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Abstract
Background and objective The subcutaneous injection of therapeutic monoclonal antibodies is increasingly used in the 
treatment of several diseases because of its convenience. Thus, a simple and accurate method of predicting the pharmacoki-
netics of monoclonal antibodies after a subcutaneous injection in humans would be a valuable tool for preclinical/clinical 
development. In this study, we investigated whether the pharmacokinetics of monoclonal antibodies after a subcutaneous 
injection in humans can be predicted using only pharmacokinetic data after a subcutaneous injection in cynomolgus monkeys.
Methods First, we compared the accuracy of three approaches to predict the apparent clearance (CL/F) and apparent vol-
ume of distribution (Vd/F) for 15 monoclonal antibodies in humans (1) allometric scaling from cynomolgus monkeys; (2) 
geometric mean of reported values in humans; (3) estimation from a regression line based on CL/F in humans [only Vd/F]). 
Then, using the predicted CL/F and Vd/F, and the geometric mean of reported absorption rate constant of mAbs the plasma 
concentration–time profiles of 13 monoclonal antibodies after subcutaneous injections in humans were simulated.
Results In a comparison of approaches, the first approach showed the best prediction accuracy for CL/F with an exponent 
of 0.9 (100% and 73% prediction accuracy within 2- and 1.5-fold of the observed value), and the third approach was the best 
for Vd/F (100% prediction accuracy within 1.5-fold of the observed value). Next, using the first approach for CL/F and the 
third approach for Vd/F, we accurately predicted the plasma concentration–time profiles of 13 monoclonal antibodies after 
subcutaneous injections in humans.
Conclusion This simple approach can be applied in preclinical and clinical settings to predict the pharmacokinetics of mono-
clonal antibodies after subcutaneous injections in humans. Further, this approach requires only CL/F after a subcutaneous 
injection in cynomolgus monkeys, contributing to animal welfare and reducing costs.
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Key Points 

Human pharmacokinetics of monoclonal antibodies after 
a subcutaneous injection was accurately predicted from 
only three parameters based on the pharmacokinetic data 
after a subcutaneous injection in cynomolgus monkeys.

Our simple approach does not require the pharmacoki-
netic data after an intravenous injection in animals, 
contributing to animal welfare, and reducing costs.

1 Introduction

Therapeutic monoclonal antibodies (mAbs) have become an 
important therapeutic option for several diseases including 
cancer, autoimmune diseases, and infectious diseases [1, 
2]. The advantages of mAbs over other therapeutic formats 
(small-molecule drugs, peptide drugs, and other protein 
drugs) are high specificity, strong binding affinity against 
the target antigen, and superior pharmacokinetic properties 
(in particular the long half-life, small clearance [CL], and 
high subcutaneous bioavailability). Although mAbs cannot 
be orally administered owing to their instability in the stom-
ach and intestine and their poor penetration of the intestinal 
epithelial barrier, there are several other options for deliver-
ing mAbs into systemic circulation such as intravenous (IV), 
subcutaneous (SC), and intramuscular injection [3].
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Subcutaneous injection is an effective administration route, 
especially for patients with chronic diseases. Self-injection is 
convenient for both hospitals and patients because a hospital 
visit is not needed. Even if administered at a hospital, self-
injection does not require a hospital bed, making long-term 
stays unnecessary and allowing hospitals to better manage 
bed occupancy. Because of these advantages, SC injection has 
been recently applied in clinical settings for a variety of mAbs 
[4]. Furthermore, several novel technologies, such as “recy-
cling antibody” [5], “sweeping antibody” [6–8], and appli-
cation of hyaluronidase [9], have been developed to reduce 
the required dosage or increase injection volume [10]. These 
technologies can further increase the number of SC formula-
tions in development.

