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Predictivity of Nonclinical Male Reproductive
Findings for Human Effects
Anthony R. Scialli *1, Richard V. Clark2, and Robert E. Chapin3

Background: Testing of pharmaceutical products for reproductive toxicity in
male laboratory animals is required for registration. Methods: We evaluated
whether the results of studies showing male reproductive toxicity in
experimental animals was predictive of reproductive effects in men
participating in clinical trials. We surveyed companies for information on
pharmaceutical candidates that had shown male reproductive toxicity in
nonclinical studies for which there was information on male reproductive
effects in clinical trials. Results: Among 12 pharmaceutical candidates
submitted by five companies, only one compound that had shown male
reproductive toxicity in experimental animals also demonstrated reproductive
toxicity in men. Conclusion: In this sample of compounds, nonclinical studies

appeared to over-predict reproductive toxicity in men. We identified possible

reasons for the apparent lack of predictivity of the experimental animal

studies.

Birth Defects Research 00:000–000, 2017.
VC 2017 Wiley Periodicals, Inc.

Key words: male reproduction; reproductive toxicity; animal-human concord-
ance; testicular toxicity; nonclinical studies

Introduction
Male reproductive toxicity testing in experimental animals is
required for the approval of pharmaceutical products in the
United States, Europe, and elsewhere. Implicit in experimen-
tal animal testing is the expectation that human risk can be
predicted by data from these nonclinical studies. Specific
requirements for reproductive toxicity testing of pharmaceut-
icals is contained in the guidelines of the International Con-
ference on Harmonization of Technical Requirements for
Registration of Pharmaceuticals for Human Use (ICH S5(R2),
2005), which are currently under revision (ICH S5(R3),
2015).

In conjunction with the development of the ICH guide-
lines in the 1990s, a literature review was prepared on the
detection of effects of chemicals on male reproduction
(Ulbrich and Palmer, 1995). The paper summarized the
results of studies on 117 compounds or groups of com-
pounds in which male reproductive findings were reported
in experimental animals. The authors considered any
adverse finding at any exposure level to be potentially pre-
dictive, and they concluded that histopathology and weight
of male reproductive organs were the best nonclinical end-
points for the detection of reproductive toxicity. In a com-
parison of experimental animal results for 46 compounds
with available human data, adverse outcomes were shown

in at least one experimental species for most of the com-
pounds considered to have adverse male reproductive
effects in men.

A survey of manufacturers indicated that most compa-
nies encounter evidence of testicular toxicity in nonclinical
studies at least occasionally during drug development
(Sasaki et al., 2011). The responses to these findings varied,
with many companies performing additional testing on a
case-by-case basis. In some instances, the additional testing
included monitoring of male reproductive endpoints in clini-
cal studies. Although the Ulbrich and Palmer (1995) review
suggests that some problematic exposures in men can be
predicted by exposure levels in experimental animal studies,
it is not known how often male reproductive findings in
non-clinical drug development programs correctly predict
human effects when male reproductive endpoints are
included in clinical programs. The survey reported here
attempted to estimate how often experimental animal find-
ings might predict reproductive effects in men.

Materials and Methods
This study was performed by the Developmental and Repro-
ductive Toxicology Technical Committee of the International
Life Sciences Institute Health and Environmental Sciences
Institute. Questionnaires were sent to member companies
requesting information on pharmaceutical products for
which there were experimental findings of male reproduc-
tive toxicity that led to the inclusion of any type of male
reproductive safety monitoring in the clinical program.

The survey document requested the compound class but
no other identifying information, and respondents were
encouraged to provide what information they could, recog-
nizing that there might be proprietary concerns in the provi-
sion of complete responses. Information was requested on
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the nature of the non-clinical findings and the dose level at
which they were observed. The clinical findings and associ-
ated dose level also were requested.

The analytical plan included a calculation of the predic-
tive value of male reproductive toxicity findings in an
experimental animal study at any dose level for any abnor-
mal male reproductive findings in the clinical program.

Results
Responses were received regarding 12 pharmaceutical
candidates from five different companies (Table 1). There
was one case (Compound 11) in which the experimental
study predicted the human response. In this case, there
were abnormalities of testicular histology and decreases in
serum testosterone in dogs, and men had decreases in
serum testosterone. The remaining 11 compounds pro-
duced adverse effects in one or more experimental species,
but no adverse effects were identified in men. Considering
all 12 compounds, the predictive value of a finding in an
experimental animal study was 1/12 or 8.5%.

Among the 11 compounds that gave potentially non-
predictive responses in the non-clinical studies, 5 com-
pounds were evaluated in men using serum hormone con-
centrations without semen analysis or testicular histology
(Compounds 3, 5, 6, 7, and 9). Removing these cases as
possibly including inadequate assessment of human repro-
duction potential leaves a predictive value for the remain-
ing set of 1/7 or 14%.

One of the compounds (Compound 8) demonstrated
adverse testicular histology in dogs but not in rats, monkeys,
or men. The dog findings occurred at 0.1 times the human
plasma concentration (area under the curve, or AUC) basis.
The rat and monkey studies were conducted at up to 18 and
11 times, respectively, the human AUC exposure basis. In
this instance, a risk assessment based on the most sensitive
species would have been misleading.

