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Introduction

For many monoclonal antibodies (mAbs) and other targeted 
drug modalities, the molecular target may be located within tis-
sues, making their pharmacodynamic (PD) and exaggerated-PD/
toxic effects a function of tissue concentrations. It thus becomes 
important to characterize and accurately predict the tissue dis-
tribution of the molecule to better understand the dose-response 
relationship. For mAbs, the tissue distribution is usually inves-
tigated by performing biodistribution studies with radiolabeled 
molecules, but such studies are labor intensive, costly, and 
require large numbers of animals. Use of a physiologically-based 
pharmacokinetic (PBPK) model is an alternative to perform-
ing cumbersome in vivo biodistribution studies. The intricacy 
of PBPK models enables detailed quantitative assessment of the 
plasma and tissue disposition of drugs, and facilitates scale-up 
of the model to different species because the structural model is 
relatively common to most mammalian species. One such PBPK 
model for mAbs can simultaneously characterize the disposition 

tissue vs. plasma concentration profiles have been generated from a physiologically-based pharmacokinetic model of 
monoclonal antibody (mAb). Based on the profiles, we hypothesized that a linear relationship between the plasma and 
tissue concentrations of non-binding mAbs could exist; and that the relationship may be generally constant irrespective 
of the absolute mAb concentration, time, and animal species being analyzed. the hypothesis was verified for various 
tissues in mice, rat, monkey, and human using mAb or antibody-drug conjugate tissue distribution data collected 
from diverse literature. the relationship between the plasma and various tissue concentrations was mathematically 
characterized using the antibody biodistribution coefficient (ABC). estimated ABC values suggest that typically the 
concentration of mAb in lung is 14.9%, heart 10.2%, kidney 13.7%, muscle 3.97%, skin 15.7%, small intestine 5.22%, large 
intestine 5.03%, spleen 12.8%, liver 12.1%, bone 7.27%, stomach 4.98%, lymph node 8.46%, adipose 4.78%, brain 0.351%, 
pancreas 6.4%, testes 5.88%, thyroid 67.5% and thymus is 6.62% of the plasma concentration. the validity of using the 
ABC to predict mAb concentrations in different tissues of mouse, rat, monkey, and human species was evaluated by 
generating validation data sets, which demonstrated that predicted concentrations were within 2-fold of the observed 
concentrations. the use of ABC to infer tissue concentrations of mAbs and related molecules provides a valuable tool for 
investigating preclinical or clinical disposition of these molecules. It can also help eliminate or optimize biodistribution 
studies, and interpret efficacy or toxicity of the drug in a particular tissue.
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data obtained from various published mAb PBPK models, and 
it is also capable of characterizing mAb disposition in various 
preclinical species and human simultaneously.1 The analysis 
presented here attempts to verify tissue distribution predictions 
made by the aforementioned platform PBPK model for mAb, and 
define the quantitative relationship between the plasma and tis-
sue concentrations of mAb.

To understand the distribution characteristics of a drug in a 
given tissue, ‘local’ PBPK models can be used2 where the plasma 
concentrations vs. time profile of a drug is used as a forcing func-
tion to understand the time and dose-dependent changes in tis-
sue drug concentrations. Alternatively, one can plot a tissue vs. 
plasma drug concentration profile to get a time-independent 
analysis of the relationship between the plasma and tissue con-
centrations of a drug in a given tissue. To understand the rela-
tionship between the plasma and tissue concentrations for mAbs 
in a time-independent manner, we used the platform PBPK 
model1 where plasma and tissue concentrations vs. time profiles 
for non-binding mAbs (i.e., mAbs that do not bind to any target) 



©
20

13
 L

an
de

s 
B

io
sc

ie
nc

e.
 D

o 
no

t d
is

tri
bu

te
.