In the preclinical development of mAbs, cynomolgus 
monkeys are frequently used to evaluate pharmacokinetics, 
pharmacodynamics, and safety owing to the high homology 
of target antigens and comparable FcRn-binding properties 
with humans [11]. Cynomolgus monkeys are also reported 
to be good for predicting the pharmacokinetics of mAbs in 
humans [12, 13]. In both species, the linear pharmacokinetic 
profile of mAbs after IV and SC injections are captured well 
by six parameters: CL, inter-compartmental CL (Q), volume 
of distribution in the central compartment (Vc), volume of dis-
tribution in the peripheral compartment (Vp), absorption rate 
constant (ka), and bioavailability (F) [14–17]. Thus, we previ-
ously established an approach for predicting all six param-
eters, including the plasma concentration–time profile after 
IV and SC injections in humans [12]. In the six parameters, 
estimation of CL, Q, Vc, and (Vp) require the pharmacokinetic 
data after the IV injection, estimation of ka requires the phar-
macokinetic data after the SC injection, and estimation of F 
requires the pharmacokinetic data after both IV and SC injec-
tions. In contrast, as the distribution phase contributes little to 
the pharmacokinetic profile, only three parameters (apparent 
CL [CL/F], apparent volume of distribution [Vd/F], and ka) 
are needed to capture the pharmacokinetic profile of mAbs 
after SC injections. An approach that accurately predicts these 
three parameters in humans would be simpler than our previ-
ous approach. Moreover, if estimating the CL/F and Vd/F in 
humans only requires pharmacokinetic data from cynomolgus 
monkeys after a SC injection, then an IV injection becomes 
unnecessary, which improves animal welfare (3Rs, replace-
ment, reduction, and refinement) and reduces costs.

In this study, we investigate multiple approaches for accu-
rately predicting the pharmacokinetic parameters and profiles 
of mAbs after a SC injection in humans, and based on this 
analysis, we establish a simple and reliable approach using 
only three parameters (CL/F, Vd/F, and ka).

2  Methods

2.1  Data Collection

First, to prepare the dataset for analysis, pharmacokinetic 
data of mAbs after SC injection in cynomolgus monkeys 
and humans were obtained from public sources (scientific 
articles, patents, and information provided by the Pharma-
ceutical and Medical Devices Agency and the US Food and 
Drug Administration). To eliminate the influence of target-
mediated drug disposition, only mAbs showing linear phar-
macokinetics in cynomolgus monkeys and humans were 
selected for analysis. The average values of pharmacokinetic 
parameters and plasma concentration–time profiles were col-
lected from data sources. Plasma concentration–time pro-
files were obtained by scanning the figure from data sources 
using UnGraph 5 (Biosoft, Cambridge, United Kingdom). 
The concentration of mAbs in plasma was assumed to be 
the same in serum. If body weight information was not 
described in the data source, a body weight of 3 kg (cyn-
omolgus monkey) and 75 kg (human) was used.

2.2  Prediction of Apparent Clearance and Apparent 
Volume of Distribution in Humans

In this study, to determine the best method for predicting 
CL/F and Vd/F of mAbs after a SC injection in humans, 
three approaches were investigated.

Approach 1  Allometric scaling from CL/F and Vd/F in 
cynomolgus monkeys.

Approach 2  Geometric mean of reported CL/F and Vd/F 
of 15 mAbs in humans.

Approach 3  Prediction of Vd/F from predicted CL/F in 
humans using a linear regression analysis 
(derived equation is described in the results 
section) between CL/F and Vd/F (only for 
Vd/F).

2.3  Allometric Scaling

To determine the optimal scaling exponent of the allometric 
scaling approach for CL/F and Vd/F, the CL/F (mL/day) 
and Vd/F (mL) in humans were extrapolated from that in 
cynomolgus monkeys using the allometric scaling equation, 
with the scaling exponents of each parameter calculated 
using the following equations.

CL∕Fhuman = CL∕Fmonkey ×

(

BWhuman

BWmonkey

)eCL∕F
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BW and e represent body weight and scaling exponent, 
respectively. To estimate the optimal exponents for CL/F 
and Vd/F, the predictability of CL/F and Vd/F in humans was 
evaluated using several exponents.

2.4  Simulation of Plasma Concentration–
Time Profiles of Monoclonal Antibodies 
after Subcutaneous Injections in Humans

To evaluate the applicability of this approach to the predic-
tion of the plasma concentration–time profile of mAbs after 
SC injections in humans, the plasma concentration–time 
profile was simulated using a one-compartment model 
with first-order absorption and elimination as the following 
equations.

