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D
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evelopm
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O
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hat is a C
ontract R

esearch O
rganization ?

A C
ontract R

esearch O
rganization (C

R
O

) is a service organization that 
provides support to the pharm

aceuticaland biotechnology
industries via 

research services  that are outsourced
(contracted)

S
ervices m

ay include (bio)pharm
aceutical developm

ent, biological 
assay

developm
ent, preclinical and clinical research, clinical trial 

m
anagem

ent and pharm
acovigilance

D
epending on C

R
O

 size, services com
prise selected drug developm

ent 
aspects or m

ore com
prehensive services including the entire drug 

developm
ent spectrum
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ublic 1.

Laboratory C
orporation of A

m
erica H

oldings (C
ovance)($10.44B 

revenues in 2017)
2.

IQ
V

IA
($9.74B

 revenues in 2017)
3.

S
yneos

H
ealth

($2.67B
 revenues in 2017)

4.
PA

R
E

XE
L International C

orporation
($2.44B

 revenues in 2017)
5.

P
R

A H
ealth S

ciences
($2.26B

 revenues in 2017)
6.

P
harm

aceutical P
roduct D

evelopm
ent (P

P
D

)($1.90B
 revenues in 2017)

7.
C

harles R
iver Laboratories International Inc

(C
R

L) ($1.86B
 revenues in 

2017)
8.

IC
O

N
 P

ublic Lim
ited C

orporation ($1.76B
 revenues in 2017)

9.
W

uxi A
pptec

($1.01B
 revenues in 2017)

10.M
edpace

H
oldings, Inc

($0.44B
 revenues in 2017)

Luca D
ezzani(2018-03-15)."Top 10 G

lobal C
R

O
s 2018".IgeaH

ub
Pharm

aceutical C
lub

Leading C
ontract R

esearch O
rganizations
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esearch Versus S
cience

►
R

esearch

–
R

efers to actual gathering of inform
ation

–
C

an be in a scientific context but not exclusively

►
Science

–
„scientia“ (Latin) m

eans know
ledge

–
S

tarts w
ith a question (e.g. hypothesis)

–
S

ystem
atic approach that finishes w

ith a conclusion

►
R

esearch is a step and is part of the scientific m
ethod
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ent O
verview

“Investigative Safety &
 Efficacy” 

“R
egulatory  Safety &

 Efficacy” (e.g. G
LP, G

M
P, G

C
P)
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Industrial B
io-Test Laboratories

(IB
T Labs) w

as an
A

m
erican

industrial product 
safety testing laboratory. [1][2]IB

T conducted significant quantities of research for 
pharm

aceutical com
panies, chem

ical m
anufacturers and other industrial clients; at 

its height during the 1950s, 1960s, and 1970s, IB
T operated the largest facility of 

its kind and perform
ed m

ore than one-third of alltoxicology testing
in the

U
nited 

S
tates. [3][4][5]IB

T w
as later confirm

ed of engaging in extensive
scientific 

m
isconduct, or m

ore properly, fraud, w
hich resulted in the indictm

ent of its 
president and several top executives in 1981 and convictions in 1983. [6][7]The 
revelations of m

isconduct by IB
T Labs led to reform

s in the regulation of 
pesticides in the U

nited S
tates and C

anada.

S
ource: https://en.w

ikipedia.org/w
iki/Industrial_B

io-Test_Laboratories
(visited N

ov 8, 2018)

W
hy G

ood
Laboratory P

ractice (G
LP

) ?
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S
pecifically refers to a quality system

 of m
anagem

ent controls for 
research laboratories and organizations to ensure the uniform

ity, 
consistency,reliability,reproducibility, quality, and integrity of chem

ical 
(including pharm

aceuticals) non-clinical safety tests; from
 physio-

chem
ical properties through acute to chronic toxicity tests

G
ood laboratory practice (G

LP
) for safety tests on chem

icals". M
edicines and H

ealthcare 
products R

egulatory A
gency. 20 January 2017

W
hat is G

ood
Laboratory P

ractice ?
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C
ontract R

esearch -1

•C
ontracted R

esearch
►

Legal contract (finances, tim
e schedule)

