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Results

Objective
To establish and characterize quantitatively the relationship betw

een the IgG
, IgM

 and 
IgA antibody levels

and the system
ic exposure w

ith TA
�

I�Ig
aftersingle

and
repeated

TA
�

I�Ig
aftersingle

and
repeated

after single and repeated 
subcutaneous (S�

) doses in patients w
ith R

A
.

Methods
D

ata
D

ata w
ere obtained from

 a phase Ib, 
m

ulti-centre, double-blind, placebo-
controlled, dose-escalating study to assess 
the safety, pharm

acokinetics (P
K

) and 
pharm

acodynam
ics (P

D
) of TA

C
I-Ig w

hen 
adm

inistered subcutaneously to 73 patients 
w

ith R
A (Table 1). �

am
ple

collections
for

�
am

ple collections for 
P

K
, P

D
 and biom

arker assessm
ent and 

assessm
ent of safety and disease activity 

w
ere conducted at pre-defined intervals 

up to 14
w

eeks for single-dose cohorts, 
18

w
eeks for C

ohorts
2 and 4 and 26

w
eeks

for C
ohort6.

PK
 and PD

 Variables
P

harm
acokinetic variables analyzed w

ere concentrations of Free TA
C

I-Ig and Total TA
C

I-Ig (com
prising free TA

C
I-Ig and TA

C
I/

B
Ly�

 C
om

plex). B
oth w

ere m
easured using E

LI�
A assays.

IgM
, IgG

, and IgA antibody levels in blood w
ere the prim

ary m
arkers of TA

C
I-Ig biological activity, follow

ing the cascading P
K

/P
D

 
concept of biom

arkers, recently introduced by M
. D

anhof et al. (2005).

Population PK
/PD

 A
nalyses

Total TA
C

I-Ig w
as selected as exposure variable as it contained inform

ation for both the free and bound drug. First, a population 
P

K
 m

odel w
as developed w

hich w
as subsequently used to construct separate population P

K
/P

D
 m

odels for IgM
, IgA and IgG

.
B

iom
arker responses (defined as percent of m

easured baseline values) w
ere characterized by indirect P

D
 m

odels w
ith TA

C
I-Ig 

dependent inhibition of im
m

unoglobulin production. The covariation betw
een the three biom

arkers w
as explored. To account for 

this covariation w
ithin an individual, a P

K
P

D
 m

odel w
ith all three responses (as a m

ultivariate observation) w
as developed.

A
ll population m

odels w
ere developed using First O

rder C
onditional E

stim
ation w

ith Interaction (FO
C

E
I) m

ethod im
plem

ented 
w

ith N
O

N
M

E
M

 version 5 softw
are.

�
ohort

D
ose

(m
g)

A
dm

inistration
# of Subjects

1
1x70

�
ingle dose

6 active, 2 placebo

2
3x70

3 doses, 2 w
eeks apart (E

O
W

)
9 active, 3 placebo

3
1x210

�
ingle dose

6 active, 2 placebo

4
3x210

3 doses, 2 w
eeks apart (E

O
W

)
9 active, 3 placebo

5
1x630

�
ingle dose

6 active, 2 placebo

6
7x420

7 doses, 2 w
eeks apart (E

O
W

)
19 active, 6 placebo

Table 1. R
A study design.

The com
m

on structure of the population P
K

/P
D

 m
odel, consisting 

of a tw
o com

partm
ent P

K
 m

odel and an indirectresponse
m

odelis
ndirect response m

odel is 
presented schem

atically in Figure 1. 

Population PK
 M

odel
The population P

K
 param

eter estim
ates are given in Table 2. The 

m
odel-generated percentiles (5%

, 25%
, 50%

, 75%
 and 95%

) and the 
clinical data for C

ohort 6 are given in Figure 2.

Separate Population PK
/PD

 M
odels

The population param
eter estim

ates of the indirect P
K

/P
D

 m
odels 

for IgM
, IgG

 and IgA are given in Table 3. The m
odel-generated 

percentiles (5%
, 25%

, 50%
, 75%

 and 95%
) and the clinical data for 

IgM
 depletion in C

ohort 6 are given in Figure 3. 

A
bs.

Site
�

entral
Peripheral

C
L

Q
K

a

Vc
Vp

IgM
, IgG

, IgA
K

syn •1�
Im

ax •
�

I�
50

+ �
K

off

Figure 1. Population m
odel for TA

�
I�Ig

PK
 Param

eter
�

ovariate M
odel

Sym
bol

Estim
ate

C
learance/F (L/h)

TV
C

L= θ
1 * D

P
W

 θ
6

C
L=TV

C
L* exp {η

1 }

θ
1

0.193
θ

6
0.324

IIV
 (%

)
29.5

C
entral V

C
/F (L)

TV
V

C
= θ

2  (if fem
ale)

θ
2

15.0
TV

V
C

= θ
2 * θ

7  (if m
ale) 

