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In the following an observation from the DOE experiments regarding the influence
of the incubation time is shown.

Figure 1: Exemplary dose response curves of pegylated G-CSF using a MTT viability assay and the
lowest cell density. The dose-response curve for a short incubation time (blue), middle incubation time
(red) and long incubation time (red) are depicted, respectively. The error bars mark the respective
standard deviation.
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The following table displays the results of of the validation parameter for intermediate
precision, repeatability, accuracy and linearity.

Investigations were performed in order to optimize a cell-based bioassay to
generate a precise and robust assay system according to the European
Pharmacopoeia monograph 2206.

Using three DOE approaches in parallel three different readout systems were
compared regarding the ratio of minimum and maximum growth, the sigmoidal
dose-response curves and the coefficients of variation.

In addition, the effect of different incubation times and the effect resulting from the
variation of cell density were evaluated. After optimization, the assay was
characterized and a validation was performed.
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Figure 1: Basic design of DOE approach which was applied for each cell proliferation readout
independently. In total, 27 experiments were perfomed on the same day. In order to increase the
precision all experiments were repeated independently.

The following steps were performed after the initial optimization experiments:

Further  optimization of incubation time and cell number taking the experimental setups
with the highest scores as starting basis
Standardization of cell culture
Optimization of points of the dose-response curve with regard to the relative 95%
confidence interval of the relative potency determination (4PL model)
Performances of several assays in order to generate historical data and to preliminarily
assess assay precision -> Decision to use MTT viability assay as readout
Set-up of System Suitability Tests (SSTs):

(1) Signal to noise ratio: Ratio of mean O.D. positive control and mean O.D.
negative control  11.5.

(2) The lack-of-fit test is not significant. The calculated probability has to be > 0.05.
In this case the “Test of Linearity” in PLA2.0 is passed.

(3) The term for non-parallelism is not significant. The calculated probability has to
be   0.05. In this case the “Test of Parallelism” in PLA2.0 is passed.

(4) The slope at the midpoint of the curve is significantly different from 0. The
calculated probability has to be  0.05. In this case the “Test of Regression” in
PLA2.0 is passed.

(5) The relative 95 % confidence interval should be  27.0%.

Performance of experiments to evaluate robustness of the assay
Characterization using the reference standard at 50%, 80%, 100%, 125% and 200%
expected biological activity in three independent experiments

It is important to examine different readouts in order to establish a precise and robust
in vitro bioassay for lot release
Using the 4PL model the optimization of the points of the dose-response curve is
important with regard to the relative 95% confidence interval
Assay protocol modifications may be required for other long acting G-CSF molecules
depending on the type and the proportion of the conjugated molecule (e.g. PEG, HES)

Figure 2: Representative dose response curve of the reference standard (red) and the standard in 80 % (blue),
and 125 % (green) expected biological activity. The error bars mark the respective standard deviation.

After establishment of a G-CSF dependent NFS-60 cell clone an initial
optimization was performed using DOE (see Figure 1 for DOE design). This
approach was performed independently for each of three cell proliferation
readouts (MTT viability assay, luciferase assay, and 3H thymidine incorporation).
In order to increase the precision the DOE experimental set was repeated on a
different day.

Initial Optimization using DOE

Optimization, Robustness and
Characterization

Validation

The following validation strategy was applied

2 analysts
3 independent experiments per analyst using the reference standard at 80%, 90%,
100%, 111% and 125% expected biological activity
each experiment comprising of 4 plate sets and two samples per plate
Plate set 1: 80%-90%, plate set 2: 100%-80%, plate set 3: 111%-125% and plate set 4:
125%-100%

In figure 2 a representative dose response curve of the reference standard and the standard
in 80 %  and 125 % expected biological activity is depicted.

Parameter Result

Repeatability (intra-
assay precision)

activity [%]
coefficient of

variation (CVg)
[%]

80 2.0
100 4.2
125 4.8

80, 100, 125 3.9

Intermediate
Precision (inter-assay

precision)

activity [%]
coefficient of

variation (CVg)
[%]

80 1.7
100 3.4
125 5.8

80, 100, 125 4.0

Accuracy

activity [%] recovery rate [%]
80 97.7
100 98.8
125 100.7

Linearity 80, 90, 100, 111,
125

R2 = 0.94
y=1.0124x-0.0264

Best performance with short time and middle cell density taking both the signal to noise
ratio and the coefficients of variation into account
Focus on MTT viability assay and luciferase assay as readout for further optimization
steps

Results of DOE experiments

Change of shape of sigmoidal dose-response curve with regard to slope and
lower asymptote
The longer the incubation time the lower the pegylated G-CSF concentration
necessary for maximal cell growth

Table 1: Results of validation experiments