Aa, Ac, kel, and Cc represent the amount of mAb in the SC 
compartment, the amount in the central compartment, the 
elimination rate constant from the central compartment, and 
the concentration in the central compartment, respectively. 
Apparent CL predicted by approach 1 and Vd/F predicted by 
approach 3 and the geometric mean of ka (0.287 (/day)) for 
mAbs after SC injections in humans were used in a simula-
tion study. This study used the geometric mean of ka (0.287 
(/day)) calculated from data of total 19 mAbs in our previous 
report [12] as we previously found that ka of mAbs after SC 
injections in humans showed small variability among mAbs. 
Furthermore, the geometric mean of ka accurately predicted 
the plasma concentration–time profiles of mAbs after SC 
injections in humans in a previous study. Simulated plasma 

V
d
∕Fhuman = V

d
∕Fmonkey ×

(

BWhuman

BWmonkey

)eVd∕F

dAa

dt
= −ka × Aa

dAc

dt
= ka × Aa − kel × Ac

Cc =
Ac

Vd∕F

CL∕F = kel × Vd∕F

Aa(t = 0) = Dose

Ac(t = 0) = 0

Cc =
ka × Dose

(

ka × Vd∕F − CL∕F
)

{

exp

(

−
CL∕F

Vd∕F
× t

)

− exp
(

−ka × t
)

}

concentration–time profiles of mAbs were compared with 
observed values.

2.5  Analysis

The simulation was conducted using SAAMII software (The 
Epsilon Group, Charlottesville, VA, USA). Linear regression 
analysis was performed using GraphPad Prism 6 (Graph-
Pad Software, Inc., San Diego, CA, USA). The Pearson cor-
relation coefficient r value was significant when p < 0.05. 
The parameters were compared using an unpaired t-test. 
The MAPE (mean absolute prediction error) was estimated 
to evaluate the prediction accuracy of CL/F and Vd/F in 
humans as follows:

.

3  Results

3.1  Relationship between Pharmacokinetic 
Parameters

Fifteen mAbs were used for analysis. The pharmacokinetic 
parameters of mAbs after SC injections in cynomolgus 
monkeys and humans are listed in Table 1. The list consists 
of different IgG subclasses (IgG1 [11 mAbs], IgG2 [two 
mAbs], and IgG4 [two mAbs]) and mAbs against different 
target antigens. Figure 1 shows the distribution of CL/F and 
Vd/F in both species. The geometric mean of CL/F in cyn-
omolgus monkeys and humans was 5.90 mL/day/kg (range 
2.94–23.8) and 4.78 mL/day/kg (range 2.89–11.7), and Vd/F 
was 90.8 mL/kg (range 45.0–177) and 132 mL/kg (range 
77.6–197), respectively. The geometric mean of CL/F in 
cynomolgus monkeys was slightly higher than in humans 
(p = 0.27). In contrast, the geometric mean of Vd/F was 
significantly lower in cynomolgus monkeys (p = 0.0059). 
Figure 2 shows the correlation of CL/F (A) and Vd/F (B) 
between cynomolgus monkeys and humans. While a signifi-
cant correlation was observed for CL/F (Pearson r = 0.782, 
p = 0.0006), there was no clear correlation for Vd/F (Pear-
son r = 0.345, p = 0.2083). However, Vd/F and CL/F were 
significantly correlated with each other in humans (Pearson 
r = 0.777, p = 0.0007) (Fig. 2c). The equation of the linear 
regression line between CL/F (mL/day/kg) and Vd/F (mL/
kg) in humans was as follows:

MAPE =
1

n
×
∑

√

{(

Observed − Predicted

Observed

)

× 100
}2

Vd∕Fhuman(mL/kg) = 12.19 × CL∕Fhuman(mL/day/kg) + 73.46.
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The Y-intercept of the regression line (73.46 (mL/kg)) 
was similar to reported Vd of mAbs [18]. This is reasonable 
because mAbs with small CL/F should show almost 100% 
F and small CL. Therefore, Vd/F should be close to Vd for 
mAbs with small CL/F.

3.2  Estimation of Optimal Exponent for Allometric 
Scaling

The optimal exponent of allometric scaling to predict CL/F 
and Vd/F of mAbs in humans from that in cynomolgus mon-
keys was investigated using data from 15 mAbs. Figure 3 
shows the distribution of exponent for CL/F and Vd/F of 15 

Table 1  Pharmacokinetic parameters of monoclonal antibodies after a subcutaneous injection in cynomolgus monkeys and humans

CL/F apparent clearance, IgE immunoglobulin E, IL interleukin, RA receptor A, TNF tumor necrosis factor, Vd/F apparent volume of distribution

