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Abstract. Antibody drug conjugates (ADCs) are a multi-component modality comprising of an antibody
targeting a cell-specific antigen, a potent drug/payload, and a linker that can be processed within cellular
compartments to release payload upon internalization. Numerous ADCs are being evaluated in both
research and clinical settings within the academic and pharmaceutical industry due to their ability to
selectively deliver potent payloads. Hence, there is a clear need to incorporate quantitative approaches
during early stages of drug development for effective modality design and target selection. In this review,
we describe a quantitative approach and framework for evaluation of the interplay between drug- and
systems-dependent properties (i.e., target expression, density, localization, turnover, and affinity) in order
to deliver a sufficient amount of a potent payload into the relevant target cells. As discussed, theoretical
approaches with particular considerations given to various key properties for the target and modality
suggest that delivery of the payload into particular effect cells to be more sensitive to antigen
concentrations for targets with slow turnover rates as compared to those with faster internalization rates.
Further assessments also suggest that increasing doses beyond the threshold of the target capacity (a
function of target internalization and expression) may not impact the maximum amount of payload
delivered to the intended effect cells. This article will explore the important application of quantitative
sciences in selection of the target and design of ADC modalities.
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INTRODUCTION

Antibody drug conjugates (ADCs) combine the selectiv-
ity of antibodies with the potent therapeutic activity of small
molecule drugs (payload) (1–3). The three components of a
typical ADC are (a) the antibody carrier with a high affinity
for a well-expressed antigen, (b) a potent payload, and (c) a
linker that is preferably cleaved site-specifically upon cellular
internalization of the ADC (1–3). Hence, it is of critical
importance to evaluate and optimize all these three compo-
nents for the design of an effective ADC. By selectively
targeting cell-specific antigens, the targeting antibody is
intended to direct the payload to relevant effect cells
(biophase) while minimizing exposure to non-target tissues,
thus expanding the therapeutic index (TI) for the potent
payload (4–7). In particular instances, the ADC may be
required to undergo intracellular uptake via receptor-
mediated endocytosis to traffic through endosomal compart-
ments, and to release the free payload via changes in

lysosomal pH and/or enzymatic conditions in order to exert
its action in the cytoplasm or nucleus (8). Alternatively, a
class of non-internalizing ADCs, referred to as extracellular
drug conjugates (EDCs), is being developed. In the case of
EDCs, drug release is not required as the payload acts on the
cell surface while still attached to the antibody and interacts
with a specific cell-surface antigen (9).

ADCs are emerging as a prominent therapeutic platform
in oncology, where the approach has allowed minimizing the
non-specific toxicities of potent chemotherapeutics by
exploiting the exquisite specificity of antibodies (10–12). The
two currently marketed ADCs are Adcetris® (SGN-35) for
hematological malignancies and Kadcyla® (T-DM1) for
metastatic breast cancer (3). Currently, there are more than
30 ADCs in clinical development for various hematological
and solid-tumor malignancies (13). Although ADCs have
been exploited to trigger specific tumor cell eradication, this
therapeutic venue is not the only area where application of
the targeted delivery of potent payloads may be advanta-
geous. Additionally, improvements in the linker-payload
technologies are broadening the potential utility of these
agents outside of oncology (14).

Application of quantitative pharmacology is increasingly
sought in order to accelerate the drug development process
(15–17). Similarly for the development of ADCs, application
of quantitative approaches with considerations given to the
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cellular and physiological properties should facilitate design
and selection of effective drug candidates. In this review, we
describe how an early quantitative assessment can provide
insights applicable to the design of ADCs and to evaluate
both drug- and system-dependent properties. A quantitative
understanding of the key properties presented here should
enable both rational target selection and successful modality
design.