298 mAbs Volume 5 Issue 2

values from the training data set, superimposed over the profiles 
for each tissue generated using the mouse validation data set. The 
objective comparison between the predicted and observed data 
set (n = 913) provided the median %PE value of 29.7% with the 
10th and 90th percentile values of 5.76% and 68.7%.
Validation of the ABC values using rat mAb tissue distribution 
studies. Figure 4 shows the tissue vs. plasma mAb concentration 
relationship for various tissues based on the estimated ABC val-
ues, superimposed over the profiles for each tissue generated using 
the rat validation data set. The objective comparison between the 
predicted and observed data set (n = 369) provided the median 
% PE value of 28.6% with the 10th and 90th percentile values of 
6.48% and 88.2%.
Validation of the ABC values using monkey and human mAb 
tissue distribution studies. Figure 5 shows the tissue vs. plasma 
mAb concentration relationship for various tissues based on the 
estimated ABC values, superimposed over the profiles for each 
tissue generated using the monkey and human validation data set. 
The objective comparison between the predicted and observed 
data set (n = 124) provided the median % PE value of 52.9%, 
with the 10th and 90th percentile values of 24.6% and 74.7%.

Discussion

The rate and extent of mAb distribution in a tissue is determined 
by the rate and extent of extravasation within tissue, the rate of 
distribution within tissue, the rate and extent of antibody bind-
ing in tissue, and the rate of elimination from tissue.3,4 For a non-
binding mAb (i.e., a mAb that does not bind to any target) or 
antigen-negative tissue, the binding component is not relevant 
and the distribution is mainly dependent on the extravasation 
and elimination processes, which are drive by the convective 

in mouse, rat, monkey and human were simulated. Tissue vs. 
plasma concentration profiles were generated for each tissue, and 
profiles for a given tissue were compared across the four species 
being analyzed. The predictions made by the PBPK model were 
verified by collecting the mAb tissue distribution data in mouse, 
rat, monkey, and human from various in-house studies and pub-
lished literature. Additionally, biodistribution coefficients for 
mAb were established to help infer tissue mAb concentrations 
based on the plasma concentration.

Results

PBPK Model Simulations. The tissue vs. plasma mAb concen-
tration profiles generated from the platform PBPK model simu-
lations are shown in Figure 1. For each tissue, the profiles for 
mouse, rat, monkey, and human are superimposed. For all the 
tissues, a linear relationship between the plasma and tissue mAb 
concentrations, which was generally constant irrespective of the 
absolute mAb concentration and animal species being analyzed, 
was observed. For skin, muscle, adipose, and bone, a ‘hook-effect’ 
was observed for pre-distribution time points, where tissue con-
centrations fell below the linear relationship at respective plasma 
concentrations.
Estimation of antibody biodistribution coefficient. Tissue vs. 
plasma mAb concentration profiles for all the tissues from the 
training data set, along with the relationship generated for each 
tissue by model fitting, are shown in Figure 2. The estimated 
antibody biodistribution coefficient (ABC) value for each tissue 
is provided in Table 1.
Validation of the ABC values using mouse mAb tissue distribu-
tion studies. Figure 3 shows the tissue vs. plasma mAb concentra-
tion relationship for various tissues based on the estimated ABC 

Figure 1. the figure shows tissue vs. plasma mAb concentration profiles for several tissues. For each tissue the pBpK model simulated profiles for 
mouse (pink), rat (green), monkey (red), and human (blue) are provided. the black solid line in each tissue panel is the relationship based on the esti-
mated ABC value for the respective tissue, and black dotted lines around the solid line represent the 2-fold error envelop.
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elimination, respectively.5,8 In this study, a previously published 
platform PBPK model for mAb1 was used to investigate the rela-
tionship between the plasma and tissue concentrations of mAbs.

The distribution characteristics of a mAb in a given tissue is 
typically represented by notations such as percentage of injected 
dose per gram of tissue, tissue-to-serum/plasma/blood ratio, 
absolute tissue concentrations, area under the tissue concentra-
tion-time curve (AUC), maximum achievable tissue concentra-
tion (C

max
), time to achieve C

max
 (T

max
), tissue elimination half 

life, and uptake clearance (CL
uptake

).9 Analyzing tissue distribu-
tion data by plotting the tissue vs. plasma concentration profile, 

lymph flow to and from the tissue, and the vascular and inter-
stitial reflection coefficients.1,3-5 Due to the large size and polar-
ity of mAbs, it has been proposed that very little extravasation 
within tissues occurs via diffusion.6 Physiologically-based math-
ematical models that can account for the aforementioned physi-
ological processes can aptly characterize the tissue distribution of 
mAb.1,5-7 Thus, simulations performed by the mAb PBPK models 
can be used to inform us regarding the disposition behavior of 
mAbs, e.g., > 98% of antibody enters tissue via convection,4,6 and 
skin, muscle, liver, and gut are the major organs for IgG catabo-
lism, accounting for ~33%, 24%, 16% and 12% of the total IgG 