Antibody Target Subclass Cynomolgus monkey Human References

CL/F Vd/F CL/F Vd/F

mL/day/kg mL/kg mL/day/kg mL/kg

DX-2930 Plasma kallikrein IgG1 5.52 99.9 6.70 197 [27, 28]
CNTO5825 IL-13 IgG1 6.90 80.6 3.55 143 [29, 30]
Mepolizumab/SB-240563 IL-5 IgG1 3.04 89.1 3.00 77.6 [31, 32]
Adalimumab TNFα IgG1 9.84 177 6.56 171 [33]
Omalizumab IgE IgG1 3.07 78.4 2.90 80.1 [34]
Golimumab TNFα IgG1 23.8 45.0 11.7 197 [35, 36]
Secukinumab IL-17A IgG1 2.94 79.3 2.89 98.6 [37]
ABT-981 IL-1α and IL-1β IgG1 5.56 64.1 7.56 129 [38, 39]
Guselkumab IL-23 IgG1 11.0 167 7.66 187 [40, 41]
Ustekinumab/CNTO1275 IL-12/23 IgG1 3.79 75.4 3.10 97.3 [42, 43]
Risankizumab/ABBV-066 IL-23 IgG1 8.07 89.3 5.27 160 [44, 45]
Nemolizumab/CIM331 IL-31RA IgG2 4.67 86.2 3.86 91.8 [46, 47]
AMG139 IL-23 IgG2 7.63 93.0 2.97 118 [48, 49]
ACE910 FIX and FX IgG4 3.59 122 3.49 156 [50, 51]
Ixekizumab IL-17A IgG4 6.29 93.0 8.83 174 [52]
Geometric mean 5.90 90.8 4.78 132

Fig. 1  Distribution of apparent clearance (CL/F) (a) and apparent 
volume of distribution (Vd/F) (b) of monoclonal antibodies in cyn-
omolgus monkeys (closed circles) and humans (closed squares). Geo-
metric means with 95% confidence intervals are shown. cyno cyn-
omolgus monkeys

Fig. 2  Correlation of parameters between cynomolgus monkeys and 
humans. a Correlation of apparent clearance (CL/F) between cyn-
omolgus monkeys and humans (r = 0.782, p = 0.0006). b Correlation 

of apparent volume of distribution (Vd/F) between cynomolgus mon-
keys and humans (r = 0.345, p = 0.2083). c Correlation of CL/F and 
Vd/F in humans (r = 0.777, p = 0.0007). cyno cynomolgus monkeys
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mAbs. The geometric mean of exponent for CL/F and Vd/F 
was 0.93 and 1.11. In Fig. 4, the prediction accuracy of CL/F 
and Vd/F in humans was investigated using different expo-
nents. The highest prediction accuracy was achieved with 
an exponent of 0.9 for CL/F and 1.1 for Vd/F. An exponent 
of 0.9 for CL/F showed 100% and 73% prediction accuracy 
within 2- and 1.5-fold of the observed value. An exponent 
of 1.1 for Vd/F showed 93% and 87% prediction accuracy 
within 2- and 1.5-fold of the observed value. 

3.3  Comparison of Approaches to Predict Apparent 
Clearance and Apparent Volume of Distribution 
of Monoclonal Antibodies after Subcutaneous 
Injections in Humans

To select the best approach to predict CL/F and Vd/F 
of mAbs in humans, the prediction accuracy of three 
approaches were compared. In approach 1, an exponent of 
0.9 for CL/F and 1.1 for Vd/F were used. For CL/F, this 
(MAPE = 30.9%) showed better prediction accuracy com-
pared with approach 2 (MAPE = 43.0%). As shown earlier, 
approach 1, using an exponent of 0.9 for CL/F, showed 
100% and 73% prediction accuracy within 2- and 1.5-
fold of the observed value. However, for Vd/F, approach 
3 (MAPE = 18.9%) was the best among three approaches 

(MAPE = 28.5% for approach 1, MAPE = 29.7% for 
approach 2). Approach 3 for Vd/F showed 100% prediction 
accuracy within 1.5-fold of the observed value. The combi-
nation of approach 1 for CL/F and approach 3 for Vd/F was 
selected to predict the plasma concentration–time profile of 
mAbs after SC injections in humans.