CONSIDERATIONS FOR TARGET SELECTION
AND MODALITY DESIGN

The most critical driver underlying the efficacy profile for
an ADC is the successful delivery of the payload (drug) into
the intended effect cells. Delivery of potent payloads to the
biophase is a result of the interplay between target- and
modality-related properties (Fig. 1). Critical target-related
properties are (a) expression profile, and density (receptor
copy number), (b) target internalization and turnover rate,
and (c) functional relevance to human disease (18–20). An
ideal target should demonstrate a specific expression profile
at the relevant site of action (typically tumor cells) with little
to no expression in other healthy tissues (18, 19). Target
expression and density should also be in sufficient concentra-
tions to facilitate delivery of a potent payload into the effect
compartment (“Impact of Target Density and Internalization
Rate on Payload Delivery” section). In most instances,
application of ADCs would necessitate an internalization
step in order to facilitate intracellular uptake and payload
release (18, 19). Rate of internalization or target turnover
rate is a critical parameter that controls the efficiency of the
payload delivery into the biophase (“Impact of Target
Density and Internalization Rate on Payload Delivery”
section).

Modality-related parameters critical for selection of the
appropriate antibody are (a) antibody isotype, (b) affinity to
target and epitope selectivity, (c) pharmacological mode of
action, and (d) species cross-reactivity (21). The selection of

isotype will determine whether the antibody can elicit effector
function [i.e., recruit effector cells for antibody-directed
cellular cytotoxicity (ADCC) and/or elicit complement
(CDC)], an additional mechanistic advantage for cell-killing
endpoints in oncology applications (22, 23). For example, a
human antibody of IgG1 isotype is known to recruit effector
cells more efficiently and potentially elicit complement
activation, thus demonstrating enhanced effector function
relative to an IgG4 isotype (22, 23). For an ADC modality,
the pharmacological effect can be elicited by both the payload
and the antibody interacting with the antigen target, in
conjunction with the recruitment of effector cells and/or
complement (24). It is therefore critical to fine-tune the
cytotoxic effect for both the antibody and payload within the
desired therapeutic window (7). Currently, the ADC candi-
dates evaluated in clinic settings are of both of IgG1 and IgG4
isotypes (13). Binding to membrane-associated internalizing
antigens can greatly enhance the antibody clearance through
a target-mediated specific process (commonly known as
target-mediated drug disposition or TMDD) (25). TMDD
contributes to an additional target-mediated saturable clear-
ance process for the antibody, thus influencing dose selection
(“Determination of In Vivo Target Capacity” section) (21).

Selection of a payload that is conjugated to the antibody
is governed by properties such as (a) its ADME properties,
(b) mechanism of action (intercellular vs. cellular uptake),
and most importantly (c) the payload potency. Cytotoxic
payloads currently employed in clinical settings have been
mostly DNA-alkylators—acting in the nucleus such as
ca l i cheamic in and duocarmyc ins—and tubu l in -
binders—acting in the cytoplasm such as auristatins and
maytansinoids (26). Non-cytotoxic payloads have not yet
been evaluated in the clinic. Payloads for non-cytotoxic
applications are required to continuously engage the relevant
receptors in order to exert their pharmacological action.
Hence for non-cell-killing payloads, the kinetics and extent of
accumulation of the payload in the cell is critical for its
mechanism of action.

Fig. 1. Antibody-drug conjugates: interplay between target and
modality-related properties
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One of the key parameters governing the payload
accumulation at the site of action is its elimination rate from
the effect compartment(s) (“Effect of Drug PK on Its
Delivery to Intracellular Space” section). Additionally, apart
from the overall payload ADME properties, it is critical to
understand the relationships between drug exposure and
the intended pharmacodynamic endpoints. Treatment with
drugs known to have direct pharmacodynamic effects
(Cmax-driven effects) will benefit from higher drug
concentrations at the site of action (27, 28). However,
drugs that show indirect pharmacodynamic effect proper-
ties (AUC-driven effects) will benefit from prolonged
exposure at the biophase (27, 28).

ADC stability and the payload’s release rate can be
tailored with the choice of linker (refer to article in the theme
issue: Antibody Drug Conjugates: Design and selection of
linker, payload and conjugation chemistry) (29). Non-specific
release of the drug will alter the free drug as well as the intact
ADC concentration in plasma, altering pharmacokinetics and
toxicity (30, 31). The site-specific release rate will determine
the free drug concentrations within the intracellular effect
compartment (26, 32–37). Target, antibody, drug, and linker-
related properties define the fate of the ADC in vivo via a
multi-step kinetic process (Fig. 2). As with any multi-step
kinetic system, the rate-limiting step will most significantly
influence the intracellular drug exposure and the expected
PD outcome (key parameters integrated in “Integration of

Key Parameters for Target Selection and Modality Design”
section).