•G
ood Laboratory Practice

►
Avoid data fraud

►
S

tandard operating procedures (S
O

P
s)

►
E

verything is quality-controlled (Q
C

) and quality-audited (Q
A

)

•O
ne study plan and one study director
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C
ontract R

esearch -2

•O
ne study plan and one study director

►
O

nly w
ork according to protocol

►
E

very change from
 protocol m

ust be autorized (am
endm

ent, deviation)

►
E

very deviation m
ust be rated (criticial for study validity)

•Test item
 adm

inistration
►

Verify test item
 concentration in dosing form

ulation

►
M

easure test item
 concentration in blood during study

•Final study report is a docum
ent

►
B

asis for regulatory subm
ission

►
A

rchived w
ith lim

ited access

►
C

hanges to report follow
 a special procedure (am

endm
ents)
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D
rug D

evelopm
ent –

A H
ighly R

egulated Industry

EU
 –

European U
nion

U
K –

U
nited Kingdom

U
S –

U
nited States

Australia

Japan

UK

M
exico

Brazil

Korea

India

China

US

EU
50%

G
lobal m

arket

G
lobal H

arm
onization
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ELIXIR
 O

F SU
LFA

N
ILA

M
ID

E’ U
SA 1937

D
rug D

evelopm
ent D

isasters
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►
S

ulfanilam
ide first antim

icrobial drug

►
D

iethylene glycol used as diluent in new
 liquid 

form
ulation w

ithout toxicity testing

►
D

iluent poisonous -antifreeze

►
105 deaths (34 children and 71 adults)
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►
1954 first synthesized by C

hem
ie

G
rünenthal

►
1957 launched sleeping tablet ‘C

ontergan’ onto m
arket

►
S

old in over 40 countries under license

►
U

S
 had not given licensing approval

►
C

aused birth defects in 10,000 to 20,000 babies

►
1961 w

ithdraw
n from

 m
ost m

arkets

Thalidom
ide D

isaster (C
ontergan)  
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Thalidom
ide –

D
isease-based R

isk-B
enefit

•Treatm
ent of erythem

a nodosum
leprosum

(E
N

L) and m
ultiple m

yelom
a

►
A

pproved in the U
S

 in 1998 (for E
N

L)

►
B

enefit/risk m
uch different for later indications

►
A

pproved for M
arketing under a special restricted distribution program

 
approved by FD

A

y
"SY

STE
M

 FO
R

 TH
A

LID
O

M
ID

E
 E

D
U

C
ATIO

N
 A

N
D

 
P

R
E

SC
R

IBIN
G

 SA
FETY (S.T.E.P.S. ®

).“

•B
enefit/R

isk acceptable for E
N

L and m
ultiple m

yelom
a

| C
ontract R

esearch and Preclinical Safety Assessm
ent of N

ew
 M

edicines  D
ecem

ber 17, 2018
15



P
ublic 

S
m

all M
olecule versus Large M

olecule

•
S

m
all M

olecule: chem
ically synthesized

•
B

iologic: P
rotein synthesized in a living system

 

Aspirin
Ibuprofen

Taxol

Insulin

Protein

IgG
1 Antibody
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P
harm

aceuticals vs. B
iopharm

aceuticals
Pharm

aceuticals (“sm
all”)

B
iolopharm

aceuticals (“large”)

Species independent
Species specific

N
on-im

m
unogenic

Im
m

unogenic

M
etabolized

D
egraded (no toxic m

etabolite)

Short acting / short half-life
Long acting / long half-life

C
hronic daily dosing

Interm
ittent dosing

Toxicity
“E

xaggerated pharm
acology”