3.4  Prediction of Plasma Concentration–
Time Profile of Monoclonal Antibodies 
after Subcutaneous Injection in Humans

The CL/F from approach 1 (allometric scaling), Vd/F from 
approach 3 (linear regression), and the geometric mean of 
ka (0.287 (/day)) was used to predict the plasma concentra-
tion–time profiles of 13 mAbs after SC injections in humans. 
Risankizumab and ixekizumab were removed from the data 
set because the appropriate plasma concentration–time pro-
files for those mAbs were not available. Figure 5 shows the 
observed and predicted plasma concentration–time profiles 
of 13 mAbs after SC injections in humans. Figure 6 shows 
the overall relationship between observed and predicted 
values. As shown in Fig. 5, the elimination phase of only 
AMG139 was clearly under-predicted by this approach.

4  Discussion

In this study, we investigated a simple approach for predict-
ing the pharmacokinetic profiles of mAbs after SC injections 
in humans using only three parameters (CL/F, Vd/F, and ka). 
As described earlier, we previously proposed an approach 
that used six parameters and required pharmacokinetic data 
after IV injections in cynomolgus monkeys. However, data 
after SC injections in cynomolgus monkeys are required to 
expect the exposure of mAbs after SC injections in a toxicol-
ogy study when that delivery route is intended for a clinical 
trial. Thus, to simplify the process and reduce the amount 
of required data, we proposed a new approach to predict the 
pharmacokinetics of mAbs after SC injections in humans.

Fig. 3  Distribution of exponent for apparent clearance (CL/F) (a) and 
apparent volume of distribution (Vd/F) (b) of monoclonal antibodies. 
Geometric means with 95% confidence intervals are shown

Fig. 4  Prediction accuracy 
of apparent clearance (a) and 
apparent volume of distribution 
(b) of monoclonal antibodies in 
humans using different expo-
nents. Solid and dashed lines 
indicate 2.0- and 1.5-fold differ-
ence from the observed value
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In this study, we observed a significant positive correla-
tion between the CL/F of mAbs in cynomolgus monkeys 
and humans. This is a first report of such a correlation. We 
and other groups have reported that CL of mAbs in humans 
can be accurately predicted from that in cynomolgus mon-
keys using allometric scaling [12, 18, 19]. We also reported 
a significant correlation between CL after an IV injection 
and F after a SC injection in humans, which indicated that 
mAbs with higher CL show lower F after a SC injection. 
Therefore, the significant positive correlation of CL/F after 
a SC injection between cynomolgus monkeys and humans is 
considered to be reasonable. Because of the significant posi-
tive correlation of CL/F between cynomolgus monkeys and 
humans, the allometric scaling approach (approach 1) was 
able to reliably predict CL/F in humans. We [12], Deng et al. 
[19], and Dong et al. [20] reported that the allometric scaling 
of data from cynomolgus monkeys showed 71% (17 out of 
24 mAbs), 85% (11 out of 13 mAbs), and 50% (5 out of 10 
mAbs) predictability of CL after an IV injection in humans 
within 1.5-fold of the observed value. Approach 1 for CL/F 
showed comparable accuracy (100% and 73% prediction 
accuracy within 2- and 1.5-fold of the observed value) 
with a previous report for CL. We estimated that 0.9 was 
the best exponent for predicting CL/F with this approach. 
However, we [12], Deng et al. [19], and Dong et al. [20] 
proposed using 0.8, 0.85, and 0.75 as exponents to predict 
CL in humans from that in cynomolgus monkeys using the 
allometric scaling approach. The optimal exponents for CL 
and CL/F are different because of F. It has been reported that 
F of mAbs after a SC injection in humans tended to be lower 
than that in cynomolgus monkeys [21]. Thus, the optimal 
exponent of CL/F would be slightly higher than that of CL.

In this analysis, the elimination phase of AMG139 was 
under-predicted. Our previous study also showed this under-
prediction for AMG139 after an IV injection in humans 
using the allometric scaling approach from cynomolgus 
monkeys [12]. This was because of the lower than expected 
CL of AMG139 in humans based on CL in cynomolgus 
monkeys. Therefore, the under-prediction for AMG139 is 
probably owing to the poor translationality of CL between 
cynomolgus monkeys and humans. As AMG139 is an IgG2-
based anti-interleukin-23 monoclonal antibody, there has 
been reported to be no atypical characteristics of AMG139 
compared to other mAbs. Because the exact reason for the 
under-prediction of AMG139 is still unknown, it remains 
an issue for the prediction of pharmacokinetics of mAbs in 
humans.