QUANTITATIVE PHARMACOLOGY FRAMEWORK

Topics addressed in this review are focused on the key
design parameters relevant for selection of an effective ADC
modality using a quantitative approach framework (Fig. 2).
The compartmental model shown in Fig. 2 accounts for the
target-mediated disposition of an ADC along with a linear
residual clearance from plasma (CLRES) (38). The target-
related clearance is assumed to be independent of drug
loading on the ADC and similar for different species of an
ADC (39). Furthermore, the target receptor (R) is
eliminated/catabolized upon internalization of the ADC-
receptor complex (AbR) and the ADC-receptor complex
internalizes at the same rate as the receptor alone (kint). The
CLint was determined from the internalization rate (kint) and
volume of distribution of the antibody (Vd_Ab) (39, 40). The
antibody-receptor complex assumed to have a similar volume
of distribution as of the antibody. The number of receptors
per cell, receptor concentration in blood, and receptor
internalization rate (kint) were assigned from in vitro mea-
surements of a well-perfused target in blood. The receptor is
assumed to be synthesized at a constant zero-order synthesis
rate (ksyn) (41). The quantitative approach presented here
further assumes a fast distribution of ADC to the putative

Effect site

ksyn

Delivery of Ab to 
effect site

Net rate of AbR 
formation

Rate of AbR 
internalization

Small molecule 
elimination 
clearance

Receptor 
clearance

Ab elimination 
clearance

kintx Vd_Ab

Fig. 2. Compartmental model for ADC pharmacokinetics, target interaction, intracellular
uptake, and drug release (Ab ADC, R receptor, AbR ADC-receptor complex, KD affinity
for AbR formation, ksyn zero-order synthesis rate of the receptor, kint complex/receptor
internalization rate, CLint clearance of complex/receptor, SM small molecule/drug/payload,
CLSM elimination clearance of small molecule). The balance of ksyn and kint determine the
receptor-recycling rate (41). In this case, the ksyn was estimated from target capacity as
described previously (39, 40). ksyn highlights the synthesis rate of the antigen and was
estimated based on equation: kint x Css (concentration of the target at steady state). CLRES

reflect the linear clearance reported for antibodies (38); CLSM reflects the clearance of the
payload selected based on internal historical data; Vd_SM reflect volume of distribution for
the payload; KD reflects the affinity of the antibody for the target antigen; Vd_Ab reflects
volume of the central compartment selected based on historical data (38). Each mole of
antibody is assumed to deliver two moles of the payload to the effect compartment. PK of
the payload assumed to follow a 1-compartment model
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effect compartment(s) as driven by the receptor (R) and
ADC (Ab) concentration and antibody affinity (KD). These
assumptions are generally applicable for therapeutic applica-
tion of ADCs in hematological malignancies or well-perfused
organs such as the liver (partition coefficient Kp=1) (42). For
ADC applications in solid tumor therapy, where these
assumptions may not be applicable (i.e., Kp<1), further
adjustments can be incorporated in the proposed compart-
mental model (43, 44). It is important to note that the
compartmental models have inherent limitations with respect
to antibody biodistribution. Antibody distribution to various
organs, including the tumor, is thought to be predominantly
due to convection rather than diffusion as presumed in the
compartmental models (21). The model also assumes instan-
taneous lysosomal release of the payload. Drug release rates,
tailored by choice of the linker, may not always be rapid.
Hence, an additional rate constant can be incorporated to
account for enzymatic release of the drug from the ADC
modality. Upon release, the free drug is assumed to undergo
fast diffusion into the interstitial space in the effect compart-
ment which then is followed by a fast diffusion into systemic
circulation. For non-oncology applications, the residence time
of the payload is a critical consideration for effective
application of an ADC modality (see “Effect of Drug PK
on Its Delivery to Intracellular Space” section). It is assumed
that upon drug release, volume of distribution of the released
payload be similar to that observed for the free payload. All
parameters have been specified in the figure legends.

