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Viral Nanofilter Integrity

Using Variable-Pathlength UV-Vis Spectroscopy
for the Gold Nanoparticle Test

Zhen Tong, Juma Bridgewater, and Nuria de Mas

iral filtration (VF) using
nanofilters removes endogenous
and/or adventitious viruses from
biologic drug-substance
manufacturing processes (1). The gold
particle test (GPT) is performed as part
of postuse integrity testing — to
complement postuse leakage testing —
for cellulose filters such as Planova 20N
filters from Asahi Kasei Corporation.
First, a proprietary gold-colloid solution
matched to the filter type (e.g., 20N) is
filtered through the test article. That
filter’s pore-size distribution can be
assessed using spectrophotometric
absorbance readings of the integrity-test
solution — e.g., 1:10 dilution of Asahi
Gold Particle solution AGP-HA20 to test
Planova 20N — and the correct filtrate
sample (minimum volume collected for
measuring absorbance) to calculate the
gold-particle removal rate as a
logarithmic reduction value (LRV).
That rate is determined as in Equation
1, where
* A526, ., = absorbance of the 1:10
dilution of AGP-HA20 solution at 526 nm
* A526yp: fiirate = absorbance of the
filtrate sample at 526 nm
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* Apyp = absorbance of 0.25% PVP
(polyvinyl pyrrolidone) solution in AGP-
HA20 solution at 526 nm

+ A, = absorbance of water for
injection (WFI) at 526 nm (baseline
correction).

According to vendor
recommendations, the required postuse
integrity passing criterion for Planova
20N GPT is a gold-particle removal rate of
@, > 1.40. For this study, the passing
criterion was set as ¢, > 1.69. Because the
value for Ay typically is close to O
(0.000 or 0.001) (2), we did not include it
in our analyses below.

Slope Technique Using Variable-
Pathlength UV-Vis Spectroscopy: Nearly
all traditional ultraviolet-visual (UV-vis)
spectroscopic methodologies currently
rely on standard fixed-pathlength UV-vis
absorbance readings. Several issues can
arise from using that method based on
the need for careful sample handling and
preparation. One critical task is creating
the dilutions needed for bringing
samples into the linear range of an
instrument’s calibration. Errors
introduced when performing those
dilutions can affect optical density (OD)
readings and calculated sample
concentrations significantly. In some
cases, assay error can be greater than the
acceptable range of variance from a
target value, which would call into
question the validity of the method itself.

Unlike traditional UV-vis methods
that rely on a single absolute absorbance
value, slope-spectroscopy methods use
section data at the wavelength of
interest (absorbance/pathlength) to
determine a slope value for quantitation
of sample concentration using the slope-
spectroscopy equation (m = ec), which is
derived from the Beer-Lambert Law.
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Figure 1: Mechanism of variable-
pathlength UV-vis technology; / = the
distance between the tip of the light-
delivering fibrette and the inside bottom
of the sample vessel

——» Fibrette

Sample
Vessel

«—— Detector

Table 1: Qualification criteria for stock
gold-particle test GPT solution (1:10 AGP-
HA20) (3)

A52§ A530/A52_(l
0.900-1.200  0.985-1.025

Acceptance
Range

The Beer-Lambert Law is expressed as
A=axlxc

where A is measured absorbance, a is

wavelength-dependent molar-absorption

coefficient, I is pathlength, and c is

sample concentration.

The SoloVPE instrument from C
Technologies Inc. (Repligen) enables
users to measure the absorbance of a
sample quickly at different pathlengths.
During SoloVPE operation, the
pathlength [ is defined by the distance
between the tip of a light-delivering
fibrette and the inside bottom of the
sample vessel (Figure 1). The pathlength
is controlled dynamically through
precise movement of the fibrette up and
down in the sample, which is



accomplished by integrated hardware
and software. Variable-pathlength
technology allows samples with a wide
range of concentrations to be measured
directly, usually without further
handling requirements (e.g., sample
dilution/concentration) or baseline
correction. The SoloVPE instrument
precisely controls pathlength changes
with a resolution of 5 pm. That can be
verified readily by examining the

strength of correlation on regressed-
wavelength cross-section plots. R? (the
linear regression coefficient) values
close to one confirm that the absorbance
values are changing proportionally with
pathlength in accordance with the Beer—
Lambert Law.