Figure 2. tissue vs. plasma mAb concentration profiles generated from the mouse training data set are shown. Black solid circles represent the 
observed data, and the black solid line in each tissue panel is the fitted line based on the estimated ABC value. Black dotted lines around the solid line 
represent the 2-fold error envelop. the black dashed circle around the data points for lung and brain highlights the distribution of antigen specific 
mAb in antigen positive tissues. the ‘n’ value in each panel displays the number of observed data points for each tissue.
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The observed relationship between the plasma and tissue 
concentration of mAb for each tissue was fitted using a simple 
proportionality constant to estimate the biodistribution coeffi-
cient of mAb for each tissue. The value of ABC was estimated 
with reasonable confidence for all the tissues (Table 1), and the 
predicted tissue vs. plasma mAb concentration profiles for each 
tissue (along with the 2-fold error lines) superimposed over the 
observed results are shown in Figure 2. For all the tissues, the 
majority of the points from a very diverse data set fell within the 
2-fold error envelope; however, interestingly, there were few sys-
tematic deviations from the linear relationships and few notewor-
thy outliers. For single profiles in the lung and brain, there was 
a systematic bias toward higher tissue concentration at any given 
plasma concentration compared with what one might expect 
based on the ABC value. Further analysis of these data points 
(highlighted by dashed circles in the panels for lung and brain 
in Fig. 2) revealed that those points belong to mAbs that had 
specific antigens located in the respective tissues.9,10 Investigation 
of a few other outliers revealed that they were early time point 
samples taken from studies where the drug was administered as 
intraperitoneal injection. Stomach, adipose, spleen, and intestines 
were the main tissues affected by local contamination due to the 
proximity of the sample collection site with the drug administra-
tion site. Generation of anti-drug antibody (ADA) can also lead 
to disproportionate tissue distribution of mAb,9 which could be 
another reason for the presence of a few outliers (especially the 
left-most point in the heart, kidney, muscle, skin, small and large 
intestines, spleen, liver, bone, stomach, liver and adipose tissue 
panels of Fig. 2).

The estimated ABC values for mAbs (Table 1) suggest that 
the concentration of mAb is ~4–16% of plasma concentration 
for most of the tissues. Brain has unusually lower (~0.3%) and 
thyroid has unusually higher (~68%) mAb concentration. These 
values are comparable to mAb tissue distribution values reported 
as tissue-to-blood ratios of 0.1–0.53 and other mAb tissue dis-
tribution values reported in various other formats.5,9 The very 
low value of mAb distribution to brain is also comparable to the 
literature where plasma-to-brain ratio is reported to be as high 
as ~500 (0.2%).4,11 The low value of mAb brain distribution is 
attributed to either FcRn efflux12 or inefficient convective uptake 
combined with rapid turnover of brain interstitial fluids that leads 
to efficient convective elimination of mAbs from the brain.4,11 
Conversely, the high value of mAb distribution to thyroid may be 
due to the deposition of iodine-labeled metabolite into the tissue.

The validation of mouse-derived ABC values was performed 
by investigating the ability of these values to predict the tissue 
concentrations of mAbs, including antibody-drug conjugates 
(ADCs) based on the plasma concentrations of the mouse vali-
dation data set. Figure 3 depicts the predicted tissue vs. plasma 
mAb concentration profiles for each tissue (along with the 2-fold 
error lines) superimposed over the observed results from the 
mouse validation data set; as shown in the figure, the majority of 
the points fell within the 2-fold error envelope for all the tissues. 
The median %PE for the mouse validation data set was 29.7%, 
suggesting the ABC values generated based on the training 
data set are applicable to other mAb tissue distribution studies 