Impact of Target Density and Internalization Rate
on Payload Delivery

The two key target-related parameters affecting drug
concentration at the intracellular site are expression density
of the target receptor and its internalization or turnover rate
which define the target capacity (20). Understanding the
t a rge t c apa c i t y— t h e i n t e rp l a y be tween the s e
parameters—provides a rational approach for target selec-
tion. In simulations shown in Fig. 3, drug concentration
profiles in the intracellular space were predicted by varying
the target receptor concentrations and internalization rates
(Fig. 3). For relatively fast target turnover rates (half-life of
internalization <0.5 h), a change in receptor expression did
not result in a significant difference in accumulation of the
payload at the intracellular effect compartment (Fig. 3a).
However, when target turnover rates were assumed to be
slower (half-life of internalization approximates 5 h), changes
in the receptor density had a greater impact on drug
accumulation in the biophase (Fig. 3b). As highlighted, using
this quantitative framework, it is feasible to establish a
potential range for combinations of the target density profile
and the effective internalization rates required for effective
payload delivery into a particular effect compartment. This
paper describes a compartmental model that integrates
in vivo PK of antibody with target engagement and drug
delivery. However, the model can be simplified to an in vitro
cellular model where the interplay of target selection and
modality-design parameters can be evaluated. This quantita-
tive pharmacology approach can then be utilized in early
discovery for in vitro screening of targets and ADC
constructs.

Determination of In Vivo Target Capacity

Target-mediated drug disposition (TMDD) is a result
of the capacity-limited interaction of the antibody with the
target (25, 45). In general, a simple dose-ranging pharma-
cokinetic study can generate highly useful information
with respect to the magnitude of the target capacity and
its impact on the antibody clearance and potential payload
delivery (46). In practical terms, delivery of the payload
via an ADC to the effect cells will be limited by the
target capacity (a composite of both target density and the
internalization rate). To determine target capacity, it is
acceptable to use either TMDD or Michaelis-Menten
(MM) modeling approaches (40). A recent literature
report has compared these modeling approaches (i.e., a
TMDD and the MM (40)). As described, an accurate
estimation of the target capacity was reported with the
MM-approximation approach (and comparable to the
TMDD estimation method) when target binding, target
internalization, and target recycling were fast and not
rate-limiting (40). Additionally, the presence of multiple
ADC species that potentially could be generated in an
in vivo setting, as a result of partial deconjugation of the
payload, will need to be considered when these ap-
proaches are employed for evaluation of target capacity
(39). This point is a critical consideration as different
ADC species, with varying degrees of drug loading, may
potentially have different biodistribution, elimination, and
efficacy profiles under in vivo conditions (47–49).

Additionally, evaluation of the target capacity is a critical
tool for establishing affinity requirements for an ADC
modality. For targets with high capacity, the payload delivery
is less likely to depend on the antibody affinity under steady-
state conditions (“Integration of Key Parameters for Target
Selection and Modality Design” section). Any change in
affinity will be offset by the high target capacity. For targets
with lower capacity, improvements in affinity are more likely
to impact receptor occupancy and payload delivery (Fig. 5).
However, under non-steady-state conditions, high-affinity
antibodies have been shown to penetrate tumors less
efficiently (the binding-site barrier hypothesis) and hence
tumor penetration is also a critical consideration for effective
targeting of ADCs to solid tumors (50–54). Antibodies that
bind to target antigen with lower affinity, however, may have
a higher penetration index into the tumor core and poten-
tially be more effective in tumor killing (50–54). Furthermore,
target accessibility is another key criterion for successful
ADC design and payload delivery. Effective dose selection,
within the intended therapeutic window, may be challenging
if the target cells are localized in multiple tissues with
different biodistributional barriers. For a given dose, a toxic
concentration may be attained in the more accessible tissue
while a sub-efficacious concentration may be reached in a less
accessible tissue (50–54).