Linear dose-response curves
B

ell-shaped dose-response curves or plateau

D
irect effects

C
om

plex tem
poral relations

A
pplication in m

ost cases oral
Parenteral routes

C
om

plex form
ulations

Sim
ple form

ulations

G
enerics

N
o generics (“sim

ilar products”-biosim
ilars)
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18 C

ovance E
arly D

evelopm
ent S

olutions 

Lead O
ptim

ization Pathology,
Toxicology, In Vivo

Pharm
acology

Antibody Products &
 R

esearch 
M

odels

Toxicology and Safety Pharm
acology

Large-M
olecule  B

iopharm
aceutical C

M
C

 and B
ioAnalyticalSolutions  

B
iom

arkers / G
enom

ics / C
om

panion D
iagnostics

C
linical Pharm

acology 

C
linical D

evelopm
ent

M
arket Access

R
esearch

P
reclinical

P
hase l

P
hase ll

P
hase lll

P
hase lV

DEVELO
PM

ENT
CO

M
M

ERCIALIZATIO
N

DISCO
VERY

D
rug M

etabolism
 and Pharm

acokinetics

R
egulatory Affairs

Covance supports the discovery and developm
ent of m

ore new
 drugs 

than any other com
pany in the w

orld

Inform
atics

Early Phase D
evelopm

ent Solutions (EPD
S)

C
entral Laboratory

FR
O

M
 LEAD

 O
PTIM

IZATIO
N

 TH
R

O
U

G
H

 C
O

M
M

ER
CIALIZATIO

N



C
om

prehensive S
afety A

ssessm
ent S

olutions
G

eneral Toxicology
From

 S
ingle D

ose to 2 years

G
enetic Toxicology

S
afety P

harm
acology

P
athology

S
pecialty R

outes

Im
m

unotoxicology

D
A

R
T: D

evelopm
ental &

 
R

eproductive Toxicology

A
nim

al W
elfare

P
roviding the safety 

assessm
ent insights 

C
lients need to define the 

safety profile of their 
com

pounds

R
egulated by the 

International C
onference 

on H
arm

onization (IC
H

) 
G

uidelines

R
equired Testing  

P
ublic 
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D
evelopm

ental and R
eproductive 

Toxicity/Toxicology

D
evelopm

ental toxicity: A
ny adverse effect induced prior to attainm

ent of 
adult life. Includes em

bryonic, fetal and postnatal 
effects/m

anifestations. 

R
eproductive

toxicity: E
ffects on m

ale or fem
ale fertility and reproductive 

perform
ance

D
A

R
T
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N
onhum

an
P

rim
ate as R

elevant A
nim

al M
odel

►
m

ouse (100%
 N

onhum
an)

►
chim

eric (33%
 N

onhum
an)

►
hum

anised
(5-10%

 N
onhum

an) 

►
fully hum

an (0%
 N

onhum
an)

M
AB

S
H

AVE EVO
LVED FR

O
M

:

Average use of N
H

P/nonclinical program
m

e
(Van M

eer et al 2013, N
at Biotechnol 31:882-883)
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H
P is the only R

elevant A
nim

al M
odel

►
C

ancer: 16/18 m
A

bs
cynom

olgus m
onkey (C

M
) 

y
only species for 13 m

A
bs, C

M
 &

 rhesus for 2 m
A

bs

►
N

on-cancer: 16/21 m
A

bs
cynom

olgus m
onkey (C

M
)

y
only species for 9 m

A
bs, C

M
 &

 m
arm

oset &
 

chim
panzee for 1 m

A
b

►
32/39 m

Ab
drugs (82%

) w
ith C

M
 as relevant species

M
ore than 30 m

Ab
drugs approved by the end of 2016 in Japan

and CTD
s w

ere available for 39 com
pounds

(cancerous and non-cancerous indications)

Iw
asaki et al (2018) D

rug M
tblPharm

acokinetS1347-4367: 30074-30075
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P
oster A

C
T 2016

2013

E
C

 S
cientific C

onference N
on-A

nim
al A

pproaches -The W
ay Forw

ard 
6 –

7 D
ecem

ber 2016, The E
gg, B

russels 

For this presentation:
PubM

ed search “cynom
olgus & m

onoclonal antibody” since 2017 yielded over 100 papers
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P
arathyroid H

orm
one S

afety E
valuation

for O
steoporosis Therapy

Vahle et al (2008) J B
one

M
inerR

es 23:2033–2039

►
C

om
pound

(Teriparatide) induced
osteosarcom

a
in rat m

odel

►
C

linical study
hold 

►
Long-term

 study (4.5 yrs) –
1.5 yrs

treatm
ent and 3 yrs

posttreatm
entobservation period

►
C

om
pound back on m

arket (Forteo®
) 
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25

ILA
R

IS
®

(canakinum
ab) 