however, provides a unique time-independent insight into the 
distribution characteristics of a drug in a given tissue. To inves-
tigate the relationship between the plasma and tissue concen-
trations of mAb, PBPK model simulated data of a non-binding 
mAb in mouse, rat, monkey, and human were plotted as tissue vs. 
plasma concentration profiles for each tissue (Fig. 1). The model-
generated data suggest that there is a linear relationship between 
plasma and tissue mAb concentration for all tissues. The rela-
tionship was similar for all four of the species analyzed and also 
seemed constant over a wide range of concentrations. Of note, 
since the tissue vs. plasma concentration profiles remove time 
from the equation, one can deduce that the linear relationship is 
also generally constant irrespective of time. For some tissues, e.g., 
skin, muscle, adipose, and bone, however, the model suggested 
a ‘hook-effect’ in the linear tissue vs. plasma concentration rela-
tionship, where at early (pre-distribution) times the tissue con-
centrations fell lower than the linear relationship. This can be 
explained by examination of the ratio of plasma flow to tissue 
volumes (parameter values in Shah and Betts1), which is smallest 
for these tissues, suggesting a slow uptake clearance for them and 
a longer time to reach equilibrium.

To verify the predictions made by the PBPK model, mouse 
mAb tissue distribution studies were collected from various pub-
lications to create a training data set (n = 1444). Tissue vs. plasma 
mAb concentration profiles were created for each available tissue 
in the training data set (Fig. 2). As predicted by the PBPK model, 
a linear relationship between the plasma and tissue mAb con-
centrations, was observed for all tissues; linearity was constant 
over the half-million fold concentration range. Additionally, as 
predicted by the PBPK model, a ‘hook-effect’ was observed for 
skin, muscle, adipose, and bone. It was also observed for lymph 
node, which was not part of the model.

Table 1. estimated values of antibody biodistribution coefficients (ABCs)

ABC (%) CV%

Lung 14.9 4.95

Heart 10.2 3.57

Kidney 13.7 3.10

Muscle 3.97 5.76

Skin 15.7 5.67

Small Int. 5.22 3.89

Large Int. 5.03 4.74

Spleen 12.8 4.85

Liver 12.1 3.75

Bone 7.27 11.8

Stomach 4.98 8.06

Lymph nodes 8.46 11.4

Fat 4.78 9.59

Brain 0.351 10.7

Pancreas 6.40 14.6

Testes 5.88 10.8

Thyroid 67.5 38.4

Thymus 6.62 27.1
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profiles for each tissue are superimposed over the observed results 
from monkey and human validation data sets. Although the 
numbers of data points from these two species are very low com-
pared with mouse and rat, the majority of the points fell within 
the 2-fold error envelope for all the tissues. The median %PE 
for the monkey and human combined validation data set was 
52.9%. In Figure 1, the PBPK model predicted profiles of all 
the tissues for all four species are superimposed over mouse ABC 
predicted tissue vs. plasma mAb concentration profiles (along 
with the 2-fold error lines). For most of the tissues, the model 
predicted profiles were within the 2-fold error envelope gener-
ated based on the ABC values, which were estimated from the 
mouse mAb tissue distribution training data set. For brain, how-
ever, the model over-predicted the tissue concentrations because 
of the FcRn efflux and relatively faster lymph turnover process 
involved in the brain that were not incorporated in the platform 
PBPK model.1

In the study presented here, the predictions made by the mAb 
platform PBPK model were confirmed by the experimental data 
sets. We found that generally the tissue vs. plasma mAb concen-
tration profiles for mAbs are linear, and the correlation between 

included in the mouse validation data set. As observed in the 
training data set, a ‘hook-effect’ was observed for skin and muscle 
in the mouse validation data set as well. For the spleen and bone, 
some outliers that fell notably out of the 2-fold error envelope 
were observed; these were attributed to a tissue distribution study 
conducted using zirconium-89, which is a residualizing isotope 
with a tendency to deposit in these tissues, as the label.13

