
�  Structural	
  changes	
  
�  FuncHonal	
  changes	
  
◦  Electrical	
  	
  
◦  Mechanical	
  
◦  Pressure/flow	
  

Clinical	
  manifestaHons	
  
�  CHF	
  /	
  myopathy	
  
�  Valvulopathy	
  
�  Arteriopathy	
  
�  Arrhythmias	
  (QT/non-­‐QT)	
  
�  High/low	
  blood	
  pressure	
  	
  
	
  

From Coker (2008) Pharmacology & Therapeutics 

Example:  
How is cardiotoxicity defined à What can be measured in vitro? 
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DRUG	
  DEVELOPMENT	
  TOOLS:	
  

QUALIFICATION	
  AND	
  CONTEXT	
  OF	
  USE 
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FDA and Alternative Testing 

“… There are still many areas where animal 
testing is necessary and non-animal testing is not 
yet a scientifically valid and available option. 
However, FDA has supported efforts to reduce 
animal testing. In addition, FDA has research and 
development efforts underway to reduce the 
need for animal testing and to work toward 
replacement of animal testing.” 
 
http://www.fda.gov/AboutFDA/Transparency/Basics/ucm194932.htm 

24 
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Drug Development Tool Qualification 

�  FDA	
  program	
  that	
  provides	
  a	
  mechanism	
  for	
  formal	
  
review	
  by	
  CDER	
  to	
  qualify	
  new	
  tools	
  that	
  would	
  broadly	
  
benefit	
  drug	
  development	
  

�  Currently,	
  3	
  programs	
  have	
  been	
  implemented:	
  
◦  Biomarkers	
  
◦  Clinical	
  outcome	
  assessments	
  
◦  Animal	
  models	
  

�  Qualifica'on	
  does	
  not	
  apply	
  to:	
  
◦  Assays	
  
◦  Computa'onal	
  models	
  

�  Are	
  qualificaHon	
  concepts	
  useful	
  in	
  developing	
  tools	
  for	
  
general	
  use	
  in	
  drug	
  R&D	
  and	
  regulatory	
  decision	
  making?	
  

http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM230597.pdf 
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Assay	
  ValidaHon	
  and	
  QualificaHon	
  

�  Technical	
  Assay	
  Data	
  
◦  Measurement	
  methodology	
  (performance	
  characterisHcs)	
  
◦  Physical	
  devices	
  used	
  
◦  Specialized	
  soqware	
  needed	
  	
  
◦  Key	
  operaHng	
  characterisHcs	
  of	
  the	
  measurement	
  system	
  
◦  General	
  availability	
  of	
  the	
  components	
  (as	
  compared	
  to	
  
components	
  possessed	
  only	
  by	
  the	
  submiber	
  and	
  not	
  available	
  
to	
  organizaHons	
  outside	
  the	
  submiber	
  group)	
  

	
  
�  Context	
  of	
  Use	
  
◦  Concept	
  to	
  be	
  measured	
  	
  
◦  Targeted	
  claims	
  
◦  Role	
  of	
  the	
  planned	
  measure	
  in	
  drug	
  development	
  
◦  JusHficaHon	
  for	
  the	
  proposed	
  context	
  of	
  use	
  

26 
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Development	
  and	
  External	
  ValidaHon	
  of	
  In	
  
Vitro	
  Models:	
  Use	
  of	
  Test	
  Compounds	
  
�  Exemplar	
  compounds	
  are	
  commonly	
  used	
  as	
  
standards	
  to	
  validate	
  new	
  assays	
  and	
  models:	
  
◦  TesHng	
  for	
  physiological	
  competence	
  
◦  PosiHve/negaHve	
  controls	
  for	
  drug	
  efficacy	
  	
  
◦  PosiHve/negaHve	
  controls	
  for	
  drug	
  toxicity	
  

� Many	
  exemplar	
  compounds	
  are	
  non-­‐specific	
  
and	
  exhibit	
  other	
  types	
  of	
  acHvity	
  

� Many	
  toxiciHes	
  involve	
  interacHons	
  between	
  
mulHple	
  systems	
  and	
  their	
  response	
  

�  Not	
  all	
  compounds	
  are	
  assay-­‐friendly!	
  
◦  Drugs	
  occupy	
  a	
  small	
  part	
  of	
  total	
  chemistry	
  space	
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Drugs 

ToxCast_Phase II 
ToxCast_Phase I 

ToxCast/Tox21 Libraries: Chemical Space 

"   LOG P =  log (Octanol/Water Partition Coefficient) 
"   TPSA =  Total Polar Surface Area 
"   Complexity =  log (complexity based on paths, branching, atoms) 
Chemical properties computed using “Adrianna” software by Molecular Networks. 

