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Overview

Introduction to monoclonal antibody drugs.

Present model for describing kinetics of monoclonal
antibody drug and its target

Analyze mathematical model to
* 1) Identify nondimensional potency factor for target inhibition

Free Target K; - Tyee
Baseline Target  Copg

+2) Assess the identifiability of the model
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INTRODUCTION
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Monoclonal Antibodies with Soluble Targets

Total Target Assay

Measures both free and bound target

A
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Drug Target Comple
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/ /

t1/2 = t1/2 = t1/2 = 21d*
21d 1h

Binding neutralizes
the target

* Drug and complex do not necessarily have the same half-life
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Drug Pharmacokinetics for 150 mg monthly
subcutaneous dosing
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Target accumulation is 200x and drug is in vast
excess to its target.

Drug Conc. >\‘e
100 'MWTS'OT@ - - - 150 nM = 22 ug/ml Cmin

for 150 mg Drug

1 15,0001
-
S
0.01 | o gg—0———0 - - - - -~ 0.01 nM (Post-dose steady state target)
200x accumulation
0.0001

5x10~ nM (Baseline target conc.)

0 8 16 24 32 40 48
Time (Weeks)
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Conc (nM)

Target accumulation is similar for both
150 mg and 300 mg

Drug Conc. />\~
300 mg
100 TSomg ~ " 150 nM = 22 pyg/ml Cmin

for 150 mg Drug

1 15,000:1
Target /)K”Q
0.01 | O g—O—9 - - ----- 0.01 nM (Post-dose steady state target)
200x accumulation
0.0001

5x10~ nM (Baseline target conc.)

0 8 16 24 32 40 48
Time (Weeks)

Question: What would you predict for efficacy?
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Greater efficacy is observed at 300 mg vs 150 mg
Why?

Total Target Data PASI? 90 Efficacy Metric
Similar for 150 mg and 300 mg Superior for 300 mg
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MATHEMATICAL MODEL OF
DRUG-TARGET BINDING



The PK-binding model

Dose ksyn
k12 l l kon
Drug-Periph (D) <k—> Drug (D)| +| Target (T) <k—ﬁ> Complex (DT)
o
g 1 Kep VKer V Kepr

Assumption: Target binding and synthesis in the peripheral
compartment.

* This assumption is made out of convenience: data is not rich enough
to identify additional peripheral parameters.
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The PK-binding model equations

Dose ksyn
K | l K
12 on
Drug-Periph (D) <k—> Drug (D)| +| Target (T) R Complex (DT)
off
g l keD l keT l keDT
Dose or
Synthesis Elimination Binding Distribution
\ \ \ \
[ | | ) |
dD /dt = Dose Input — kep D — konD - T + kog(DT) — k19D + ko1 D
dT/dt = keynr — korT — konD - T + kog(DT)
d(DT)/dt = —kep7(DT) + kouD - T — kog(DT)
dDp/dt = k12D — ko1 Dp

Not all parameters of this model are identifiable.

We only measure total target, which is the sum: T, =T + DT
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The Quasi-Equilibrium Assumption

Assumption: binding is rapid such that drug, target, and complex stay
in equilibrium.
konD - T = kog(DT)

DT ko

(DT) B kOIl

This assumption allows us to reduce number of state variables from
four [D, T, DT, D] to three [D, ,, T, ,, D] plus an algebraic set of
equations

=K,

B = Dyt — Tior — Ky

Dt(_)t:D+(DT) D:;(B—I—\/BQ—FZI‘K-J‘D’GO'G)
DT _ CLtot
(DT) K,g+ D
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The Quasi-Equilibrium Model

Binding only occurs in central compartment

Dose ksyn
k12 l l K
Drug-Periph (D) <k—> Drug (D)| +| Target (T) —4 Complex (DT)
! l keD l keT l keDT
Dose or
Synthesis Elimination Distribution
A A A
. \ { \
thDt/dt = Dose Il'lpl_lt — kff;._j_;;D — k?f-_.,j_;)j'(DTB — ]‘i‘Jlng -+ k‘?ng_/:
dTiu!/d/ - kﬁyn’T’ - k:ﬁ-’T'T - k,,]')T(DT)
dDp/dt — higl? — kgy Dp

Concentrations D, T, and DT are solved for using
algebraic binding equations
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Model fit to drug PK and target accumulation data

Drug Concentration Total Target Concentration
(700 mg iv dosing) (subcutaneous dosing)

sof . ] 8
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40 | 5

=
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0o 3 6 9 12 7% 2 8 12 16™Mg
Time (Weeks) Time {Weeks)

Model can be used to:
1) Describe available PK and total target data.
4 2) Predict free target concentration




Conc (nM)

Sensitivity analysis: total target plateaus, but free
target continues to decline with dose

124
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Q.1
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Drug Conc.
subcutaneous

dosing

500 myg
309 mg
159 myg
7o mg
40 mg
20 mJg
10 mg
4 8 12 16
Time {Weeks)
2 compartment
linear PK with
subcutaneous
absorption

Congc (nM)
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- Total Target Conc.
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Above 150 mg,
total target
concentration
plateaus
(measurable)

TMDP [ Busmess Use Only

% Free Target vs Base

%
100

—
o

Free Target vs Baseline

| b‘:,//‘v/t ’ 150 mg
W 27% free

300 mg

14% free
g 4 8 12 16

Time {Weeks)