Because the PBPK model predictions suggested that the dis-
tribution characteristics of mAbs (analyzed as tissue vs. plasma 
mAb concentration) between mouse, rat, monkey, and human 
is the same in a given tissue, the ability of mouse-derived ABC 
values to predict tissue mAb concentrations of other species was 
investigated. Figure 4 shows the mouse ABC predicted tissue vs. 
plasma mAb concentration profiles for each tissue (along with 
the 2-fold error lines) superimposed over the observed results 
from the rat validation data set. For all the tissues, the majority of 
the points fell within the 2-fold error envelope, and the median 
%PE for the rat validation data set was 28.6%. Consistent with 
the PBPK model predictions and the mouse data, a ‘hook-effect’ 
was observed for skin, muscle, and lymph node. In Figure 5, 
the mouse ABC predicted tissue vs. plasma mAb concentration 

Figure 3. tissue vs. plasma mAb concentration profiles generated from the mouse validation data set are shown. Black solid circles represents the 
observed data, the black solid line represents the profile generated based on the estimated ABC values, and black dotted lines around the solid line 
represent the 2-fold error envelop. the ‘n’ value in each panel displays the number of observed data points for each tissue. the black dashed circle 
around the data points for bone and spleen highlights the distribution of mAb that was labeled with zirconium.
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fractions of these spaces for a given tissue across the species may 
result in the similar extent of distribution. It is important to note 
that the PBPK model suggests that for many tissues a significant 
(more than 50%) amount of the drug in a tissue homogenate 
comes from the residual blood left in the tissue vasculature (data 
not shown), which may lead to significant differences in the tis-
sue mAb concentrations of perfused vs. non-perfused tissues. As 
such, it would be important to exclusively analyze the tissue vs. 
plasma mAb concentration profiles from studies that collect tis-
sues after proper perfusion, which is outside the scope of this 
report.

On comparing the FcRn knockout and the wild-type mouse, 
simulations performed using the PBPK model and the observed 
data obtained from literature did not show dramatic differences 
between the two strains in the tissue vs. plasma mAb concentra-
tion profiles for most tissues. There were, however, differences in 
the tissue vs. plasma mAb concentration profiles between the two 
strains for the muscle and skin, where the ‘hook-effect’ observed 
in the wild-type mouse was diminished or altered in the FcRn 
knockout mouse (data not shown). This result is consistent with 
the reported effect of FcRn on mAb distribution in these tissues.5 

the plasma and tissue concentrations of mAb is constant, irre-
spective of the absolute mAb concentration and animal species 
analyzed. The linear relationship between plasma and tissue 
mAb concentration generally holds true irrespective of sample 
collection times, except for tissues with low blood flow to tis-
sue volume ratio (e.g., muscle, skin, bone), for which the linear 
relationship is predictive at post-distribution (post-a phase) time 
points. Of note, distribution of mAbs with affinity toward an 
antigen may not follow the linear pattern in tissues that are anti-
gen positive. It is not surprising that for most tissues the PBPK 
model well-predicted the tissue vs. plasma mAb concentrations 
because the model takes into account all the known necessary 
processes involved in the disposition of mAb. It was interesting, 
however, that, as predicted by the PBPK model, the correlation 
between the plasma and tissue concentrations of mAb (ABC val-
ues) was also constant across the four different species analyzed. 
One reason for the consistency could be the conserved nature of 
anatomy and physiological processes involved in mAb disposi-
tion among the analyzed species. Because of their large molecular 
weight, the tissue distribution of most mAbs is limited to vascu-
lar and interstitial spaces of tissues, and the presence of similar 

Figure 4. tissue vs. plasma mAb concentration profiles generated from the rat validation data set are shown. Black solid dots represents the observed 
data, the black solid line represents the profile generated based on the mouse estimated ABC values, and black dotted lines around the solid line 
represent the 2-fold error envelop. the ‘n’ value in each panel displays the number of observed data points for each tissue.
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themselves can have on the outcome of mAb tissue distribution 
studies. Radioactive isotopes can be divided into residualizing 
(e.g., indium-111, zirconium-89) or non-residualizing (e.g., 
iodine-125) isotopes. It is generally believed that when a mAb is 
attached to a non-residualizing isotope, the isotope will leave the 
cell rapidly after digestion of mAb in the cells. When a mAb is 
attached to a residualizing isotope, however, the isotope can be 
retained in the cell for prolonged period of time after the mAb 
is digested. Thus, mAb tissue concentrations obtained using a 
non-residualizing isotope generally follow the serum concen-
tration profile, and mAb tissue concentrations obtained using 
residualizing isotopes may not show as rapid a decline in concen-
tration as the serum concentration profile. However, except for 
bone and spleen data from a zirconium-89 labeled mAb, we did 
not observe any visible trend where residualizing isotopes showed 
significant (within 2-fold) digression from ABC predicated tis-
sue vs. plasma concentration profiles. This suggests that either 
the effect of residualizing isotopes was not significant enough to 
be captured as a systematic deviation from the typical tissue vs. 
plasma concentration profiles, or the effect of residualizing iso-
topes may be more prominent on molecules with short half-life 
(e.g., Fab and scFv) than on intact mAbs with relatively longer 
half-lives.