“ADME” Space (Lipinski)  
•   LOG P = -0.4 - +5.6 
•   Molar refractivity: 40 – 130 
•   MW: 160 – 500 
•   # atoms: 20 - 70 
•   TPSA  < 140 A 
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Criteria	
  for	
  SelecHng	
  Test	
  Compounds	
  

Need	
  to	
  demonstrate:	
  

�  Do	
  in	
  vitro	
  models	
  respond	
  to	
  test	
  compounds	
  
with	
  the	
  expected	
  organ-­‐specific	
  effects?	
  

�  Do	
  more	
  complex	
  in	
  vitro	
  (organ)	
  models	
  
respond	
  to	
  test	
  compounds	
  with	
  the	
  expected	
  
systemic	
  effects	
  (funcHon	
  /	
  toxicity)?	
  

�  SelecHon	
  of	
  test	
  compounds	
  should	
  consider:	
  
◦  Individual	
  cell	
  funcHon	
  à	
  target	
  organ	
  toxicity	
  
◦  Individual	
  organ	
  funcHon	
  à	
  linked	
  organ	
  funcHon	
  
◦  Direct	
  organ	
  toxiciHes	
  à	
  dependent	
  organ	
  toxiciHes	
  
◦  Assay	
  read-­‐outs?	
  à	
  health	
  outcomes	
  of	
  interest?	
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A Possible Chemical Testing Paradigm for 
Complex In Vitro Assays 

3D organ structure 
assemblies 

Linked multiple 
organ systems 

Test Compounds # 1 

Test Compounds # 2  

Test Compounds # 3  

Evaluate and optimize  
cell response 

Evaluate and optimize  
organ response 

Evaluate and optimize  
system response 
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Defining	
  Endpoints	
  

� Many	
  different	
  kinds	
  of	
  organ	
  toxicity	
  	
  
�  Various	
  ways	
  to	
  assess	
  organ	
  toxicity	
  
◦  Altered	
  changes	
  in	
  funcHon	
  
◦  Biomarkers	
  (gene,	
  protein,	
  biochemical,	
  IHC)	
  
◦  Histological	
  changes	
  

� Many	
  in	
  vitro	
  assays	
  rely	
  on	
  similar	
  endpoints	
  
to	
  assess	
  pharmacological/toxicological	
  effects	
  

�  Are	
  there	
  specific	
  (human)	
  outcome	
  data	
  that	
  
can	
  be	
  used	
  to	
  benchmark	
  assay	
  predicHons?	
  

�  Linking	
  concentraHons	
  to	
  exposures	
  and	
  doses?	
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Drugs	
  Adversely	
  AffecHng	
  FuncHon	
  

Examples:	
  
�  Drugs	
  that	
  cause	
  QT	
  prolongaHon	
  
�  Drugs	
  that	
  increase	
  blood	
  pressure	
  
�  Drugs	
  that	
  cause	
  immunosuppression	
  (e.g.,	
  
challenge	
  the	
  system	
  with	
  a	
  relaHvely	
  benign	
  
infecHous	
  agent,	
  etc.)	
  

�  Drugs	
  that	
  cause	
  severe	
  headaches,	
  dizziness,	
  
mental	
  alertness,	
  nausea,	
  severe	
  skin	
  rash,	
  
insomnia,	
  and	
  other	
  paHent	
  reported	
  outcomes	
  
◦  May	
  need	
  new	
  measures/biomarkers	
  of	
  funcHon	
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Drugs	
  Producing	
  Toxicity	
  

Examples:	
  
� Organ-­‐specific	
  toxiciHes:	
  
◦  Liver:	
  hepatocyte	
  injury,	
  funcHonal	
  deficits	
  (including	
  
metabolic	
  changes,	
  failure)	
  
◦  Heart:	
  contracHle	
  failure,	
  remodeling,	
  lesions	
  
◦  Kidney:	
  diuresis,	
  tubular	
  necrosis,	
  failure	
  
◦  Pulmonary:	
  obstrucHon,	
  necrosis,	
  edema	
  

� 	
  System-­‐dependent	
  organ	
  toxiciHes	
  
◦  Adverse	
  systemic	
  effects	
  downstream	
  from	
  Hssue	
  
with	
  the	
  drug	
  target	
  
◦  Drugs	
  for	
  which	
  metabolism	
  is	
  important	
  
◦  Drugs	
  that	
  induce	
  a	
  cytokine	
  storm	
  



Di
vi
sio

n	
  
of
	
  D
ru
g	
  
Sa
fe
ty
	
  R
es
ea
rc
h	
  

Some	
  Examples:	
  	