MATERIALS AND METHODS
Materials: Our data were generated by
a SoloVPE instrument installed on an

Equations
Equation 1
A526
Gold particle removal rate ¢, = log, -
A526vy filtrate A}va - Aw
Equation 2
Dilution Factor x A, Average of Diluted Sample
Recovery = - x 100%
A, Average of Stock Solution
Equation 3
A526, ~ 0.900 (lower acceptance limit)
®, = IOgm =lo 10 - >1.69
A526vv filtrate Aw (A526 - AW) maximum

VF filtrate

Table 2: GPT solutions tested with the SoloVPE instrument

GPT Solution Dilution Ratio*

Preparations

Number of Measurements for Each Solution

1:10 (stock GPT solution) 3
1:100 3

1:250 3

1:500 3

1:1000 3

* Diluted with sodium-dodecyl sulfate (SDS)

Triplicate
Triplicate
Triplicate
Triplicate

Triplicate

Table 3: Qualification results of stock GPT solution (1:10); each absorbance value is the

average of triplicate readings.

Stock GPT Solution Acre Acsg Acop Agzo/Acy Pass or Fail
1:10 — Prep 1 1.054 1.054 1.067 0.988 Pass
1:10 — Prep 2 1.048 1.057 1.066 0.992 Pass
1:10 — Prep 3 1.054 1.058 1.067 0.991 Pass

Acceptance Range 0.900-1.200 N/A N/A 0.985-1.025

Table 4: SoloVPE A, results for GPT dilution series; RSD = relative standard deviation

Solution Number Run1 Run 2 Run 3 Average Recovery RSD
1:100 — Prep 1 0.109 0.116 0.109 0.112 106% 103% 3%
1:100 — Prep 2 0.109 0.106 0.108 0.108 103%

1:100 — Prep 3 0.106 0.106 0.106 0.106 100%

1:250 — Prep 1 0.045 0.044 0.044 0.044 104% 103% 3%
1:250 — Prep 2 0.043 0.043 0.041 0.042 101%

1:250 — Prep 3 0.045 0.044 0.044 0.044 105%

1:500 — Prep 1 0.022 0.023 0.023 0.023 107% 104% 4%
1:500 — Prep 2 0.021 0.020 0.021 0.021 100%

1:500 — Prep 3 0.024 0.021 0.021 0.022 105%
1:1,000 — Prep 1 0.009 0.01 0.012 0.0M 100% 101% 7%

1:1,000 — Prep 2 0.012 0.011 0.011 0.012 109%

1:1,000 — Prep 3 0.009 0.010 0.010 0.009 94%
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Agilent Cary 60 UV-vis
spectrophotometer. C Technologies
supplies three sizes of fused-silica
sample vessels (cuvettes) — large

(2 mL), small (200 pL), and micro
(100 pL) — to accommodate different
sample concentrations. The required
sample volume is inversely related to
the expected sample concentration.
According to the Beer-Lambert Law
(A =axIxc), less-concentrated
samples require longer pathlengths to
obtain a given absorbance (3) and,
hence, larger sample volumes. In this
GPT filter-integrity application, and
considering the trace concentration of
potential gold nanoparticles in the
viral filtrate, we used large fused-
silica vessels (2 mL) for all
measurements. GPT solutions came
from Asahi Kasei Bioprocess in the
form of an AGP-HA20 kit.

Methods: We prepared gold-
nanoparticle solutions and measured
their absorbance as follows (3):

* Preparation of stock GPT solution
(1:10 dilution of AGP-HA20) using
freshly prepared 0.27% (w/v) sodium-
dodecyl sulfate (SDS) reagent

+ Measurement of stock GPT solutions
prepared by filling a large cuvette to
2 mL (with a new fibrette and clean
cuvette used for each sample
measurement)

* Measurement of stock GPT solutions
at 526, 520, and 530 nm using the
SoloVPE instrument’s “quick-slope”
mode

* Stock GPT solution checked to
ensure that it met qualification criteria
listed in Table 1 before executing the
remaining experiments.

Slope (Abs/mm) reported from the
SoloVPE scan was multiplied by 10 so
that it would be reported in Abs/cm and
labeled as absorbance slope A at a
certain wavelength (e.g., A,,¢).

WFI absorbance subtraction was
performed for all reported Aszo’ A
and A, , values of the stock GPT
solution.