An examination of the exposure multiples at which the
experimental animal findings occurred shows that no-
observed-adverse-effect levels (NOAELs) were usually less
than 10 times the human therapeutic concentration on a
plasma AUC basis. Lowest-observed-adverse-effect levels
(LOAELs) were 0.1, 7, 12, 40, or 200 times the human dose
for the five compounds for which this information was pro-
vided, including Compound 8 mentioned previously.

Discussion
This survey was intended to address the question of how
often adverse male reproductive findings in experimental
animal studies are predictive of adverse male reproductive
effects in clinical trials. We accepted any adverse effect at
any exposure level in an experimental animal study as
potentially predictive of human reproductive risk, similar
to the method of Ulbrich and Palmer (1995) in their evalu-
ation of the published literature on male reproductive

toxicity in experimental animals. The predictive value of
experimental animal findings for adverse effects in men in
our sample was 8 to 14%, depending on whether the
studies in men used semen analysis, testicular histopathol-
ogy, or only reproductive hormone concentrations in
peripheral blood. Although serum testosterone and lutei-
nizing hormone (LH) would be expected to reflect Leydig
cell function, and follicle stimulating hormone (FSH) and
inhibin-B would be expected to reflect Sertoli cell function
and the general health of the seminiferous tubule, these
hormone measurements are probably insufficiently sensi-
tive surrogates for semen analysis endpoints in men
(Green et al., 2013). It is not known how many com-
pounds are withdrawn from development because of tes-
ticular toxicity observed in non-clinical studies and a
reluctance to carry out further clinical studies that might
not provide definitive results. Recommendations in the
United States Food and Drug Administration draft guid-
ance on the evaluation of testicular toxicity during drug
development (U.S. FDA, 2015) may also influence company
development decisions when there have been non-clinical
signals of testicular toxicity. Clinical studies to evaluate
possible effects on spermatogenesis require adequate
duration of exposure of at least two to three spermato-
genic cycles and adequate sampling to compensate for
individual variation in semen endpoints, for example, three
samples over 2 weeks at each study assessment time point
(Amory et al., 2007).

The sample of studies described in the present manu-
script was limited to voluntary submission by members of
the Developmental and Reproductive Toxicology Technical
Committee of the International Life Sciences Institute
Health and Environmental Sciences Institute and may not
be representative of the universe of pharmaceutical candi-
dates that have undergone experimental animal testing
with male reproductive end-points. Failure of studies in
men to identify adverse male reproductive effects could
have been due to some or all of the following four factors,
or perhaps additional factors:

1. High dose levels or exposure concentrations in the exper-
imental animal studies. Compound 7, for example, pro-
duced findings in experimental animals at 200 times
the human AUC concentration, and the NOAEL was 12
times the human dose on a plasma concentration basis.
It may be unrealistic to expect men treated with this
compound at 1/12th the animal NOAEL to demonstrate
adverse reproductive effects;

2. Insufficient sensitivity (or relevance) of the endpoints
used in men. Semen analysis or reproductive hormones
may not be capable of identifying modest histopatho-
logical testicular changes such as delayed spermiation
that can be readily appreciated in experimental animal
studies. Indeed, the variation between a pair of same-

2 PREDICTIVITY OF NON-HUMAN REPRODUCTIVE TOXICITY IN HUMANS



TA
BL

E
1.

Su
rv

ey
R

es
po

ns
es

M
ar

gi
n

ba
se

d
on

AU
C

un
le

ss
ot

he
rw

is
e

no
te

d

Cl
as

s
Sp

ec
ie

s
N

on
-c

lin
ic

al
fin

di
ng

s
LO

AE
L

N
OA

EL
Cl

in
ic

al
de

si
gn

Cl
in

ic
al

fin
di

ng
s

1
A

nt
iv

ira
l

R
at

Se
m

in
ife

ro
us

tu
bu

le
de

ge
ne

ra
tio

n,
8

of

15
at

hi
gh

do
se

,
23

%
re

du
ct

io
n

in

m
ot

ili
ty

,
no

ch
an

ge
in

co
un

t.
R

ec
ov

-

er
ed

af
te

r
ex

po
su

re
st

op
pe

d.

12
7

Se
m

en
su

b-
st

ud
y.

20
m

en
/a

rm
,

3
ar

m
s

(s
ta

nd
ar

d
ca

re
[r

ib
a-

vi
rin

/in
te

rf
er

on
]1

pl
ac

eb
o

or

lo
w

do
se

or
hi

gh
do

se
).

2

se
m

en
sa

m
pl

es
pr

e-
st

ar
t

an
d

th
en

2
sa

m
pl

es
ea

ch
at

w
ee

k
12

,
24

,
36

,
an

d
60

.

En
ro

lle
d

n5
20

/a
rm

;
�

10
/

ar
m

fin
is

he
d

N
o

ch
an

ge
fr

om
ba

se
lin

e
in

an
y

sp
er

m
/s

em
en

m
ea

su
re

or
re

pr
o-

du
ct

iv
e

ho
rm

on
es

2
P

ai
n/

C
N

S

(p
ub

lis
he

d
as

Si
kk

a
et

al
.,

20
15

)

R
at

R
ed

uc
ed

sp
er

m
co

un
t,

m
ot

ili
ty

,
fe

rt
ili

ty
,

an
d

lit
te

r
si

ze
.

