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A Calculations of Molecular Cross-sections and Absorption Coefficients

Equation 5 from Singh et al. [147] was used to convert molar absorption coefficients €014, in

Lmol~!cm~! to molecular cross- sections o in cm? Molecule™!.

o _ € lar
_~ _ _—3893.10 24 ___"—motar
cm? 382310 Lmol~tem~1! (7)

The molar absorption coefficient €,,,14, Was calculated from the absorption coefficient e

1

in Lg='em™! and the molar mass M in gmol~! according to Equation 8.

€
€molar = M (8)

A.1 Fluorescence

Trypthophan is the most dominant aromatic amino acid in the UV spectrum regarding the
absorption coefficient. It’s quantum yield is 0.13 [68]. This information was used to convert

the absorption coefficient at 280 nm to an emission coefficient.

A.2 MIR

Typically, mAbs consist mainly of 8-sheet secondary structure elements [148]. The extinc-
tion coefficient of C=O stretch in the amid I band at 1619cm™! for B-sheet structures is
980 L mol~! cm™1! [149], [150]. For the calculations, it was assumed, that mAbs have roughly

1500 peptide bonds.

A.3 NIR

NIR band intensities are much weaker than their corresponding MIR fundamentals by a factor

of 10 to 100 depending on the order of the overtone [52].

A.4 Raman

The Raman scatter cross-section was calculated from recorded data through comparision of
the amid I band with the scattering area of water. The Raman scatter cross-section of wa-
ter 5x 1073%cm~! and a molar concentration of water of 55.5molL~! were used for the

calculation [151].



A.5 Rayleigh scatter

11nm was used as hydrodynamic diameter of a standard antibody [152], [153]. The Rayleigh

scatter cross-section was calculated after Cox et al. [154].



B Analysis of mAb and Impurity Concentrations

This document gives an overview of how literature data was compiled to yield all the necessary
information for the concentration bar plot of mAbs and impurities.

B.1 Main product mAb

o Lower limit 1 g/L [1].

o Upper limit 200 g/L [2].

o The 25%, 50%, and 75% quantile of the mAb concentration in subcutaneous (sc) and
intravenous (iv) formulations was calculated from the CDER Billable Biologic Product
List [3].

import numpy as np

# mab concentrations v
quantiles_conc_mab_formulation_iv = {0.25: 10,

0.5: 20,

0.75: 25} # g/L
median_conc_mab_formulation_iv = quantiles_conc_mab_formulation_iv[0.5]

# mab concentrations sc
quantiles_conc_mab_formulation_sc = {0.25: 78.75,

0.5: 100,

0.75: 150} # g/L
median_conc_mab_formulation_sc = quantiles_conc_mab_formulation_sc[0.5]

# mab concentration range
conc _dict = {'mab': [1,200]}

B.2 Product-related impurities

According to Chon et al., the maximal concentrations of aggregates at the end of production
should typically be below 5% of the mAb concentration, given the median mAb concentration
of 20 g/L iv, this corresponds to 1 g/L [4]. Typical minimal concentrations are, however,
much lower. Aggregates are often quantified by SEC down to 1% of mAb concentration. 1% of
minimal mAb concentration corresponds to 0.01 g/L. In the case of a highly clipped/aggregating
mADb, concentrations of 10 g/L aggregate/fragments may be reached in an intermediate step.
Other product-related impurities, such as charge isoforms, misfolds, etc. may be interesting

to even lower concentrations. For example, Wang et al. reported detection levels of product
variants in the hinge region in the range of 0.3% to 6.2% [5]. The upper limit was chosen in
accordance to the reasoning for aggregates/fragments as 10 g/L.

conc_dict['product isoform'] = [0.003*conc_dict['mab'][0], O.

—,064*median_conc_mab_formulation_ iv]
conc_dict['aggregates'] = [0.001,10]

B.3 Process-related impurities
B.3.1 HCPs

According to Chon et al., the common industry specification is that HCP levels need to be re-
duced to below 100 ppm at the final stage of the process [4]. Based on the iv mAb concentration,



3]:

a median maximal HCP concentration can be calculated.

For typical maximal and minimal HCP concentrations in mAb DSP, literature data was used
[6], [7]. Of the used HCP concentrations, the median was calculated to get typical maximum

and minimum boundaries.

# Calculation of maximal occuring HCP concentrations

hcp_levels_high = np.array([864616, 151125, 103304, 153500,488854]1) # as,
~listed in references

median_hcp_high = np.median(hcp_levels_high)

conc_hcp_levels_high = median_hcp_high * conc_dict['mab'] [0]*1e-6

print('Median reported HCP levels at early process stage: \n{} g/L'.
—~format(conc_hcp_levels_high))

# Calculation of minimal occuring HCP concentrations

hcp_levels_low = np.array([4.7,3.2,8.5,18.1,5,12]) # as listed in references
median_hcp_low = np.median(hcp_levels_low)

conc_hcp_levels_low = median_hcp_low * median_conc_mab_formulation_iv * le-6

print('Median reported HCP levels at late process stage: \n{} g/L'.
—format (conc_hcp_levels_low))
conc_dict['hcp'] = [conc_hcp_levels_low, conc_hcp_levels_high]

Median reported HCP levels at early process stage:
0.1535 g/L

Median reported HCP levels at late process stage:
0.000135 g/L

B.3.2 DNA

For the DNA concentration, reference data was obtained for the allowed level per dose. To
convert the values to concentrations, the median iv mAb concentration as well as the median

dose (both optained from CDER report) were used. The World Health Organization (WHO)

has recommended that DNA levels in biological products produced by genetically modified
organisms in immortal cell lines be consistently reduced to levels below 10 ng/dose (while still

taking into account other factors) [8].

Estimated typical DNA content in HCCF range from 7900 ng/mg to 15000 ng/mg according

to Butler et al. [9].

mab_dose = 0.2
volume_dose = mab_dose / median_conc_mab_formulation_iv
max_allowed_dna = 10/(volume_dose) *10**-9

max_conc_dna = 15000*1le-6*conc_dict['mab'] [0]
conc_dict['dna'] = [max_allowed_dna, max_conc_dnal]
print('Max allowed DNA as concentration in formulated drug: {} ng/L'.

—format (round (max_allowed_dna*10%*9)))

print('Typical DNA concentration in HCCF: {} g/L'.format(max_conc_dna))

Max allowed DNA as concentration in formulated drug: 1000 ng/L
Typical DNA concentration in HCCF: 0.015 g/L
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