526°

RESULTS

Qualification of Stock GPT Solution: Table
3 lists SoloVPE absorbance results for
three stock GPT solutions. All three
preparations passed the vendor’s
recommended acceptance criteria.



Figure 2: Linear fit model of Ag, and GPT dilution ratio
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Table 5: Comparison of Ag,. of GPT solutions using different SoloVPE equipment;

RSD = relative standard deviation

Dilution Solution Run1 Run2 Run3 Ag,q Average  Recovery RSD
1:10 — Lab 1 1.054 1.048 1.054 1.052 100% 0%
1:10 — Lab 2 1.087 1.085 1.088 1.087 100% 0%
1:10 — Lab 3 1.116 1.115 1.115 1.116 100% 0%

1:500 — Lab 1 0.023 0.021 0.022 0.022 105% 5%
1:500 — Lab 2 0.022 0.022 0.022 0.022 101% 0%
1:500 — Lab 3 0.022 0.023 0.023 0.023 103% 3%
1:1,000 — Lab 1 0.011  0.011 0.010 0.01 105% 5%
1:1,000 — Lab 2 0.011  0.011 0.008 0.010 92% 17%
1:1,000 — Lab 3 0.011  0.011 0.011 0.01 99% 0%

A, of GPT Diluted Solutions: We
calculated recovery by Equation 2 to
estimate the amount of gold
nanoparticles in the solutions (1:100,
1:250, 1:500, 1:1,000 preparations)
recovered from the initial stock solution
(1:10 preparation). As Table 4 shows,
A, recovery for each preparation of
diluted GPT solution fell within +10% of
the corresponding stock GPT solution
(average of the three preparations at
1:10 dilution, Table 3), assuming that
the recovery for the stock solution was
100%. Those results indicate that even
at a 1:1,000 dilution, the A, value still
reflected an absorbance signal rather
than background noise. Moreover, the
relative standard deviation (RSD) of the
samples — defined as the ratio of the
samples’ standard deviation to the mean
— was <10% among three preparations
for each dilution ratio.

Range of Linearity and Limit of
Detection: Using the Table 4 results, we
established a linear-fit model between
Ay and the GPT dilution ratio using JMP
13 software (Figure 2). Four GPT dilution
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ratios (1:1,000, 1:500, 1:250, and 1:100)
were plotted against their corresponding
A, values. For each dilution ratio,
average A, results are shown for each
preparation (triplicate readings).

We established a linear-fit model
between A, and the dilution ratio with
a linear-regression coefficient R?
adjusted value of 0.999 for dilutions
ranging from 1:100 to 1:1,000 (0.01-0.1
A526). According to the GPT integrity test
document, the pass—fail A, level for a
filtered GPT solution is 0.018 (2). This
absorbance fell within the linear range
of the SoloVPE instrument.

To confirm that measurements at
this level (0.01 A, ) would be
quantitatively meaningful, we assessed
the accuracy and precision of
absorbance measurements at the low
end of the linearity range. Determining
the limit of detection (LoD) is important
for trending analysis of filter-integrity
test results. We assessed this accuracy
based on calculated recoveries at each
dilution level (based on the linear
regression equation) as well as on the
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precision of independent replicate
measurements. The accuracy of
individual measurements is within
+10%, and the precision (based on RSD
of three replicate measurements) was
<10% — which collectively indicates that
measurements at this level can be
determined reliably.

Demonstrating Interassay Precision
from Different SoloVPE Instruments:
SoloVPE measurements have no
potential for error of dilution or
concentration. Such errors are inherent
to traditional 4,4, measurements,
requiring test solutions to be adjusted to
concentrations that fall within the linear
range of absorbance. At high absorbance
values, SoloVPE measurements can be
performed without background
correction or sample dilution. The linear
range measured for dilute solutions
spans the lower range of the SoloVPE
instrument linearity, which requires
measurement using the maximum
pathlength and background correction
(using WFI in this study). In addition to
the potential for a lack of linearity in
this range, differences in the flowpath
length and diameter between
instruments could create differences in
response and thus cause a bias in
accuracy between separate instruments.