In contrast, there was no significant correlation in 
Vd/F between cynomolgus monkeys and humans. Thus, 
approach 1 (allometric scaling) showed a similar MAPE 
with approach 2 (geometric mean). Moreover, in this 
study, we found a significant correlation between Vd/F 
and CL/F in humans. Several previous reports showed no 
significant correlation between CL and Vd in humans [18, 
20]. Therefore, as both CL/F and Vd/F have the same F 
as a denominator, it is reasonable that a positive corre-
lation was observed between CL/F and Vd/F in humans. 
Furthermore, as described above, we previously reported 
a correlation between CL after an IV injection and F after 
a SC injection in humans [12]. This correlation between 
CL and F makes the correlation between CL/F and Vd/F 
clearer. Because of the significant correlation between 
CL/F and Vd/F in humans, approach 3 showed the lowest 
MAPE. Dong et al. [20] reported that the allometric scal-
ing approach of data from cynomolgus monkeys showed 
50% (five out of ten mAbs) predictability for Vd after an IV 
injection in humans within 1.5-fold of the observed value. 
Approach 3 showed superior accuracy (100% prediction 
accuracy within 1.5-fold of the observed value) for Vd/F 
than a previous report for Vd.

In this study, only mAbs with linear pharmacokinet-
ics were used for analysis. Generally, non-linear pharma-
cokinetics of mAbs is analyzed by a Michaelis–Menten 
model or the target-mediated drug disposition model [22, 
23]. These models separately provide linear (CL, Q, Vc, 
Vp or CL/F, Vd/F) and non-linear (Michealis–Menten con-
stant, maximum elimination rate, or internalization rate 
constant, total target concentration, target elimination rate 
constant, target production rate constant) pharmacokinetic 
parameters [24]. Even for mAbs with non-linear pharma-
cokinetics, linear pharmacokinetic parameters are needed 
to capture the plasma concentration–time profiles. There-
fore, this approach should also be valuable to predict linear 
pharmacokinetic parameters after a SC injection of mAbs, 
which show non-linear pharmacokinetics in humans. This 
point should be investigated in the future.

For prediction of pharmacokinetics of mAbs after a SC 
injection in humans, use of mini-pigs and in vitro tools has 
been reported. Zheng et al. [25] reported that F of mAbs 
after a SC injection in humans was weakly correlated with 
that in mini-pigs. While a mini-pig study can estimate a 
slight tendency of F in humans, mAbs often failed to show 
cross-reactivity against the target antigen in the mini-pigs, 
making them unsuitable for the types of efficacy/toxicology 
studies required for preclinical development. Thus, cynomol-
gus monkey studies continue to be necessary. Additionally, 
our proposed method appears to achieve greater prediction 
accuracy than the mini-pig-based estimations. Furthermore, 
Bown et al. [26] reported that an in vitro tool, termed Scis-
sor, accurately predicted F of mAbs after a SC injection in 

Fig. 5  Predicted and observed plasma concentration–time profiles 
of monoclonal antibodies after a subcutaneous injection in humans. 
Closed squares indicate observed average plasma concentrations of 
monoclonal antibodies. Solid lines indicate predicted plasma concen-
tration–time profiles of monoclonal antibodies

◂
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humans. Scissor mimics the physiological conditions in the 
SC environment using an extracellular matrix and optimal 
buffer. Although the study used only eight mAbs to evaluate 
the predictability of F, the combination of an animal study 
and in vitro assay can be an important strategy to improve 
animal welfare in the future.

5  Conclusions

We established a new approach that accurately predicts the 
pharmacokinetic profile of mAbs after a SC injection in 
humans using only three parameters (CL/F, Vd/F, and ka). This 
approach consists of only three steps.

First step  Prediction of CL/F in humans from that in 
cynomolgus monkeys using allometric scal-
ing with a fixed exponent of 0.9.

Second step  Prediction of Vd/F in humans from predicted 
CL/F in humans using a linear regression 
equation.

Third step  Simulation of the plasma concentration–
time profile of mAbs after a SC injection in 
humans using predicted CL/F and Vd/F and 
the geometric mean of ka (0.287 (/day)) in 
humans.

This approach does not require pharmacokinetic data after 
an IV injection in cynomolgus monkeys. Thus, this approach 
can improve animal welfare and reduce costs in the develop-
ment of mAbs.
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