In
cr

ea
se

d
ab

no
rm

al

sp
er

m
an

d
pr

e-
im

pl
an

ta
tio

n
em

br
yo

lo
ss

.
H

is
to

lo
gi

ca
ll

es
io

ns
in

te
st

is
an

d

ep
id

id
ym

is

3
N

on
-in

fe
rio

rit
y

de
si

gn
;

90
3

m
en

sc
re

en
ed

,
ra

nd
om

iz
ed

to
pl

a-

ce
bo

(n
5

10
9)

an
d

tr
ea

t-

m
en

t
(n

5
11

1)
.

N
5

70
an

d

75
co

m
pl

et
ed

to
10

w
ee

ks

tr
ea

tm
en

t,
re

sp
ec

tiv
el

y.
Tw

o

se
m

en
sa

m
pl

es
co

lle
ct

ed
at

be
gi

nn
in

g
an

d
en

d
an

d
al

so

14
w

ee
ks

af
te

r
en

d
of

do
si

ng
.

Tr
ea

tm
en

t
w

as
no

n-
in

fe
rio

r
fo

r
nu

m
-

be
r

of
m

en
w

ith
>

50
%

re
du

ct
io

n
in

co
un

t
or

m
ot

ili
ty

or
te

st
os

te
ro

ne

co
nc

en
tr

at
io

ns
.

N
o

ch
an

ge
in

FS
H

,

ab
no

rm
al

fo
rm

s,
or

se
m

en
vo

lu
m

e

3
C

N
S

ac
tiv

e
D

og
3

m
on

th
s:

te
st

is
(s

em
in

ife
ro

us
tu

bu
le

de
ge

ne
ra

tio
n

ch
ar

ac
te

riz
ed

by
m

ul
ti

nu
cl

ea
te

gi
an

t
ce

ll
fo

rm
at

io
n,

de
ge

n

er
at

io
n/

de
at

h
of

sp
er

m
at

id
s,

tu
bu

la
r

di
la

ta
tio

n,
an

d
oc

ca
si

on
al

Se
rt

ol
ic

el
l

va
cu

ol
at

io
n)

an
d

ep
id

id
ym

is
(r

ed
uc

ed

in
tr

al
um

in
al

sp
er

m
an

d
in

tr
al

um
in

al

de
sq

ua
m

at
ed

se
m

in
ife

ro
us

ep
ith

el
ia

l

12

(A
U

C
);

22
(C

m
ax

)

30
tr

ea
te

d
an

d
10

co
nt

ro
ls

in

si
ng

le
as

ce
nd

in
g

do
se

(S
A

D
)

st
ud

y
(J

ap
an

es
e)

66
tr

ea
te

d
an

d
22

co
nt

ro
ls

in

SA
D

st
ud

y

N
o

cl
in

ic
al

ly
si

gn
ifi

ca
nt

ab
no

rm
al

iti
es

in

te
st

os
te

ro
ne

,
pr

ol
ac

tin
,

LH
,

FS
H

,
or

TS
H

at
do

se
s

up
to

6.
25

x
hu

m
an

th
er

ap
eu

tic
do

se

N
o

cl
in

ic
al

ly
re

le
va

nt
tr

ea
tm

en
t-

re
la

te
d

ch
an

ge
s

in
te

st
os

te
ro

ne
,

pr
ol

ac
tin

,

LH
,

FS
H

,
or

TS
H

at
do

se
s

up
to

7.
75

3
hu

m
an

th
er

ap
eu

tic
do

se

BIRTH DEFECTS RESEARCH 00:00–00 (2017) 3



TA
BL

E
1.

Co
nt

in
ue

d

M
ar

gi
n

ba
se

d
on

AU
C

un
le

ss
ot

he
rw

is
e

no
te

d

Cl
as

s
Sp

ec
ie

s
N

on
-c

lin
ic

al
fin

di
ng

s
LO

AE
L

N
OA

EL
Cl

in
ic

al
de

si
gn

Cl
in

ic
al

fin
di

ng
s

R
at

R
at

ce
lls

).
D

ec
re

as
ed

sp
er

m
m

ot
ili

ty
&

co
un

ts
an

d
in

cr
ea

se
d

ab
no

rm
al

m
or

ph
ol

og
y.

Te
st

ic
ul

ar
to

xi
ci

ty
at

m
id

an
d

hi
gh

do
se

;
ge

ne
ra

liz
ed

to
xi

ci
ty

at
hi

gh

do
se

on
ly

.

1
m

on
th

:
re

du
ce

d
w

ei
gh

t
of

te
st

is
,

ep
i

di
dy

m
is

an
d

pr
os

ta
te

w
ith

no
hi

st
o

pa
th

ol
og

ic
al

ch
an

ge
s.

Te
st

ic
ul

ar
to

xi
c

ity
at

hi
gh

do
se

;
ge

ne
ra

liz
ed

to
xi

ci
ty

at

m
id

an
d

hi
gh

do
se

.

3
m

on
th

s:
te

st
is

(t
ub

ul
ar

at
ro

ph
y,

Se
rt

ol
i

ce
ll

va
cu

ol
at

io
n,

sp
er

m
at

og
en

ic
gi

an
t

ce
lls

),
ep

id
id

ym
is

(c
el

lu
la

r
de

br
is

).

