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Introduction

Biological drugs are produced using a complex bioprocess which results in structural
heterogeneity. Biosimilars target multivariate target profile.

ools Selected Clones e Final Process Scale-up Production
pool =.’ 2 o®, clone  Development
NI livariate target(QA1, QA2, QA3, ....)
@ 1 '\\\. ‘- o HENN -
'/ p ® = ,/'
E ° e /
1,’, : ;’/.
® e PC,
& < Target
A LB

e
o
sd 2

QA = f(raw materials, process parameters, formulation, conditions,...)

) NOVARTIS



Higher order structure

Biological drugs

Large (mixture of related molecules)

Size
High molecular weight
Safety/ 2 2
immuno- Structure Complex (heterogeneoqs), defined
. by the exact manufacturing process
genicity
Modification Many options

Produced in living cell culture

Difficult to control from starting

Manufacturing material to final API

Impossible to ensure identical copy

Very difficult to completely
Characterisation characterize due to molecular
composition and heterogenicity

Unstable, sensitive to external

Stability conditions

Immunogenicity Could be immunogenic

Ref: http://www.gabionline.net/Biosimilars/Research/Small-molecule-versus-biological-drugs;
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NMR fingerprinting experiments

NMR experiment Advantages Disadvantages
'H spectra Fast, simple Overlapping signals, non-selective
towards excipients
H-"TH NOESY Higher resolution than 1D experiments, Overlapping signals, non-selective
through space dipolar interaction towards excipients, complex analysis
TH-15N gsHSQC Smaller number of signals / better Low sensitivity for non-labeled samples
(US/NUS) dispersion than NOESY (0.37% nat. occuring®N isotope)
TH-13C gsHSQC Smaller number of signals / better Low sensitivity for non-labeled samples
(US/NUS) dispersion than NOESY, works well for large (1.11% nat. occuring’3C isotope), only
proteins 6 residues have methyl groups
TH-13C-(sf)]HMQC Smaller number of signals / better Low sensitivity for non-labeled samples
dispersion than NOESY, works well for large
proteins
1H NMR spectrum > .:._g._'.-._
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Trlcks to iIncrease S/N.:
Temperature (45-50°C)
« Optimize concentration
» Digestion
» CHj relaxation
o 3-fold symetry
o Fast rotation around the C-C bond
« Ernst Angle: SOFAST HMQC, BEST-HSQC
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* non-uniform sampling

partial sampling of points in the indirect
dimension(s) (triangular, spiral, Poisson
Gap, and Burst sampling)

Poisson gap/sine

J. Hoch: The ABC of NUS SOFAST: band-Selective Optimized Flip-Angle Short-

. Transient
P.Schieder, 2009 BEST: Band-selective Excitation Short-Transient
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NMR methyl fingerprint method of an intact
MADb and fragments at natural isotopic

abundance

Intact NISTmADb
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NMR comparability

Similarity
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Computational methods for comparison
of NMR fingerprints:

* 1D/amide/methyl fingerprint spectra overlays

* Principal component analysis

* CCSD (combined chemical shift difference)

* t-test analogue for chemical shift quantitation

* Normalized distances

* Peak shift difference- population analysis

* linear regression analysis of binned NMR spectra

* Image analys by spectral subtraction

* Graph invariant sequential nearest neigbours (SNN-GI)

* Tucker3
* Hieararchical clustering
Ref.:
Japelj, B. et al Sci Rep. 6, 32201 (2016) PCA, corr., Image analysis, norm. dist., HCA, t-test an.
Brinson RG, et al. MAbs. 11(1):94-105 (2019) CCSD, PCA
Ghasriani, H. et al Nat. biotechnol. 34, 139-141 (2016) CCSD, PCA
Amezcua, C. Et al. J. Pharm. Sci. 102, 1724-1733 (2013) Linear regression on binned NMR spectra — ECHOS-NMR
Chen, K. Et al. AAPS PharmSciTech, Vol. 19, No. 3, April PCA, GI-SNN, Tucker3
2018 (2017)
Zuperl, S et al J. Chem. Inf. Model. 47, 737-743 (2007). GI-SNN Noesy spectra
Arbogast, L. Et al Anal Chem 89, 11839-11845 (2017) Linear correlation, PCA
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Similarity metrics overview

Spectral overlays I

_Principal components | | CCSD |

pH4 4 formulation @ pH 40 formulation @) pH 30 formulition

Normalized distances I
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Peak shift differences
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Comparison should be performed
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NMR method sensitivity: pH effect
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t-test analogue for chemical shift
quantitation

Number of significantly

shifted peaks
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mbined chemical shift difference
( SD)
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Ghasriani, H. et al Nat. biotechnol. 34, 139-141 (2016)
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Image difference analysis
Subtraction of G-CSF tH-1°N HSQC spectra
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Image difference analysis
Subtraction of rituximab NOESY spectra

NOESY spectrum of full sized Sandoz biosimilar rituximab
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High troughput 1D NMR workflow for
stability screening

Formulation screening: pH, NaCl, Stabilizers, Buffers

19
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Conclusions

* NMR is a powerful method to compare protein HOS

* can detect conformational changes, changes in
formulation, stability changes (PTMs), sequence variants,
glycosylation

* methods available for small and large proteins: 'H-13C
gsHSQC (methyl), "H-"SN HSQC (amide) fingerprints +
rapid pulsing + NUS

* chemometrics/computational methods available to
compare and evaluate differences between NMR spectra
for global and peak-to-peak comparison
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