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Selecting a safe starting dose in man 
using MABEL 

• “Minimum Anticipated Biological Effect Level” (MABEL)

• Ideally preclinical data are used for dose selection
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...how to determine a starting dose 
when the therapeutic antibody lacks 
binding in preclinical species?

• Case study: a human IgG1 which binds a leukocyte
cell surface receptor, with no relevant preclinical
species or disease model available

• Strategy: the selection of a pharmaceutically active
starting dose was extrapolated from Receptor
Occupancy (RO) data using fresh leukocytes

• 10 % RO was assumed to be the MABEL equivalent
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Predicting Receptor Occupancy in vitro

Experimental Solution:

• Titrate TA in vitro into fresh blood samples, and assess
TA free receptor with labeled TA, using Flow Cytometry

• RO range is established with drug free samples (maximal
staining) and TA saturated samples (lowest staining)
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Free vs. Total receptor assay
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Free Receptor Assay Principle
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A linear regression is used to 
extrapolate 10% RO
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• The intercept at 10 % RO (orange dotted line) is determined 
• Only the linear portion of the curve is used (robust data)
• 15 % to 90 % RO, pink dashed line
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• Conversion of MFI to RO with formula:
RO (%)= 100 − ( &'(()*+ ,-.

/('0 *123) ,-. ×100 %)
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Data and Data normalization
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• Median Fluorescence Intensity (MFI) of labeled TA on cells of
interest as main readout

• Normalization: Isotype Control signal is subtracted from labeled TA
signal to correct for unspecific binding

• No loss of receptor through TA addition during sample preparation
and storage – total receptor assay not required

In vitro Receptor Occupancy (%)= 100 − ( &'(()*+ ,-./0) 12 345

6('7 *-89) ,-./0) 12 345
×100 %)

In vivo RO (%) = 100 − &'(()*+ 12 345
=>?@ABC@ DEFGH

=>?@ABC@ CICJIKL. ENFGH
×&'(()*+ *O*&O./. 2P 345

×100 %

Standard RO calculation (example):

MABEL RO calculation (free receptor assay):
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Free Receptor MFI is first determined  
in blood from healthy donors
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• Results from 22 donors were analyzed and plottted

Variability in 
maximum 
staining

The differences in maximum staining is 
explained by the variability in number 
of receptor per cell or the cell size, but 
is not dependent on cell number
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Receptor Occupancy is calculated 
from free receptor data
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Median 10 % RO 
concentration of 
22.1 ng/mL. 
No correlation of 
maximum staining to 10 % 
RO concentration.

Variability in 10 % RO
concentrations*

*calculated in Excel



Novartis Pharma AG, PKS Bioanalytics

0 .0
0 1

0 .0
1

0 .1 1 1 0
1 0 0

1 0 0 0

0

1 0 0 0 0

2 0 0 0 0

3 0 0 0 0

4 0 0 0 0

5 0 0 0 0

T A  µ g /m L

n
o

rm
a

li
ze

d
 M

F
I

0 .0
0 1

0 .0
1

0 .1 1 1 0
1 0 0

1 0 0 0

-2 0

0

2 0

4 0

6 0

8 0

1 0 0

1 2 0

T A  µ g /m L

R
e

c
e

p
to

r 
O

c
c

u
p

a
n

c
y

 (
%

)

RO in lymphoma and healthy donors were 
comparable
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Median 10 % RO concentration of 29.6 ng/mL

MFI % RO

• Occasional higher MFIs have no impact on calculated RO

Variability in 10%Ro 
concentrations
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Clinical Starting Dose Selection
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22.1 ng/mL in healthy volunteer blood required 

for 10 % RO in vitro

Corresponds to 1.6 µg/kg in healthy volunteers (70kg)

Dose at which 10% RO is achieved at Cmax (assuming IV bolus)*

Apply disease conversion factor (higher 

receptor expression, higher cell count)

Selected starting dose of 5 µg/kg (corresponds 

to ~70 ng/mL at Cmax)

*In the absense of translatable preclinical PK to human PK (Cplasma=Dose/Vplasma , where Vplasma ~5000 mL)
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Conclusion

• A safe clinical starting dose can be based on MABEL, e.g. a certain 
receptor occupancy on the cells of interest

• In vitro Receptor Occupancy (RO) assays could help matching drug 
concentrations to desired receptor occupancy levels

• A free receptor assay was developed for fresh blood analysis

• In vitro drug titration data was used for calculating a drug / RO curve

• Linear regression intercept calculation was performed to match blood 
drug concentrations to a desired RO level

• Healthy volunteer and disease population blood was assessed

• The resulting data was used to calculate a clinical starting dose
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Backup 
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Detailed Assay procedure
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Pre-Assay
• Blood collection with K2EDTA Vacutainer

• (For MABEL:) Spiking with therapeutic antibody (7 Step titration + unspiked), 
30 min at RT on rotary shaker

• Addition of 1 vol blood to 1 vol 20 % DMSO in FCS in Cryotube

• Freeze in Mr. Frosty™, then transfer to liquid nitrogen for long term storage

Assay:
• Thaw blood vial in RT water

• Add 30 µL blood to 6 µL antibody master mix, incubate 30’ in RF 
(96 well v bottom PP plate), 

• Add 250 µL erythrocyte lysis buffer, incubate 15’ at RT  in dark

• spin down 300g, 5’, RT, aspirate supernatant, resuspend with 250 µL cell wash  

• spin down 300g, 5’, RT, aspirate supernatant, resuspend with 200 µL fixative

• Read