This article describes a strategic approach in integrating
the relevant data for the design of a successful modality and
appropriateness of the target properties. The parameters used
for simulations, outlined in various sections, are selected
based on historical data and are within the acceptable
physiological framework described in the literature (Figs. 2,
3, 4, and 5). However, the approach described here should be
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tailored on a case-by-case basis with addition of complexities
that may be relevant to each particular situation as discussed
in the literature (47–49, 55, 56).

Effect of Drug PK on Its Delivery to Intracellular Space

The pharmacokinetics of the free payload, upon
release from the antibody carrier, is an additional
consideration impacting payload accumulation at the effect
site particularly for non-cell-killing applications.
Simulations of free payload concentrations in the intracel-
lular compartment at various elimination half-lives of the
payload reflect that its accumulation increases with the
increase in half-life or decrease in elimination rate of the
drug (Fig. 4). Under the conditions employed, payload
accumulation cannot be increased beyond a dose of 1 mg/
kg due to target-capacity limitations as discussed in
“Determination of In Vivo Target Capacity” section. The
efficacy driver for antibody-drug conjugates is typically
related to the effective concentrations that are achieved at
the effect cells (27, 28). An increase in payload potency
relaxes the requirement on the amount of payload that
needs to be delivered in order to exert the desired PD
effect, thus compensating for other potential limitations
with respect to target capacity, payload release rate, and
payload residence time within the biophase. Payload efflux
from intracellular site can additionally result in a bystand-
er effect, where it is available to diffuse across neighbor-
ing cells and elicit cytotoxicity (57). This bystander effect
must be accounted for while assessing the pharmacody-
namic potential of ADCs. Concentration of the target,
payload release rates, dissociation rates from low- or high-

affinity binders, and payload efflux rates are determinants
of the payload residence time within the intracellular
compartments and the bystander effect. For non-cell-
killing applications, payload actions can be governed by
its residence time. The balance of the payload efflux rate
may be tailored by using more hydrophilic, cell-
impermeable payloads that will limit their diffusion to
the extracellular space upon release, thus increasing local
intracellular payload concentrations (58). Additionally,
payload binding to intracellular proteins can affect its
pharmacokinetics and likely improve accumulation at the
site of action (as defined by koff of binding to intracellular
target). DNA intercalators and tubulin-binders are the
most popular class of cytotoxics utilized in ADCs, and
they are known to bind to nuclear or mitochondrial
matter, respectively. This potentially may contribute to a
longer residence time in effect cells, thus improving the
ADC’s PD profile. Payload binding to intracellular targets
and payload efflux post intracellular delivery may be
viewed as competing kinetic processes with impact on
therapeutic index in particular for non-oncology targets.

Heterogeneous conjugation of ADCs results in a
distribution of species with a range of drug loading and
positional variants of the conjugated payload. The hetero-
geneous conjugation process can introduce additional
challenges with respect to ADC production and batch-to-
batch variability for the final drug product (59). To
overcome these challenges, site-specific conjugation tech-
nologies are increasingly employed to control the extent
and position of drug loading on ADCs (60, 61).
Conjugation methods may impact drug loading and
potential release rates, thus impacting the ability to

Fig. 3. Impact of receptor concentration and rate of internalization on small molecule delivery to
intracellular space; (left panel a). Intracellular drug concentration profile for a well-expressed (80,000
receptor copies per cell), fast internalizing target (t1/2=0.5 h) at target receptor concentrations 0.5, 1.0, and
2.0 nM; (right panel b). Intracellular drug concentration profile for a well-expressed (80,000 receptor copies
per cell), slow internalizing target (t1/2=5 h) at target receptor concentrations 0.5, 1.0, and 2.0 nM. Note: All
other parameters besides receptor internalization rate and receptor concentrations (as shown in the figures)
are kept constant, i.e., CLRES=5 mL/day/Kg; CLSM=2.7 L/day/Kg; Vd_SM=0.6 L/Kg; KD=0.8 nM; ksyn=
64 μg/mL/day; Vd_Ab=40 mL/Kg. In both a, b, kint was kept constant (in a: kint=1.4 h−1 and in b: kint=
0.14 h−1) and ksyn was adjusted to achieve different scenarios with respect to receptor concentrations
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deliver an efficacious amount of payload to the site of
action (4, 62–64). The choice of linker impacts stability of
the ADC in circulation and site-specific release rates in
the intracellular compartment (32–35). ADCs typically
employ lysosomal enzyme-based linker cleavage strategies
such as cathepsin B and phosphatases (26, 29). Some
ADCs have non-cleavable linkers that rely on antibody
catabolism for payload release (65). The balance of the
release rates and the payload elimination will determine
the overall payload exposure. For slow release and fast
payload elimination, free payload concentration profile
may be governed by the formation rate-limited kinetics
(47). Instability of linker in circulation increases non-
specific exposure of free payload (30).