►
C

M
 or rhesus m

onkeys w
ere not acceptable due to lack of target binding

►
M

arm
osets:IL-1β from

 m
arm

oset shares 96%
 identity w

ith hum
an IL-1β, 

full cross-reactivity to m
arm

oset IL-1β, and bioactivity of m
arm

oset IL-1β 
is effectively neutralized by canakinum

ab

►
C

anakinum
ab has been show

n to produce delays in fetal skeletal 
developm

ent in a m
arm

oset P
PN

D
 study 

►
S

im
ilar delays in fetal skeletal developm

ent w
ere observed in m

ice 
adm

inistered a m
urine analog of canakinum

ab

►
D

elays in skeletal ossification are changes from
 the expected ossification 

state in an otherw
ise norm

al structure/bone: these findings are generally 
reversible or transitory and not detrim

ental to postnatal survival 

FD
A M

edication G
uide T2016-102/T2016-103 D

ecem
ber 2016 
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M
A

bs
2018

Jan;10(1):1-17.doi:10.1080/19420862.2017.1389364.E
pub
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O
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A
pproach and O

utcom
e P

aram
eters 

►
18 cases (14/18 >78%

@N
H

P relevant species, C
M

, B
IO

-6 also rhesus)

►
3 cases w

ith N
H

P plus rodent, 1 case w
ith N

H
P plus rabbit

►
For 9 cases, detailed descriptions are provided (B

IO
-1 to B

IO
-9)

►
Target, drug form

at, indication (if disclosed) 
►

Intended pharm
acology

►
P

otential safety risk for hum
an

►
Findings in toxicity studies

►
Value of N

H
P studies

►
Im

pact of N
H

P data on clinical developm
ent

R
ationale

R
eview

 current approaches to the safety assessm
ent of m

A
bs, and collect 

and analyze a cross-section of specific case exam
ples from

 B
IO

 m
em

ber 
com

panies w
here N

H
P safety studies had m

eaningful and profound effects on 
clinical developm

ent.
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O
utcom

es I -O
verview

►
10 cases w

ith term
ination of candidate(s)/target(s)/program

►
7 cases N

H
P only, 2 cases N

H
P+rodent, 1 N

H
P+rabbit

►
4 cases identified new

 toxicities w
ith (potential) hum

an relevance
►

4 cases N
H

P only
►

C
linical program

m
e

enabled/continued and enhanced/adjusted 
clinical m

onitoring

►
4 cases identified “drugged” safety 

►
“Target w

ith theoretical safety liability could be drugged safely” 
►

3 cases N
H

P only, 1 case N
H

P+rodent
►

C
linical program

m
e

enabled/continued and enhanced/adjusted 
clinical m

onitoring

| C
ontract R

esearch and Preclinical Safety Assessm
ent of N

ew
 M

edicines  D
ecem

ber 17, 2018
28



P
ublic 

►
IgG

4 m
A

b
against a cytokine, indication inflam

m
atory diseases

►
C

M
 only relevant toxicity species, no activity in rodents

►
K

O
 m

ouse and hom
olog m

A
b m

ouse studies w
ithout adverse findings

►
N

H
P general toxicity studies w

ithout adverse findings 

►
To cover W

O
C

B
P and young infants, an eP

P
N

D
study w

as run in C
M

y
D

osing from
 gestation day 20 to parturition, infant m

onitoring for 9 m
onths

y
m

A
b w

ell tolerated, norm
al incidence of abortions

y
S

ignificant prolongation of gestation in all anim
als, m

ortality at delivery

y
D

ystocia caused by placental retention

y
Infant m

ortality likely associated w
ith dystocia

y
S

urviving infants developed norm
ally including the im

m
une system

►
eP

P
N

D
study findings not evident in K

O
 m

ice and pregnant m
ice treated w

ith the 
anti-m

ouse cytokine receptor m
A

b

O
utcom

e -D
etailed C

ase S
tudy (B

IO
-5) 
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O
utcom

e -D
etailed C

ase S
tudy (B

IO
-5) -ctd

►
Identification of life-threatening hazard for w

om
en and infants during the latter 

stages of pregnancy -not predicted from
 literature nor from

 m
ice (K

O
 or m

A
b-

treated) 

