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ABSTRACT

Major global regulatory bodies such as the US Food and Drug Administration (FDA) have been
encouraging biopharmaceutical manufacturers to adopt the recent initiatives of quality by
design (QbD) in order to improve robustness of biotech processes and consistency in quality of
the resulting product. With the advent of QbD, model assisted process development and
optimization is gaining importance in the biopharmaceutical industry. Models assist in a more
efficient, systematic, and economical process development as they can efficiently investigate
design alternatives with minimal experimentation and in deriving complete process
understanding. Further, process analytical technology (PAT) which covers the process control
aspects of QbD, is gradually being implemented to achieve real time process control and
consistency in the quality of the final product. Different modeling approaches that have applied
in the biopharmaceutical industry can be classified into empirical models that are based on
design of experiments (DOE) and mechanistic models that are based on the underlying
fundamental processes of the system. Major expectations from a good model as desired by
industry include accurate prediction and feasibility with respect to implementation in an
industrial environment. This thesis documents modeling of different modes of chromatography
including Protein-A affinity chromatography, ion-exchange chromatography, ion-exchange
membrane chromatography, hydrophobic interaction chromatography using empirical and

mechanistic modeling based approaches.

Under empirical modeling cation exchange chromatography has been modeled for separation
of charge variants and aggregates and hydrophobic interaction chromatography for removal of
aggregates. Empirical modeling involved two major challenges, one being a large number of
process factors resulting in large number of experiments and another being large number of
output response variables making model evaluation difficult. In view of these challenges, we
propose a split DOE approach for reducing the number of experiments and for simplification

of model evaluation.

Further, Protein-A resin fouling has been empirically modeled. Protein-A resins constitute the
largest expense in downstream processing. Therefore, economic feasibility demands that the
resin be reused for 50 to 300 cycles before being discarded. Resin reuse is, however,
accompanied by resin fouling caused by deposition of foulants on the exterior and the interior
surfaces of the resin. Fouling impacts both binding as well as mass transfer characteristics of

the resin. We have proposed an empirical model for reliable prediction of performance of



Protein-A resin as well as for improved understanding of the underlying fouling mechanism

responsible for decline in resin performance during fouling.

Next mechanistic modeling of ion-exchange membrane chromatography has been performed
using a simplified form of general rate model obtained through the eliminations of film and
pore diffusions for prediction of breakthrough capacity of membrane adsorber. Selection of
appropriate adsorption isotherm to identify operating conditions that would result in high
binding capacities and appropriate binding kinetics in order to understand binding mechanisms

was also performed.

Finally mechanistic model for hydrophobic interaction chromatography (HIC) has been
performed using general rate model coupled with exponentially modified Langmuir adsorption
model to predict elution profiles of main mAb product and aggregate impurity. The developed
HIC mechanistic model has been applied as a PAT tool for making robust pooling decisions to

enable clearance of aggregates for a monoclonal antibody (mADb) therapeutic.



LSIRY

IANHT & Teg IR A9 g (vhsiv) S yHE AREs FarEe e
SR fAATAT3 @ e gfshansit i #Aee 3 aRomer 3eurg i fodawan
A FuUR & AU 35s (F1S)) @RI IOTacdr Sl gl 9gel I 3T & o
gicaTied X T &1 QbD & 3WHA & TTY, Al TEIAT Ired Ifshar faera 3iR
3eToholel STTGIATEY Che 3ehleT # Hged I X @1 g1 HAisel s FHerd,
cgafeyd 3R FRerrdr gfshar fasra d aerdr wtd § =ifs 3 sgofdd 56T &
ary f3siget fashodl &1 FAATA & ST H Tohd & IR QU Ifehar & dag A
e FT Hohd &1 3TP 3TaITaT, UThaT faavucasd dasiles (PAT) S QbD & wfshar
fATF0T TgeI3i T FaRk FIAT 8, I A 3cd1g AT IUTdcdT H aEdfds AT Yishar
=0T 3R TR Iod e & foT eR-eR o) foham o @1 81 arhAT Ao
3eeT # o] gl arel faffes Aisfoler efSeahivl ot qerasi=a Aisel # dfiehd
forar ST Thar § St 9ART & Bese (3131%) 3R I3ad Alsd W AR g &
St feeH &1 3affgd Hereqd 9fshamsit w 3memRd gid &1 3T &anT aifod Th
3T Alsel T FHE 9. A e ardeRor # wRicads & dae A Th
wfgsgamft 3R cgagEdar aifde &1 I Nfaw NEa-v edar sFcEmdT, 3ae-
TFEUST ShIHCIATHT, ITAA-TFHUST [Sloall ShIHCIITHh, BISSIthITaTh SCFlel ShIHCIIThT
afgd 3egerasied 3R T AlSTeaT MM TSIV &I ST Fleh SIATATHT
& Taffiest oIl & AlSTelar Al &1 IeqeTacied AISIAT & TEd HiCTA Tt
FPIACITAT H ol aRTe AR wheie & gugaor HR wibicd # gee & o
BISSIlTdeh STIRRIA SHIACIATH & [T IR fohar aram g1 3ieferaci=g Aisfolar # ar
vAE etfaar arffer off, v a8t dear # gfear #Re & s aRumEEawT 997
FEAT # YA §U 3R UH AR 9 FEA A 3m3eqe yfafhAr WA, S Alse
Hedichal T HiSeT §oll W Al o YAAIT & HAAoR, §F TN T T&AT AT HA
A 3R AlST Hedieel & TAHT & fw v fFenford Si3fg efehior & weaa
FIA &1 FHP IHld], WEA-T el BI3feler 1 3qefact=a & § AR fFar am gl
NEA-T IS SBALEH THEROT § JIH 98T T gl g1 safaT, 3 cgagryan
AGT A § & ToT A &AE F gged 50 & 300 wwhi & fAU geT: 3urer TR
ST Il Gof: 3T fohaT STl §, glefifen, STeT 3R el & AR Helgl T B3I
& STHT & HROT T B3 & T giar &1 B3foler Sl SIEgeRy & ar-ary
T & 92 A 9T AT RAJAVAr3id o gafad Har &1 g7 NET-T IS &
e T favawey #igsaamh & fav v ejsas=a Alsd & JedE fear § 3R
g & AT FETeT & el Il & Ul & FRmae & fov GeFAer safafea




FI3foleT dF Fr dgak TFHST & U] Na-Taadsl Bieel SiACIaTdr & 373Tell
HhfafEced FASfoier Bieel adsorber T THheldr &7AT & Hfasgaolt & fov fhea
3R ATheAT fdacer & AETHA H UItd WHEY & AlSeT & Wlelldhd &9 T 3urer
h fohar aram &1 aRemes Rufdat i ggdet Fe & AU 3ugEd W seieH
HT TAT S STEIRRT IThATHT I FASH & v ITg Sregey aqdqqrst 3R 3fa
1Ef3ar Fadem & gRome grem|

37T H BISSIDITh STIFAT HIACTATH (TUNTSHT) o ToIT IAacd HISel I FET MAD
3cdie AR el IYGAT & &Toled Aol i fasgamolt el & fov oy &9 @
TR Langmuir BGT AlSeT & 1T fAeH AT T ASAT &1 3YIT Floh
e fhar r g1 Aef@d Ta3msdr AT AlsT P Th Aldiddldd Teldar
(T Rfecda & far agea i #slr & v #Asgd gfdqr v o & fao
Teh 4T 3URIOT & &9 H 19 fohar a7 &
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