Te
st

ic
ul

ar
an

d
ge

ne
ra

liz
ed

to
xi

ci
ty

at

th
e

hi
gh

do
se

.

2.
5

3.
2

34
tr

ea
te

d
m

en
in

14
-d

ay
m

ul
ti

pl
e

as
ce

nd
in

g
do

se
st

ud
y

42
tr

ea
te

d
m

al
e

pa
tie

nt
s

in
28

da
y

P
ha

se
2a

st
ud

y

N
o

cl
in

ic
al

ly
re

le
va

nt
do

se
-r

el
at

ed

ch
an

ge
s

or
tre

nd
s

in
te

st
os

te
ro

ne
,

pr
ol

ac
tin

,
LH

,
FS

H
,

or
TS

H
at

do
se

s

up
to

1.
53

hu
m

an
th

er
ap

eu
tic

do
se

N
o

ev
id

en
ce

of
se

m
in

ife
ro

us
tu

bu
le

dy
sf

un
ct

io
n

w
as

ob
se

rv
ed

us
in

g

se
ru

m
in

hi
bi

n
B

an
d

FS
H

at
hu

m
an

th
er

ap
eu

tic
do

se

4
Sq

ua
le

ne
sy

nt
ha

se
in

hi
bi

to
r

R
at

D
eg

en
er

at
io

n
of

ge
rm

ce
lls

,
va

cu
ol

iz
a-

tio
n

of
Se

rt
ol

ic
el

ls
,

at
ro

ph
y

of
se

m
i-

ni
fe

ro
us

tu
bu

le
s

7
3

50
he

al
th

y
ad

ul
t/d

ou
bl

e-
bl

in
d,

pl
ac

eb
o-

co
nt

ro
lle

d;
m

en

tr
ea

te
d

fo
r

12
w

ee
ks

in
th

e

ar
m

w
ith

se
m

en
ev

al
ua

tio
n.

N
o

si
gn

ifi
ca

nt
ef

fe
ct

on
m

aj
or

se
m

en

va
ria

bl
es

(s
pe

rm
m

or
ph

ol
og

y,
m

ot
il-

ity
,

vi
ab

ili
ty

,
co

un
t,

an
d

co
nc

en
tr

a-

tio
n,

an
d

ej
ac

ul
at

e
vo

lu
m

e)

5
Tr

kA
in

hi
bi

to
r

R
at

13
w

ee
ks

:
Tr

ea
te

d
at

30
%

of
le

th
al

do
se

.
N

o
ch

an
ge

in
bo

dy
w

ei
gh

t
or

ev
id

en
ce

of
ge

ne
ra

lt
ox

ic
ity

.
Sl

ig
ht

to

m
od

er
at

e
at

ro
ph

y
of

th
e

se
m

in
ife

ro
us

tu
bu

le
s.

Lo
w

sp
er

m
co

un
t,

ab
no

rm
al

sp
er

m
,

re
du

ce
d

fe
rt

ili
ty

.
R

ev
er

si
bl

e.

40
13

M
ul

tip
le

as
ce

nd
in

g
do

se
st

ud
y

(n
5

45
);

2-
w

ee
k

du
ra

tio
n.

N
o

ch
an

ge
s

in
FS

H
,

in
hi

bi
n

B
,

LH
,

te
st

os
te

ro
ne

4 PREDICTIVITY OF NON-HUMAN REPRODUCTIVE TOXICITY IN HUMANS



TA
BL

E
1.

Co
nt

in
ue

d

M
ar

gi
n

ba
se

d
on

AU
C

un
le

ss
ot

he
rw

is
e

no
te

d

Cl
as

s
Sp

ec
ie

s
N

on
-c

lin
ic

al
fin

di
ng

s
LO

AE
L

N
OA

EL
Cl

in
ic

al
de

si
gn

Cl
in

ic
al

fin
di

ng
s

6
FA

A
H

in
hi

bi
to

r
R

at
13

w
ee

ks
.

Sp
er

m
at

id
re

te
nt

io
n

in
th

e

se
m

in
ife

ro
us

tu
bu

le
s

at
st

ag
es

IX
to

XI
.

Lo
w

sp
er

m
co

un
t,

ab
no

rm
al

sp
er

m
,

an
d

re
du

ce
d

fe
rt

ili
ty

.

R
ed

uc
ed

te
st

os
te

ro
ne

an
d

pr
os

ta
te

w
ei

gh
t

an
d

ge
ne

ra
liz

ed
to

xi
ci

ty
at

hi
gh

er
do

se
le

ve
ls

.
R

ev
er

si
bl

e
w

ith
in

2
w

ee
ks

.

0.
00

2
Va

se
ct

om
iz

ed
m

en
,

N
5

9
in

si
ng

le
as

ce
nd

in
g

do
se

st
ud

y,

N
5

9
in

m
ul

tip
le

as
ce

nd
in

g

do
se

st
ud

y;
2-

w
ee

k
du

ra
tio

n.