►
The only appropriate species m

odel for assessing D
AR

T w
as N

H
P 

►
C

ontinued developm
ent in patients w

ith autoim
m

une diseases w
ithout 

unexpected safety findings 

►
Inform

ed consent form
 specifically w

arns against use in pregnancy and 
instructs that w

om
en w

ho becom
e pregnant w

hile receiving B
IO

-5 m
ust stop 

treatm
ent im

m
ediately

M
ESSAG

ES AN
D C

O
NSEQ

UENC
ES:
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S
pinal M

uscular A
trophy (S

M
A

) is characterized by loss of m
otor neurons in the 

spinal cord and low
er brain stem

, resulting in severe and progressive m
uscular 

atrophy and w
eakness. U

ltim
ately, individuals w

ith the m
ost severe type of S

M
A 

can becom
e paralyzed and have difficulty perform

ing the basic functions of life, 
like breathing and sw

allow
ing.

D
ue to a loss of, or defect in the S

M
N

1 gene, people w
ith S

M
A do not produce 

enough survival m
otor neuron (S

M
N

) protein, w
hich is critical for the 

m
aintenance of m

otor neurons. The severity of S
M

A correlates w
ith the am

ount 
of S

M
N

 protein. P
eople w

ith Type 1 S
M

A
, the type that requires the m

ost 
intensive and supportive care, produce very little S

M
N

 protein and do not achieve 
the ability to sit w

ithout support or live beyond tw
o years w

ithout respiratory 
support. P

eople w
ith Type 2 and Type 3 produce greater am

ounts of S
M

N
 protein 

and have less severe, but still life-altering, form
s of S

M
A

.

S
P

IN
R

AZA
®
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�
U

niform
ly 2’-O

-m
ethoxyethyl m

odified (M
O

E
) antisense drug

�
C

orrects the splicing disorder in SM
N

2, resulting in the production 
of fully functional S

M
N

 protein in m
odel system

s

�
In m

ild and severe m
ouse m

odels of S
M

A provides a phenotypic 
and pathological benefit w

hen delivered centrally*

N
usinersen: M

odulating Splicing of S
M

N
2 to Increase 

N
orm

al S
M

N
 P

rotein

O

O

B
H

O

O

O

B

P
O

S

O

O

O

O
C

H
3O

C
H

3

*(H
ua et al., G

enes D
ev., 2010; P

assini et al., S
ciTranslM

ed, 2011; H
ua et al., N

ature, 2011)

SM
N2 G

ene

1
2

2
3

4
5

6
8

SM
N

2 m
R

N
A

1
2a

2b
3

4
5

6
7

8

C
 to T

D
efective Protein, m

issing exon 7

SM
N

2 G
ene

1
2

2
3

4
5

6
8

SM
N

2 m
R

N
A

1
2a

2b
3

4
5

6
7

8

C to T

Functional Protein 7
ISIS-SM

N
Rx
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Juvenile C
ynom

olgus
M

onkey: Study D
esign

G
roup

Treatm
ent

Nom
inal 

Dose (m
g)

Total 
Annual 
Dose (m

g)
Dose C

onc. 
(m

g/m
L)

Dose 
Volum

e 
(m

L)

N
um

ber of anim
als 

Term
inal (Day 
372)

Recovery (Day 
554)

♂
/ ♀

♂
/ ♀

1
aC

S
F

0
0

0
0.75

5/5
2/2

2
Low

 D
ose

0.3
3.9

0.4
0.75

5/5

3
M

id D
ose

1
13

1.3
0.75

5/5

4
H

igh D
ose

4
52

5.3
0.75

5/5
2/2

Adm
inistration by IT Lum

bar Puncture 
5 Loading doses on D

ays 1, 8, 15, 22, 29 (q1w
)