θ
7

0.211
V

C
=TV

V
C

* {η
2 }

IIV
 (%

)
55.6

P
eripheral (V

p/F (L)
TV

V
P

= θ
3 * D

P
W

 θ
8

C
L=TV

V
P

* exp {η
3 }

θ
3

148
θ

8
0.214

IIV
 (%

)
37.8

Intercom
partm

ental
C

learance/F (L/h)
TV

Q
= θ

4 * D
P

W
 θ

9
C

L=TV
Q

* exp {η
4 }

θ
4

1.04
θ

9
-0.282

IIV
 (%

)
57.1

A
bsorption R

ate (1/h)
θ

5
θ

5
0.0211

R
esidual E

rror (%
)

P
roportional

C
V

 (%
)

17.7

Table 2. Param
eter estim

ates of the final Total TA
C

I population m
odel used for Pk/PD

 
m

odel building. D
PW

 stands for D
ose per W

eight.

Conclusions
•

The biological activity of TA
�

I�Ig in R
A patients w

as dem
onstrated by the IgM

, IgG
 and 

IgA data. The relationship betw
een TA

�
I�Ig exposure and IgM

, IgA and IgG
 antibody 

response w
as characterized quantitatively. IgM

 antibody levels w
ere the m

ost responsive 
to TA

�
I�Ig exposure, follow

ed by IgA and IgG
.

•
Population PK

/PD
 m

odels on each of the three biom
arkers w

ere developed successfully. 
Those capture both the central tendencies and the variability in the data. 

•
The existing high correlations betw

een the three biom
arkers (as “percentage of baseline” 

profiles) are captured by the sim
ultaneous PK

/PD
 m

odel, w
hich treats IgM

, IgA
, and IgG

 
as m

ultivariate observations. 
•

The population PK
/PD

 m
odels on the biom

arkers can be used in exploring various 
scenarii for the design of dosing regim

ens in future studies.
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Param
eter

IgM
IgG

IgA

Im
ax

(%
 change from

 baseline)
88.1 (10.3)

28  (3.66)
62.3 (9.07)

IC
50 (ng/m

l)
1730 (354)

1390 (330)
2000 (552)

�
V of R

esidual Error (%
)

7.25
6.25

8.13

Table 3. Population param
eter estim

ates of the PK
/PD

 m
odels.

Sim
ultaneous population PK

/PD
 m

odel
The correlations betw

een the three biom
arkers (based on the percent of baseline profiles) are high, w

ith correlation coefficients 
calculated from

 all patients data in excess of 0.7 (Figure 4). The population param
eter estim

ates of the com
bined P

K
/P

D
 m

odel 
for IgM

, IgG
 and IgA are given in Table 4. The diagnostic plots for the m

odel are given in Figure 5. 

The existing correlation is reflected in the P
K

/P
D

 m
odel by high correlation coefficients both betw

een the Im
ax random

 effects for 
IgM

, IgG
 and IgA

, and betw
een the residual errors. S

erious N
O

N
M

E
M

 convergence difficulties w
ere encountered w

hile estim
ating 

block O
M

E
G

A and �
IG

M
A m

atrices sim
ultaneously. The probable reason for this is the inadequate sam

ple size (N
=73). W

ith the 
accum

ulation of data from
 P

hase 2 and phase 3, this obstacle w
ill be overcom

e.
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Figure 4. C
orrelations betw

een IgA
, IgG

 and IgM
 (percent of baseline) profiles. 

C
orrelation coefficients are inserted in the respective panels.

Param
eter

IgM
IgG

IgA

Im
ax

(%
 change from

 baseline)
93.6

21.6
63.1

IC
50 (ng/m

l)
1700

1010
2060

�
V of R

esidual Error (%
)

8.19
6.28

8.41

�
orrelation M

atrices

O
n Im

ax (O
M

EG
A

)
10.335     1
0.648  0.933  1

R
esidual (SIG

M
A

)
10.653     1
0.754  0.703  1

Table 4. Population param
eter estim

ates of the com
bined PK

/PD
 indirect response 

m
odels for IgM

, IgG
 and IgA

.

TA
C

I-Ig, a recom
binant fusion protein containing the extracellular, ligand-binding portion of the receptor TA

C
I, acts as 

an inhibitor of B
Ly�

 and A
P

R
IL, tw

o potent stim
ulators of norm

al and autoim
m

une B
-cell m

aturation, proliferation and 
survival. The m

olecule is currently in developm
ent for several indications, including treatm

ent of patients w
ith R

A
.

Figure 5. D
iagnostic plots of the com

bined indirect PK
/PD

 m
odel for IgM

 (left colum
n), IgG

 (m
iddle colum

n) 
and IgA (right colum

n). First row
 is D

V versus PR
ED

, second row
 D

V versus IPR
ED

 and third row
 W

R
ES 

versus PR
ED

.
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Figure 2. Total TA
�

I�Ig concentration � tim
e 

profiles for C
ohort 6: O

bserved (dots) and 
m

odel sim
ulated (percentile curves).
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Figure 3. IgM
 (%

 of baseline) - tim
e profiles 

for the active dose patients in �
ohort 6: 

O
bserved (dots) and m

odel sim
ulated 

(percentile curves).