P
ro

of
of

co
nc

ep
t

st
ud

y,
4–

7

w
ee

ks
,

82
su

bj
ec

ts
at

st
ar

t
of

st
ud

y

N
o

ch
an

ge
in

FS
H

,
in

hi
bi

n
B

,
te

st
os

te
r-

on
e,

or
LH

at
43

th
e

pr
oo

f
of

co
nc

ep
t

st
ud

y
do

se

In
cl

us
io

n
of

fe
rt

ile
m

en
ba

se
d

on
in

fo
r-

m
at

io
n

in
in

fo
rm

ed
co

ns
en

t.

7
C

B
2

an
ta

go
ni

st
D

og
D

eg
en

er
at

io
n

an
d

at
ro

ph
y

of
se

m
in

ife
r-

ou
s

tu
bu

le
s,

ab
se

nc
e

of
sp

er
m

in
th

e

ep
id

id
ym

is
,

im
m

at
ur

ity
in

th
e

pr
os

-

ta
te

af
te

r
4

w
ee

ks
,

as
so

ci
at

ed
w

ith

ge
ne

ra
liz

ed
to

xi
ci

ty

20
0

12
6

he
al

th
y

m
al

e
in

si
ng

le
as

en
d-

in
g

do
se

st
ud

y

N
o

ef
fe

ct
on

te
st

os
te

ro
ne

,
LH

,
FS

H
,

in
hi

bi
n

B
,

an
d

SH
B

G

8
En

do
th

el
in

an
ta

go
ni

st
D

og

R
at

M
on

ke
y

A
tr

op
hy

of
se

m
in

ife
ro

us
tu

bu
le

s
th

at

be
ca

m
e

m
or

e
se

ve
re

w
ith

do
se

an
d

du
ra

tio
n.

A
fte

r
52

w
ee

ks
of

do
si

ng

an
d

52
w

ee
ks

of
re

co
ve

ry
,

sl
ig

ht

ch
an

ge
s

re
m

ai
ne

d
in

1/
2

an
im

al
s;

N
O

A
EL

at
0.

1%
of

ge
ne

ra
lly

to
xi

c

do
se

le
ve

l,
LO

A
EL

at
1%

of
ge

ne
ra

lly

to
xi

c
do

se
le

ve
l.

N
o

tr
ea

tm
en

t-
re

la
te

d
fin

di
ng

s;
N

O
A

EL

at
70

%
of

ge
ne

ra
lly

to
xi

c
do

se
le

ve
l.

N
o

tr
ea

tm
en

t
tr

ea
tm

en
t

-r
el

at
ed

fin
d

in
gs

;
N

O
A

EL
at

40
%

of
ge

ne
ra

lly
to

xi
c

do
se

le
ve

l.

0.
1

0.
01

2

18 11

D
ed

ic
at

ed
st

ud
y

in
m

en
sc

he
d-

ul
ed

fo
r

or
ch

ie
ct

om
y

fo
r

pr
os

ta
te

ca
nc

er
w

ith
4

w
ee

ks

of
do

si
ng

;
tr

ea
tm

en
t

up
to

3

m
on

th
s

in
so

m
e

su
bj

ec
ts

H
is

to
pa

th
ol

og
y

of
hu

m
an

te
st

is

sh
ow

ed
no

dr
ug

-r
el

at
ed

ch
an

ge
s

BIRTH DEFECTS RESEARCH 00:00–00 (2017) 5



TA
BL

E
1.

Co
nt

in
ue

d

M
ar

gi
n

ba
se

d
on

AU
C

un
le

ss
ot

he
rw

is
e

no
te

d

Cl
as

s
Sp

ec
ie

s
N

on
-c

lin
ic

al
fin

di
ng

s
LO

AE
L

N
OA

EL
Cl

in
ic

al
de

si
gn

Cl
in

ic
al

fin
di

ng
s

9
5-

H
T1

B
/5

-H
T2

A
re

ce
pt

or
an

ta
go

ni
st

R
at

R
at

R
at

R
et

en
tio

n
of

se
m

in
al

flu
id

at
20

0
m

g/

kg
/d

ay
in

1-
m

on
th

st
ud

y

Sm
al

l,
fla

cc
id

te
st

es
;

te
st

ic
ul

ar
tu

bu
la

r

at
ro

ph
y,

Le
yd

ig
ce

ll
hy

pe
rt

ro
ph

y,

hy
pe

rt
ro

ph
y

of
tu

ni
ca

al
bu

gi
ne

a,

em
pt

y
ep

id
id

ym
al

lu
m

en
,

ce
llu

la
r

de
br

is
an

d
eo

si
no

ph
ili

c
gl

ob
ul

es
in

ep
id

id
ym

is
at

15
0

m
g/

kg
/d

ay
in

6-

m
on

th
st

ud
y.

C
ha

ng
es

on
ly

pa
rt

ia
lly

re
ve

rs
ib

le
af

te
r

22
w

ee
k

re
co

ve
ry

pe
rio

d
(p

ar
tia

lr
ep

op
ul

at
io

n
of

te
st

ic
u

la
r

tu
bu

la
r

ep
ith

el
iu

m
);

ge
ne

ra
liz

ed

to
xi

ci
ty

at
10

0
m

g/
kg

/d
ay

fo
r

6
m

on
th

s.