The estimated and validated ABC values for mAb tissue dis-
tribution presented here can have a significant effect on preclini-
cal and clinical research by allowing prediction of tissue mAb 

Of note, despite the assumption by the PBPK model that FcRn 
concentration is similar in the vascular endothelial cells of all the 
tissues in all species,1 it provided reasonable prediction of the tis-
sue vs. plasma mAb concentration profiles for most of the tissues 
in all the species tested. This suggests either that the tissue distri-
bution is not sensitive to the FcRn concentration or the assump-
tion made by the PBPK model is close to reality.

Because use of ADCs as the targeting modality is increasing, 
two mouse and one rat ADC tissue distribution data sets were 
also included in the present analysis.14-16 It was observed that the 
tissue distribution of analyzed ADCs was not much different 
than that of naked mAbs (Figs. 3 and 4; Fig. S1), suggesting 
that the conjugation of payload with mAbs did not dramatically 
alter the tissue distribution of the ADCs. It would be naïve to 
conclude, however, that the ADC disposition in tissues is usually 
similar to that of mAb based on the small number of examples 
tested here because there are clinical reports demonstrating dif-
ferent tissue distribution of ADC compared with its parent mAb, 
e.g., unexpected in vivo fate for the anti-Lewis Y ADC (CMD-
193) in patients with advanced epithelial cancers, marked by dif-
ference in biodistribution of the ADC compared with parental 
antibody hu3S193.17

The mAb tissue distribution studies used to generate the data 
for our training and validation data sets employed iodine-125, 
iodine-131, indium-111, tritium (H-3), or zirconium-89 labels. 
It is therefore important to understand the affect the isotopes 

Figure 5. the figure displays the tissue vs. plasma mAb concentration profiles generated from the monkey and human combined validation data set. 
Black open circles represents monkey and the black solid circles represents human observed data. Black solid line represents the profile generated 
based on the mouse estimated ABC values and black dotted lines around the solid line represent the 2-fold error envelop. the ‘n’ value in each panel 
displays the number of observed data points for each tissue.
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Building training data set from mouse mAb tissue distribution 
studies. Twenty-three different mouse tissue distribution stud-
ies with various kinds of mAbs, in various animal models, with 
diverse route of administration and radiolabels were obtained 
from published or in-house references to build the training data 
set.5-7,9-11,18,19 The details about the individual biodistribution 
studies are provided in Table S1. The data set ranged from PK 
of a non-specific mAb in wild-type mouse, FcRn knockdown 
mouse, wild-type mouse pre-administered with IVIG, and tumor 
bearing nude mouse, to the PK of tumor antigen specific mAb in 
tumor bearing mouse. All the data sets were digitized from the 
literature (using the software ‘Grab It! XP’) and mean data were 
used for the analysis. Tissue and plasma concentration were con-
verted in the units of nM for comparison.
Estimation of antibody biodistribution coefficient. Tissue con-
centration vs. plasma concentration profiles for all the tissues 
involved in the training data set was plotted to assess the pattern 
of the data. The data was fitted, with the software WinNonlin 
(version 5.2, Pharsight Corp.), using Equation 1 to estimate the 
ABC value for each tissue, which is essentially the slope of the 
tissue vs. plasma concentration profile:

mAb_Tissue Conc. = ABC • mAb_Plasma _Conc. (1)