8 M
aintenance doses on D

ays 71, 113, 155, 197, 239, 281, 323, 365 (q6w
)

H
enry et al (2017) S

O
T 56

thA
nnual M

eeting, B
altim

ore, M
D
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H
E

S
I D

evelopm
ental and R

eproductive 
Toxicology –

2nd S
pecies P

roject
►

IC
H

 S
5 guideline

requests
testing

forem
bryofetal developm

entin a 
rodentand

a non-rodentspecies
(typically

rat and
rabbit) 

►
Is

eitherone
species

sufficient? (379 com
pounds evaluated) 

The use
of both

species
recom

m
ended

oversingle
species

use
http://dx.doi.org/10.1080/10408444.2016.1224807; http://dx.doi.org/10.1080/10408444.2016.1224808
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Application Techniques
capsule (X

 R
ay and m

agnetic controlled)

continuous i.v. infusion

oral (gavage)

derm
al 

intraarticular

Intrabronchial (video controlled)

Intracavernous

Intraduodenal

Intram
uscular

Intranasal

(intra)ocular:

►
topical/intravitreal/intracam

eral

intraperitoneal

Intrathecal (also continuous)

intratracheal
(also continuous)

Intravaginal

Intravenous

subcutaneous
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D
iagnostic C

apabilities in M
acaques

infant (neuro)behaviour
intraocular pressure
JE

T/B
P 

laparoscopy
m

enstrual cyclicity
m

odified Irw
in test

nerve conductance/reflex test
pachym

etry
prim

ary cell supply
prostate biopsy/size
sem

en analysis
sperm

atogenesis staging
testis biopsy/size
ultrasonography
W

isconsin learning test
x ray (digital)

bone density (D
XA

, pQ
C

T)
body com

position (D
XA

) 
bronchoscopy/lavage
cardiovascular telem

etry
cerebrospinal fluid (C

S
F)

echocardiography
electroencephalography (E

E
G

)
electroretinography (E

R
G

)
endom

etrial biopsy
geriatric diseases horm

one profiling 
E

thovision®
 (behaviour analysis)

fluorescence angiography
fat/lean body m

ass
high definition oscillom

etry
im

aging (P
E

T &
 S

P
E

C
T, C

T, M
R

T)
im

m
unotoxicity (IP

T, N
K

, K
LH

, etc.)
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►
R

E
FIN

E
M

E
N

T
y

O
pportunities 

►
R

E
D

U
C

TIO
N

 

y
O

pportunities
►

R
E

PLA
C

EM
E

N
T

y
O

pportunities 
y

C
hallenging on a larger scale and from

 today‘s perspective    

C
R

O
 P

erspective on 3R
s in B

iom
edicine/D

rug 
D

evelopm
ent

37

Validation and
R

egulatory
A

cceptance
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M
icrosam

pling (< 50 µl): ~ 65-75%
 reduction in 

anim
al num

bers (m
ouse and rat) 

R
e-use of anim

als:

•
> 90%

 reduction in m
inipig use for P

K
 studies

•
re-use of control anim

als is encouraged w
here possible e.g. IC

H
 S

6(R
1)

•
Industry challenging the need for “recovery“ anim

als on studies

R
efined blood sam

pling
approach: better scientific data and 

>50%
 reduction in rat use for P

K
 studies

G
uideline m

odifications and increased scientific know
ledge in 

biopharm
aceutical drug developm

ent:
~ 50%

 reduction in N
H

P use/biopharm
aceutical candidate 

C
R

O
 P

erspective on 3R
s: R

eduction
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/?id=
20&
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buchnr=7961
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uestions ! 
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bout C
ovance / Thank You

•C
ovance Inc., headquartered in Princeton, N

J, U
SA, is the drug 

developm
ent business of Laboratory C

orporation of Am
erica H

oldings 
(LabC

orp). C
O

VAN
C

E is a registered tradem
ark and the m

arketing 
nam

e for C
ovance Inc. and its subsidiaries around the w

orld.