D
ec

re
as

ed
fe

rt
ili

ty
in

de
x,

sp
er

m
m

ot
ili

ty
,

sp
er

m
co

un
t,

an
d

nu
m

be
r

of
sp

er
m

a

tid
s.

A
lte

re
d

sp
er

m
m

or
ph

ol
og

y,

m
ar

ke
d

te
st

ic
ul

ar
tu

bu
la

r
at

ro
ph

y,
ep

i

di
dy

m
al

an
d

pr
os

ta
tic

ch
an

ge
s

at

15
0

m
g/

kg
/d

ay
in

m
al

e
fe

rt
ili

ty
st

ud
y

(m
al

es
tr

ea
te

d
fo

r
4

w
ee

ks
pr

io
r

to

co
ha

bi
ta

tio
n)

N
ot

de
te

rm
in

ed

N
ot

de
te

rm
in

ed

N
ot

de
te

rm
in

ed

40
–4

6
m

al
e

or
fe

m
al

e
pa

tie
nt

s

gi
ve

n
5,

10
,

or
20

m
g

da
ily

fo
r

24
w

ee
ks

N
o

ad
ve

rs
e

ef
fe

ct
s

on
LH

,
FS

H
,

or

to
ta

lt
es

to
st

er
on

e
at

1
ye

ar
po

st
-

tr
ea

tm
en

t

10
G

lu
ca

go
n-

lik
e

pe
pt

id
e-

1
ag

on
is

t
D

og
Fo

ca
ld

ila
tio

n
of

se
m

in
ife

ro
us

tu
bu

la
r

lu
m

en
w

ith
tu

bu
la

r
va

cu
ol

at
io

n
an

d

va
ria

bl
e

ge
rm

ce
ll

la
ye

r
lo

ss
(h

yp
o

sp
er

m
at

og
en

es
is

)
an

d
m

in
im

al
se

g

m
en

ta
ls

pe
rm

st
as

is
in

te
st

es
at

30
0/

10
0
mg

/k
g

tw
ic

e
da

ily
an

d
10

00
/4

00
/

25
0
mg

/k
g

tw
ic

e
da

ily
fo

r
13

w
ee

ks
.

37
2

13
8

pa
tie

nt
s

gi
ve

n
10

mg
tit

ra
-

tio
n

do
se

fo
r

3
da

ys
,

th
en

15

mg
tit

ra
tio

n
do

se
fo

r
4

da
ys

,

th
en

20
mg

m
ai

nt
en

an
ce

do
se

on
D

ay
s

8–
18

2

N
o

ef
fe

ct
s

on
pe

rc
en

t
su

bj
ec

ts
w

ith

�
50

%
de

cr
ea

se
in

sp
er

m
co

nc
en

-

tr
at

io
n,

ej
ac

ul
at

e
sp

er
m

co
un

t,

sp
er

m
m

or
ph

ol
og

y,
sp

er
m

m
ot

ili
ty

,

or
co

nc
en

tr
at

io
ns

of
FS

H
,

LH
,

fr
ee

an
d

to
ta

lt
es

to
st

er
on

e,
ne

ut
ra

la
-

gl
uc

os
id

as
e,

or
in

hi
bi

n
B

.

6 PREDICTIVITY OF NON-HUMAN REPRODUCTIVE TOXICITY IN HUMANS



TA
BL

E
1.

Co
nt

in
ue

d

M
ar

gi
n

ba
se

d
on

AU
C

un
le

ss
ot

he
rw

is
e

no
te

d

Cl
as

s
Sp

ec
ie

s
N

on
-c

lin
ic

al
fin

di
ng

s
LO

AE
L

N
OA

EL
Cl

in
ic

al
de

si
gn

Cl
in

ic
al

fin
di

ng
s

D
og

D
og

R
ev

er
si

bl
e

af
te

r
4-

w
ee

k
re

co
ve

ry

pe
rio

d;
ge

ne
ra

liz
ed

to
xi

ci
ty

at
�

20
0

mg
/k

g/
da

y
fo

r
up

to
12

m
on

th
s.

H
yp

os
pe

rm
at

og
en

es
is

w
ith

fo
ca

lt
o

m
ul

tif
oc

al
va

cu
ol

at
io

n
an

d
at

ro
ph

y
of

se
m

in
ife

ro
us

tu
bu

le
s

an
d

fo
ca

ls
pe

rm

st
as

is
in

th
e

te
st

is
at
�

20
0
mg

/k
g

B
ID

fo
r

12
m

on
th

s;
ge

ne
ra

liz
ed

to
xi

ci
ty

at

�
20

0
mg

/k
g/

da
y

fo
r

up
to

12
m

on
th

s.

Ep
id

id
ym

al
ol

ig
os

pe
rm

ia
or

as
pe

rm
ia

w
ith

tu
bu

la
r

di
la

tio
n

an
d

ep
ith

el
ia

l

de
ge

ne
ra

tio
n

ob
se

rv
ed

at
�

20
0
mg

/k
g

B
ID

.