Integration of Key Parameters for Target Selection
and Modality Design

The amount of payload delivered to the site of action
is a complex interplay of drug and system-dependent
parameters. Simulations in Fig. 5 demonstrate the inter-
play of target affinity, receptor density, and rate of
internalization for delivering efficacious concentrations of
payload to the cell (payload potency of 0.3 nM is assumed
in this case study). The ratio of ADC internalization rate
and the payload elimination rate is a critical index for
payload accumulation in biophase. In simulations present-
ed in Fig. 5, payload accumulation has been assessed over
a range of receptor concentrations and affinities for the
putative target. Simulation lines represent a potential
parameter range required to deliver an average payload
concentration equal to the required payload concentra-
tions (0.3 nM).

These simulations provide the following critical insights:

1. Figure 5a highlights the bottom region in the graph
where target internalization rate—and turnover
rate—is slowest with respect to payload elimination
rate. These simulations reflect that below a critical
ratio of ADC internalization rate to small molecule

elimination rate, delivery of the necessary payload
concentrations may not be feasible despite im-
provements in binding affinity of ADC to target
(Fig. 5a).

2. Figure 5b demonstrates that for targets that inter-
nalize at 1/10th the rate of the payload elimination,
a higher binding affinity of 1 nM is required to
achieve efficacious payload concentration. On the
other hand, a faster internalizing target (∼10 times
faster than payload elimination) can uptake ADC
more efficiently and can deliver equivalent effica-
cious amounts at a much lower target binding
affinity of 100 nM.

3. Figure 5c shows that in order to deliver equivalent
amounts of payload and for a given internalization
and elimination clearance, targets that show lower
levels of receptor expression require a higher binding
affinity than targets that are highly expressed.
Increased binding affinity (KD) improves the proba-
bility of internalization as a result of the slower
dissociation rate (koff) thus improving the ADC
uptake.

4. Figure 5d highlights two regions in the graph: case
A where increase in receptor density increases
intracellular payload exposure (AUC) and case B
where increase in receptor density only increases
the attained maximum concentration (Cmax) but
not the overall payload exposure (AUC). Cell-
killing dynamics of cytotoxics is known to be
driven by the overall drug exposure (AUC-driven
effects) (27, 28). When ADC target binding and
payload elimination kinetics are similar to the
proposed scenario as described in case study A,
therapeutic outcome may benefit from selection of
targets with higher expression density.

5. Simulations compiled in a three-dimensional scale
define a surface representing the system properties
required to deliver sufficient amount of payload
into the effect compartment (Fig. 5e). Similarly, an
analogous analysis can be carried out in order to

Fig. 4. Effect of elimination rate of released small molecule on its delivery to intracellular
space at varying doses. Note: All other parameters besides small molecule elimination rate
are kept constant, i.e., CLRES=5 mL/day/Kg; Vd_SM=0.6 L/Kg; KD=0.8 nM; ksyn=64 μg/
mL/day; Vd_Ab=40 mL/Kg; kint=2.77 h−1; number of receptor copies = 80,000 per cell;
1000 T cells per mm3 of blood

833Antibody Drug Conjugates



Internalization rate required to achieve Cave> 0.3nM†

10
-2

10
-1

10
0

10
1

10
2

10
-2

10
-1

10
0

10
1

10
2

Receptor Concentration, nM

C
L

in
te

rn
al

iz
at

io
n

 / 
C

L
el

im
in

at
io

n 
S

M
K

D
 = 0.1 nM

K
D
 = 1.0 nM

K
D
 = 10 nM

K
D
 = 100 nM

Faster 
Internalization

Slower 
Internalization

Internalization is too slow with respect to elimination; Payload  
accumulation in the intracellular space cannot reach efficacious Cave 