Validation data set from mouse mAb tissue distribution studies. 
Twenty-one different mouse tissue distribution studies from pub-
lished references other than the ones used to develop the mouse 
training data set, with various kinds of mAbs and ADC, in various 
animal models and with diverse radiolabels, were used to build the 
mouse validation data set.13-15,20-28 Details about the individual bio-
distribution studies are provided in Table S2. Based on Equation 
1, using the plasma mAb concentration and ABC values, expected 
tissue concentrations were calculated for each tissue. For quanti-
tative comparison of observed and predicted tissue concentration 
data, the median percent predictive error (%PE) with 10 and 90 
percentiles was calculated for the whole data sets using Equation 2:

   (2)

Validation data set from rat, monkey, and human mAb tis-
sue distribution studies. Fourteen different rat tissue distribu-
tion studies,16,19,24,29-33 three different monkey tissue distribution 
studies,24,34 and one human tissue distribution study with a 
non-binding mAb35 were used to build two different non-mouse 
validation data sets. Data from monkey and the human tissues 
distribution studies were combined in a single validation data set.  
The details about the individual biodistribution studies are 
provided in Tables S3 and S4. Based on the ABC values and 
Equation 1, expected tissue concentrations were calculated for 
each tissue. For quantitative comparison of observed and pre-
dicted tissue concentration data, the median percent predictive 
error (%PE) with 10 and 90 percentiles was calculated for both 
the data sets.

concentration based on plasma concentration. Such predictions 
can aid in the dilution/preparation of tissue samples from mAb 
distribution studies. The ability to infer tissue mAb concentra-
tion can also help pharmacologists and toxicologists who may 
want to know mAb concentration in a specific tissue based on 
C

max
 (maximum plasma concentration), C

min
 (minimum plasma 

concentration) or C
ss
 (steady-state plasma concentration) for 

safety or efficacy evaluation purposes. Because a relationship for 
tissue distribution of non-binding mAbs is established, results 
from a reduced tissue distribution study can be compared with 
the expected ones based on the ABC values to determine if a mAb 
is showing specific affinity/retention in any given tissue, rather 
than executing an extensive tissue distribution study. The tissue 
vs. plasma mAb concentration profile from the experiment can 
be compared with the one established here to assess tissue tar-
geting or experimental/analytical error based on deviation from 
the correlation. Thus, the established relationship described here 
can be used to avoid expensive, and often radiolabeled, tissue 
distribution studies, thereby saving time, money, resources, and 
the lives of animals. The proposed coefficient-based method to 
predict tissue concentration of mAb and related molecules pro-
vides a simpler alternative to the PBPK models because sophis-
ticated mathematical modeling skills and software would not 
be needed to approximate tissue mAb concentrations using the 
ABC values.

In summary, based on the PBPK model and experimental 
data, we established that there is a linear relationship between 
the plasma and tissue concentration of mAbs. The relationship 
was quantified by estimating the ABCs for mAbs, which can 
help infer tissue mAb concentration based on the plasma con-
centration within a 2-fold error range. The ABC values estab-
lished based on mouse data seem to hold for other animal species 
as well, and seems generally independent of concentration and 
time. The confidence in the tissue concentration predictions 
based on ABC values would be high for post-distribution pre-
dictions for mAbs and related molecules in the non-binding tis-
sues. Because substantial amounts of data regarding the tissue 
distribution of mAbs and related molecules in different animal 
species are being generated, additional validation and evalua-
tion of the proposed tissue vs. plasma concentration relationship 
and refinement of the ABC values, especially for monkey and 
human, are needed.

Materials and Methods

PBPK model simulations. A previously published platform 
PBPK model for mAb1 was used to simulate (using the software 
Berkeley Madonna, version 8.3.18) plasma and tissue concen-
trations vs. time profiles of non-binding mAbs in mouse, rat, 
monkey, and human. The mouse, rat, monkey, and human sim-
ulations were performed at 8, 0.7, 1 and 5 mg/kg doses, which 
are the same doses that were used to develop the PBPK model. 
For each tissue, the simulated data was plotted as ‘tissue mAb 
concentration vs. plasma mAb concentration’ profile. The tissue 
vs. plasma concentration profiles for all four species were super-
imposed for comparison.
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