M
in

im
al

to
m

od
er

at
e

te
st

ic
ul

ar
tu

bu
la

r

di
la

tio
n,

in
cr

ea
se

d
va

cu
ol

at
io

n,

in
cr

ea
se

d
sp

er
m

st
as

is
at

20
mg

/k
g

tw
ic

e
da

ily
,

20
0
mg

/k
g

da
ily

,
or

20
0

mg
/k

g
tw

ic
e

da
ily

gi
ve

n
fo

r
8

m
on

th
s

to
ju

ve
ni

le
(a

ge
16

–1
7

w
ee

ks
)

do
gs

;

ge
ne

ra
liz

ed
to

xi
ci

ty
at
�

20
0
mg

/k
g/

da
y

fo
r

up
to

12
m

on
th

s.
Ep

id
id

ym
al

tu
bu

la
rd

ila
tio

n,
ep

ith
el

ia
ld

eg
en

er
at

io
n,

ol
ig

os
pe

rm
ia

at
20

0
mg

/k
g

da
ily

or
tw

ic
e

da
ily

.R
ev

er
si

bl
e

af
te

r2
-m

on
th

re
co

ve
ry

pe
rio

d

17 6.
8

11
Ta

ch
yk

in
in

N
K

3/
N

K
2

re
ce

pt
or

an
ta

go
ni

st
D

og
D

ec
re

as
ed

te
st

os
te

ro
ne

co
nc

en
tr

at
io

n
at

�
0.

5
m

g/
kg

/d
ay

an
d

LH
le

ve
ls

at

0.
5

m
g/

kg
/d

ay
in

1-
m

on
th

to
xi

ci
ty

st
ud

y
ac

co
m

pa
ni

ed
by

te
st

ic
ul

ar
tu

bu
la

r

0.
04

6
m

en
/g

ro
up

re
ce

iv
ed

si
ng

le

do
se

s
at

2,
5,

12
,

25
,

50
m

g

D
ec

re
as

ed
te

st
os

te
ro

ne
co

nc
en

tr
at

io
ns

at
50

m
g

at
8

ho
ur

s
an

d
12

ho
ur

s

po
st

-d
os

e.
C

oh
or

t
1:

5/
6

su
bj

ec
ts

m
et

pr
e-

de
fin

ed
st

op
pi

ng
cr

ite
ria

:

BIRTH DEFECTS RESEARCH 00:00–00 (2017) 7



TA
BL

E
1.

Co
nt

in
ue

d

M
ar

gi
n

ba
se

d
on

AU
C

un
le

ss
ot

he
rw

is
e

no
te

d

Cl
as

s
Sp

ec
ie

s
N

on
-c

lin
ic

al
fin

di
ng

s
LO

AE
L

N
OA

EL
Cl

in
ic

al
de

si
gn

Cl
in

ic
al

fin
di

ng
s

D
og

de
ge

ne
ra

tio
n/

at
ro

ph
y

an
d

Se
rto

li
ce

ll/

Le
yd

ig
ce

ll
va

cu
ol

at
io

n,
de

cr
ea

se
d

ep
id

id
ym

al
sp

er
m

co
nt

en
t,

an
d/

or

pr
os

ta
tic

at
ro

ph
y

at
�

0.
5

m
g/

kg
/d

ay
.

D
ec

re
as

ed
to

ab
se

nt
te

st
os

te
ro

ne
an

d

de
cr

ea
se

d
LH

le
ve

ls
fr

om
10

m
g/

kg
/

da
y

in
3-

m
on

th
to

x
st

ud
y;

re
ve

rs
ib

le

af
te

r
6-

m
on

th
re

co
ve

ry
pe

rio
d.

A
cc

om
pa

ni
ed

by
de

cr
ea

se
d

te
st

es
,

ep
id

id
ym

id
es

,
pr

os
ta

te
w

ei
gh

ts
an

d

im
pa

ire
d

sp
er

m
io

ge
ne

si
s

an
d/

or

ab
se

nc
e

of
el

on
ga

te
d

sp
er

m
at

id
s

in

te
st

is
,

de
cr

ea
se

d
ep

id
id

ym
al

sp
er

m

co
nt

en
t,

an
d

hy
po

pl
as

ia
/a

tr
op

hy
of

pr
os

ta
te

at
�

10
m

g/
kg

/d
ay

.
A

ll
se

xu
al

or
ga

n
ch

an
ge

s
w

er
e

re
ve

rs
ib

le
af

te
r

6-
m

on
th

re
co

ve
ry

pe
rio

d
(1

00
m

g/
kg

/

da
y)

.
G

en
er

al
iz

ed
to

xi
ci

ty
at
�

10
m

g/

kg
/d

ay
fo

r
3

m
on

th
s.

0.
02

te
st

os
te

ro
ne

<
6.

9
m

M
an

d/
or

de
cr

ea
se
>

50
%

fr
om

m
ea

n
tim

e-

m
at

ch
ed

D
ay

-1
va

lu
es

.
C

oh
or

t
2:

4/

6
su

bj
ec

ts
ha

d
de

cr
ea

se
d

te
st

os
te

ro
ne

.