Above 150 mg,
every 2x dose increase
leads to 2x free target
decrease
(predicted)




MATHEMATICAL ANALYSIS OF
DRUG-TARGET MODEL



Key Quantity of Interest: Free Target vs Baseline

Free Target T B T Ttot ss
Baseline Target Ttot S5
1) Free Target 2) Total
vs Total Target Target

Accumulation
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_ 1) Free Target
Calculating Free Target vs Total Target vs Total Target

Algebraic manipulation of quasi-equilibrium equation

Binding Equation : (D)(T') = Ky4(DT)
Replace with Ttot . (D)(T) = Kd(Ttot — T)

Rearrange terms

l

Free Target T K, _ K, K,

~y

Total Target  Tjos " D+ Ky D = Dy

When Dtot >> Ttot, Kd
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Analysis of total target dynamics before dosing

Before Dose, DT=0
Recall + dyy /dt = kgynr = kerd = )mﬂ')’/l

At steady state: dT, /dt =
O

TO — ksynT/k:eT
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Analysis of total target dynamics 2) Total
after dosing Target

accumulation

For large drug conc.,
most target is bound,
T=0,and DT =T,

[Recall (U(,,(/CH = /‘t‘l.l?ll / /x, LJJ

At steady state: dT, /dt
=0

| Ttot,.ss — ksy'rLT/keDT

T Ttot,ss . ks'y'r‘LT/kc.DT kuT
’II‘) Ajmm.’l‘ / l\":f-:'.’,l' kf-‘i’. D

Accumulation ratio @ 1, =

C
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Estimating the free target compared to baseline

Free Target T T (Ttot,ss>
Baseline Target  To  \ Tiot.ss T

= (F) - T

~

Average Free Target ( K,

L) - (Tae)

Baseline Target

ava



. Free Target Ky Tocc
ummary Baseline Target  Cgyg

Three key parameters determine target inhibition when there
IS a large excess of drug relative to target at steady state.

* Binding affinity (K )
» Target accumulation factor (T__)
* Drug concentration (C_ )

In these circumstances, doubling dose, halving dosing
interval, or halving K , reduces free target by 50%

At high doses, total target reaches plateau.
This does not mean target inhibition has reached plateau
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ANALYSIS OF TOTAL TARGET
KINETICS



Target dynamics is characterized by 4 parameters

Drug-Periph (D) 2

21

To understand identifiability, it's useful to reparameterize:

’ TO = ksyn/keT
’ Ttotss = ksyn/keDT
"Kepr
. Kd
thot/dt ~ ksyn - keDT.

24

Tto

Dose Keyn
| !
Drug (D)| *| Target (T)
l keD l keT

t

Complex (DT)

| k

eDT

b Ttot ~ TO T (Ttot,ss-T& .eXp [._keDT.
for large drug concentrations




Understanding the total target dynamics

Zot tot Ss + (T 0~ tot SS) CXp [ keDT t] fOI' large drug conc.

( ;otss) (_keDT) = ksyn

Dose/Kd (mg/nM)
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——

Time {Weeks)
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|dentifiability — free target inhibition can be
predicted even if baseline target is not measurable

Assay may not be sensitive Varying TO,
enough to measure TO. keeping TO/Kd fixed
. odf —_
In that case, only three = 0.01
parameters may be - 0.001
identifiable: = e
e-5 |-
’ keDT’ Ttotss’ and TO/Kd T}
o
Note that free target E 0.1}
inhibition (T/T,) depends on 0.01 |

the ratio TO/K g
-T/TO =K d-TaCC/Cavg Month
’ = (Kd/TO).Ttotss/C

avg
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Free target inhibition can be predicted even if
complex elimination (keDT) is not identifiable

k _is also not identifiable
eDT Total Target Conc.

If sufficient samples are 0.01
not taken.
But T/, can still be Tiotss ~777 7777 = -
estimated !
S 0.005 .
T, =K, T_J/C = :
acc ~avg o el
) = (Kd/TO).Ttotss/Cavg ’-LDJ U.9es :
0.002 :'
0 ~Dose-TO/Kd  *®

0 3
Time {Wasaks)
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Free Target Kg - Thcc
Baseline Target  Cuyyq

Summary

Three key parameters determine target inhibition when there
IS a large excess of drug relative to target at steady state.

* Binding affinity (K )

» Target accumulation factor (T__)

* Drug concentration (C_ )

In these circumstances, doubling dose, halving dosing
interval, or halving Kd reduces free target by 50%

At high doses, total target reaches plateau.
This does not mean target inhibition has reached plateau

Free target inhibition is estimable even when baseline target
(T,) or rate of complex elimination (k ;) are not estimable.



Limitations

This analysis focused on inhibition in blood. Inhibition in
tissue is more challenging to measure and predict.

lksyn3
k.
Target o
Tissue (3) D; + T3 e DTj
Kiao lkeoa Kear lkeTS Kiaor lkeDTs
Central (1) i i [ Ksynt e

Dosejy——

I(on1
Dosegs dep — D1 + T1 Ko DT1
F, Ka ‘
km[)l l eD1

Ka1p

Peripheral (2) D

This analysio uiny appico wie uiruy 1o 1N Vast excess to
target (not applicable for anti-C5, where C5 = 500 nM)
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