10
-2

10
-1

10
0

10
1

10
2

10
-2

10
-1

10
0

10
1

10
2

Receptor Concentration, nM

C
L in

te
rn

al
iz

at
io

n / 
C

L
el

im
in

at
io

n 
S

M

K
D
 = 0.1 nM

K
D
 = 1.0 nM

K
D
 = 10 nM

K
D
 = 100 nM

Slow internalization 
Requires higher  affinity

Fast internalization  
Allows lower affinity 

Moderate internalization 
Medium affinity 

Slower internalization rates can be compensated for by higher  
AbR affinity (up to certain degree) to achieve an efficacous Cave

10
-2

10
-1

10
0

10
1

10
2

10
-2

10
-1

10
0

10
1

10
2

Receptor Concentration, nM

C
L in

te
rn

al
iz

at
io

n
 / 

C
L

el
im

in
at

io
n 

S
M

K
D
 = 0.1 nM

K
D
 = 1.0 nM

K
D
 = 10 nM

K
D
 = 100 nM

Low receptor expression 
Requires high affinity 

High receptor expression  
Allows low affinity

Lower receptor density can be compensated by higher AbR affinity values  
to achieve an efficacious Cave 

10
-2

10
-1

10
0

10
1

10
2

10
-2

10
-1

10
0

10
1

10
2

Receptor Concentration, nM

C
L in

te
rn

al
iz

at
io

n / 
C

L el
im

in
at

io
n 

S
M

K
D

 = 0.1 nM

K
D

 = 1.0 nM

K
D

 = 10 nM

K
D

 = 100 nM

Case B

Case A

0 10 20 30 40 50 60 70
10

-3

10
-2

10
-1

10
0

10
1

Time in days

M
n

ni
n

oit
art

n
ec

n
o

C
d

a
oly

a
P

0 10 20 30 40 50 60 70
10

-3

10
-2

10
-1

10
0

10
1

Time in daysP
ay

lo
ad

 C
on

ce
nt

ra
tio

n 
in

 n
M Case B

Case A

Increases in receptor density 
leads to improved delivery of  
payload into intracellular 
space

Increases in receptor 
density lead to increases in  
Cmax but not Cave

a

d

e

c

b

10
-2

10
0

10
210

-1

10
0

10
1

10
2

10
-4

10
-2

10
0

10
2

Receptor Concentration, nMAntibody Affinity, nM

C
L in

te
rn

al
iz

at
io

n
 / 

C
L el

im
in

at
io

n 
S

M

Region above surface
”viable” set of properties

Region below surface
“non-viable” set of properties

KD

Fig. 5. Interplay of target affinity, target expression, and rate of internalization on delivering efficacious drug concentration to effect site. Note:
Antibody affinity for receptor, receptor internalization rate and receptor concentration are varied. All other parameters are kept constant:
CLRES=5 mL/day/Kg; CLSM=2.7 L/day/Kg; Vd_SM=0.6 L/Kg (t1/2_SM∼4 h); Vd_Ab=40 mL/Kg

834 Sadekar et al.



evaluate payload delivery into non-target site to
evaluate the existence and extent of undesired
effects. Selection of target and design of drug-
related properties must take into account the
design space described above where the combina-
tion of parameters suffices to deliver efficacious
amounts of payload into the effect compartments
while reducing undesired effects.

SUMMARY/CONCLUSION

A quantitative framework has been discussed to inte-
grate critical ADC design and target selection attributes.
Intracellular delivery of potent payloads depends on the
following: interplay between drug and system-dependent
properties such as ADC PK, biodistribution of ADC, target-
mediated drug disposition, antibody affinity, internalization
rate, payload release, and elimination from target site as well
as payload mechanism of action and potency. Such quantita-
tive assessments in early stages of drug development are
critical in informing ADC design and target selection, thus
facilitating timely go/no-go decisions.
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