  Possible	
  Test	
  Compounds	
  

(1) To assess functional competence of the tissue/system 

Endogenous  
regulators 

Neurotransmitters (e.g. acetylcholine, norepinephrine); 
cytokines (e.g. TNFα, IFNγ, IL-6), hormones, others 

Functional probes e.g. CYP, transporter substrates 

(2) To assess pharmacological competence (efficacy, toxicity) at organ/system levels 

Cancer e.g. Anthracyclines, tyrosine kinase inhibitors, 5-Fluorouracil, 
platinum-based drugs 

Cardiovascular e.g. Calcium channel blockers;  α / β receptor blockers, Na 
channel blockers; QT prolonging drugs; drugs producing cardiac 
failure; drugs increasing heart attack risk 

Liver e.g. Direct liver toxicants; drugs with reactive metabolite; drugs 
associated with idiosyncratic liver toxicity 

Renal e.g. Interstitial nephritis; tubular toxicity; microvascular toxicity 

Pulmonary e.g. Bronchodilators/constrictors;  inflammation/fibrosis 

Neural  e.g. Developmental; direct neurotoxicants 
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Context	
  of	
  Use	
  

�  Key	
  concept	
  in	
  the	
  qualificaHon	
  process	
  

�  Refers	
  to	
  a	
  clearly	
  arHculated	
  descripHon	
  
delineaHng	
  the	
  manner	
  and	
  purpose	
  of	
  use	
  for	
  
the	
  tool	
  (when	
  and	
  how	
  will	
  it	
  be	
  used?)	
  

�  Also	
  defines	
  the	
  boundaries	
  for	
  which	
  the	
  
available	
  data	
  jusHfy	
  the	
  use	
  of	
  the	
  tool	
  

� Models	
  and	
  assays	
  are	
  inevitably	
  associated	
  
with	
  limitaHons,	
  so	
  it	
  is	
  important	
  to	
  define:	
  
�  The	
  context	
  in	
  which	
  results	
  are	
  intended	
  to	
  be	
  used	
  
�  The	
  specific	
  human	
  outcomes	
  that	
  will	
  be	
  predicted	
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Preclinical	
  Data	
  in	
  Drug	
  Development	
  and	
  
Possible	
  Contexts	
  of	
  Use	
  

Preclinical	
  pharmacology	
  
◦  Suggest	
  a	
  reasonable	
  
mechanism	
  of	
  acHon	
  
◦  Assess	
  an	
  appropriate	
  dosing	
  
schedule	
  
◦  JusHfy	
  drug	
  combinaHons	
  
◦  Understand	
  effects	
  at	
  the	
  
molecular	
  target	
  	
  
◦  IdenHfy	
  and	
  evaluate	
  
biomarker	
  performance	
  

Preclinical	
  toxicology	
  
◦  Select	
  a	
  safe	
  starHng	
  dose	
  in	
  
humans	
  	
  
◦  Gain	
  an	
  understanding	
  of	
  target	
  
organ	
  toxicity	
  and	
  its	
  potenHal	
  
reversibility	
  
◦  EsHmate	
  the	
  margin	
  of	
  safety	
  
between	
  a	
  clinical	
  and	
  a	
  toxic	
  
dose	
  
◦  Predict	
  pharmacokineHc	
  and	
  
pharmacodynamic	
  parameters	
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Summary	
  

�  FDA	
  is	
  supporHng	
  efforts	
  to	
  reduce	
  animal	
  tesHng	
  

�  CDER's	
  qualificaHon	
  process	
  does	
  not	
  apply	
  to	
  
assays,	
  but	
  its	
  concepts	
  may	
  be	
  useful	
  when	
  
evaluaHng	
  appropriateness	
  of	
  assays	
  for	
  broad	
  
use	
  in	
  drug	
  development:	
  
◦  Technical	
  specificaHons	
  
◦  Context	
  of	
  use	
  

�  Can	
  the	
  applicaHon	
  of	
  new	
  in	
  vitro	
  technologies	
  
to	
  drug	
  discovery	
  improve	
  candidate	
  selecHon	
  
and	
  reduce	
  abriHon	
  due	
  to	
  efficacy?	
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Thank	
  you!	
  

Thomas	
  J	
  Colatsky	
  
Director,	
  Division	
  of	
  Drug	
  Safety	
  Research	
  
OTR/OPS/CDER	
  
Food	
  and	
  Drug	
  AdministraHon	
  
10903	
  New	
  Hampshire	
  Ave	
  
Silver	
  Spring,	
  MD	
  20993	
  
Tel:	
  301-­‐796-­‐0078	
  
Fax:	
  301-­‐796-­‐9818	
  
E	
  mail:	
  Thomas.Colatsky@fda.hhs.gov	
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