To assess the variability of response
and reproducibility among SoloVPE
instruments, we used three separate
laboratories to perform similar A,
measurements using the same GPT
solutions measured above. Different
analysts used the instruments without
specific preparation or calibration, with
the same preparations of GPT solution.
Table 5 lists their results together with
A, readings acquired from our own
laboratory SoloVPE instrument (Lab 1).
All A slope readings display values
with the WFI background subtracted.

For all three SoloVPE instruments
tested at different laboratories, the A,
values were closely comparable for GPT
solutions at 1:10, 1:500, and 1:1,000
dilution ratios, indicating strong assay
repetitiveness and robustness. No
significant absorbance bias was observed
for different SoloVPE instruments
measuring the above series of diluted GPT
solutions. One comparison instrument
(Lab 2) did show reduced precision (17%
RSD) compared to the others; however,



that probably is the result of noise at the
limit of quantitation (LoQ).

GPT Integrity Testing: According to
the viral-filter vendor’s recommendation
and our own company’s internal process
control strategy, the criterion for a filter
to pass the GPT integrity test after viral
filtration is to have a gold-particle
removal rate of ¢, > 1.69. The lowest
A, slope of stock GPT solution (1:10
dilution) to pass the recommended
vendor’s acceptance limit is 0.900
(Table 1). So the worst-case maximum
A, of VF filtrate to pass this criterion
is calculated to be 0.018 according to
the derivation in Equation 3.

Based on the results presented above,
the LoQ of SoloVPE instruments to
measure absorbance of GPT solutions is
determined to be < 0.010 4, , which is
lower than the worst-case pass—fail A,
criterion for the VT filtrate (0.018 A,,).
Therefore, our results demonstrate that
the instrument can determine GPT
solution absorbance accurately at the
level required to support GPT integrity
testing of Planova filters.

DISCUSSION

GPT is used to determine the integrity of
Planova cellulose filters after viral
filtration in biopharmaceutical
downstream processing. The postuse
gold-particle removal rate (¢,) is set to be
»>1.69 at our company for a filter to pass
the postuse filter-integrity test.

We evaluated the use of SoloVPE
instruments for gold-particle testing to
establish which GPT dilutions fall within
the linear range of the instrument and to
demonstrate the robustness of the
method across multiple instruments. We
established that a series of diluted GPT
solutions from 1:100 down to 1:1,000
fall within the instrument’s linear
range, establishing a linearity-fit model
between A, and dilution ratio of GPT
solutions with a linear regression
coefficient R? adjusted value of 0.999.
The instrument can measure absorbance
at the 1:1,000 dilution level with
sufficient accuracy (within +10% of its
calculated value) and precision (<10%
RSD for triplicate measurements).
Determination by SoloVPE was robust as
well, with no significant bias among
instruments tested in three different
laboratories.

Figure 3: Demonstration of GPT analytical significance in CGMP manufacturing
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® Typical postfiltration
result (at or below LoQ)

The typical absorbance range
observed for GPT solutions after
filtration through postuse Planova
filters in our GMP manufacturing
facility is <0.010 A, 4. Even though all
values fall below the pass—fail
absorbance criterion (0.018 A526), the
trending of GPT results can be a useful
measure of process consistency. Shifts
or trends in the absorbance of filtered
solutions could correlate to process
deviations. Moreover, an upward trend
in absorbance can indicate a change in
filter quality, and a downward trend
could indicate a loss of assay sensitivity.
Figure 3 shows a theoretical trend of
GPT test results, including the pass—fail
limit (0.018 A.,) and LoQ (0.010 A.,)
that establish the levels outside which
shifts or trends in absorbance would be
considered significant.

Although the dilution factor required
for determining filter integrity is higher
than 1:1,000, absorbances observed for
GPT solutions during the filter-integrity
test typically fell within that low
absorbance range. Determination of the
linear range and LoQ was useful for
trending analysis of this process
operation’s consistency. The quantitation
limit identifies the level above which
differences in absorbance readings
represent real differences in filter-test
results. Our results demonstrate that
SoloVPE instruments can determine GPT
solution absorbance accurately at the
levels required to support decision
making for postuse integrity testing of
Planova 20N filters.

The liner range and limit of
quantitation (0.01 AU) for this method
with Planova 20N filters could be
extended to use with 15N and 35N
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® Result above limit
(indicating filter failing
the gold-particle test)

@ Shift in trend (indicates a
potential process or assay
excursion)

Planova filters, which require a larger
postuse gold particle test removal rate.
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