12
P

yr
im

id
in

e
sy

nt
he

si
s

in
hi

bi
to

r
M

ou
se

Te
st

ic
ul

ar
at

ro
ph

y/
de

ge
ne

ra
tio

n;
si

m
ila

r

ef
fe

ct
s

in
pr

os
ta

te
,

se
m

in
al

ve
si

cl
es

at

60
or

10
0

m
g/

kg
/d

ay
fo

r
2

w
ee

ks
;

ge
ne

ra
liz

ed
to

xi
ci

ty
at
�

30
m

g/
kg

/d
ay

fo
r

up
to

3
m

on
th

s

N
ot

de
te

rm
in

ed
14

pa
tie

nt
s/

gr
ou

p
–

10
0

m
g

da
ily

fo
r

3
da

ys
,

th
en

20
m

g

da
ily

m
ai

nt
en

an
ce

do
se

fo
r

12
w

ee
ks

,
th

en
12

-w
ee

k

tr
ea

tm
en

t-
fr

ee
ph

as
e

P
os

si
bl

e
tr

en
d

to
w

ar
ds

de
cr

ea
se

d

sp
er

m
co

un
t

bu
t

re
la

tio
ns

hi
p

to

tr
ea

tm
en

t
co

ul
d

no
t

be
ex

cl
ud

ed

du
e

to
sm

al
ls

am
pl

e
si

ze
(n

5
14

)

an
d

hi
gh

va
ria

bi
lit

y
of

se
m

en
da

ta
.

D
ec

re
as

ed
sp

er
m

de
ns

ity
w

as
tr

an
-

si
en

t
an

d
no

t
ap

pa
re

nt
3

m
on

th
s

po
st

-t
re

at
m

en
t.

8 PREDICTIVITY OF NON-HUMAN REPRODUCTIVE TOXICITY IN HUMANS



TA
BL

E
1.

Co
nt

in
ue

d

M
ar

gi
n

ba
se

d
on

AU
C

un
le

ss
ot

he
rw

is
e

no
te

d

Cl
as

s
Sp

ec
ie

s
N

on
-c

lin
ic

al
fin

di
ng

s
LO

AE
L

N
OA

EL
Cl

in
ic

al
de

si
gn

Cl
in

ic
al

fin
di

ng
s

R
at

R
at

D
og

G
er

m
in

al
ep

ith
el

iu
m

at
ro

ph
y

in
te

st
es

at

20
m

g/
kg

/d
ay

fo
r

1
m

on
th

D
ec

re
as

ed
ep

id
id

ym
al

sp
er

m
co

un
t

at

4
m

g/
kg

/d
ay

;
no

ef
fe

ct
on

sp
er

m

m
ot

ili
ty

or
fe

rt
ili

ty
en

dp
oi

nt
s

at
up

to

an
d

in
cl

ud
in

g
4

m
g/

kg
/d

ay
fo

r
10

w
ee

ks
pr

io
r

to
co

ha
bi

ta
tio

n,
th

ro
ug

h

co
ha

bi
ta

tio
n,

un
til

eu
th

an
as

ia
(�

13
–

14
w

ee
ks

to
ta

l);
ge

ne
ra

liz
ed

to
xi

ci
ty

at

�
4

m
g/

kg
/d

ay
fo

r
up

to
3

m
on

th
s

D
ec

re
as

ed
pr

os
ta

te
an

d
te

st
es

w
ei

gh
ts

at
16

m
g/

kg
/d

ay
fo

r
3

m
on

th
s

ge
ne

r

al
iz

ed
to

xi
ci

ty
at
�

16
m

g/
kg

/d
ay

fo
r

up
to

3
m

on
th

s.

N
ot

de
te

rm
in

ed

N
ot

de
te

rm
in

ed

N
ot

de
te

rm
in

ed

C
N

S
,

ce
nt

ra
l

ne
rv

ou
s

sy
st

em
;

TS
H

,
th

yr
oi

d
st

im
ul

at
in

g
ho

rm
on

e.

BIRTH DEFECTS RESEARCH 00:00–00 (2017) 9



donor human semen samples is quite large (Schrader
et al., 1991), and this variation makes human semen
studies quite insensitive unless large numbers of men
are sampled. There is also the question of whether hor-
mones are appropriate or sufficiently sensitive to
detect a treatment-induced effect on spermatogenesis.
The hypothesis that FSH and inhibin B are good
markers of spermatogenesis (Meachem et al., 2001;
Kumanov et al., 2006) is not universally supported in
the literature, and many acute treatment-induced
changes appear the most problematic for a hormone
response (Kolb et al., 2000; Salenave et al., 2012;
Rendtorff et al., 2012);

3. Small sample sizes and high variability. The human stud-
ies sometimes included fewer than 20 men per dose
group, which was likely insufficient to identify statisti-
cally significant changes in measures with high variabil-
ity such as semen analysis endpoints. Reproductive
hormones are produced episodically and vary across a
wide range of normal, perhaps obscuring subtle but
important alterations in hormone production;

4. Insufficient duration of exposure. Some of the clinical
studies in this sample involved single-dose treatment
or treatment on the order of a month in duration.
These exposures may not have resulted in alterations
that would have occurred during more prolonged
exposure.

Although limited by a relatively small number of stud-
ies, we have examined the available data and found only a
poor correlation between the male reproductive toxicity
produced in non-clinical animal studies and results from
human clinical trials. There may be several reasons for
this discrepancy, despite the belief that testicular and sper-
matogenic function are generally conserved across these
various mammalian species. It is possible that newer tech-
niques such as transcriptional or metabolic profiling of
semen will improved predictivity. We hope continued col-
lection and analysis of relevant data will lead to conclu-
sions with greater confidence.
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