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Abstract of Thesis

Chapter 1: General Introduction

The filling process is an important part of the downstream processes involved in manufacturing cell-based
products, including human-induced pluripotent stem cell (hiPSC) based products. Designing the filling
process for hiPSC products considering the challenges of cell manufacturability requires evaluation of process
instability. Since analyzing biological attributes for process stability with conventional statistical process
control (SPC) is not recommended due to the limitations of parametric techniques, this study focuses on
developing quality indices and a nonparametric analysis algorithm for the hiPSC filling process. The thesis aims
to evaluate process instability and implement stabilization strategies for improving the filling process during
scale-up. Chapter two focuses on defining quality indices for the output of the filling process designed for hiPSC
products. In this chapter, three quality indices are proposed, which measure the physical and biological
attributes of the output. Chapter three begins with the calibration method for the filling equipment and the
development of an algorithm for analyzing process instability. The algorithm detects outliers in the quality
index measurements and classifies process instability as fluctuations within a batch and variations between
batches. It quantifies process instability as the difference between the standard coefficient of variation (CV) and
CV for stability to get CV for instability.

Chapter 2: Defining quality indices for the hiPSC filling process

This chapter defined quality indices, namely V/V+, D/D+, and P/P+, for quantifying the quality attributes of the
output from a filling process and observed the trends of these indices as a result of interactions between the
input material and the process parameters. The quality index V/V+ measures the fill volume in each vial from
a batch. D/D+ measures the particle density within each filled vial when a suspension is used as the input
material. /P~ measures the biological attributes when a cell suspension is used as the input material for the
filling process. It is derived as a product of previously defined viability indices. The yield (¥) for the process was
defined as the product of the above-mentioned quality indices based on the nature of the input material to
understand process stability. After observing the trends of quality indices, it was determined that the mixing
operation is an essential part of the filling process to maintain output homogeneity when a suspension was used
as the input material. It was also determined that the mixing operation affects the fill volume of the final vials
filled in a batch. The biological quality index had higher differences between samples of the same batch and saw
considerable degradation after filing. Strategies such as the filling process at 4 ° C were implemented based on
previous studies to mitigate the degradation of the biological attribute.

Chapter 3: Analysis of fluctuation within batch and variation between batches

In this chapter, an analysis method that utilizes a nonparametric, unsupervised outlier detection algorithm
(Isolation Forest) to quantify stability and instability in a filling process was developed. Initially, a new method
for establishing the threshold of outlier classification for quality index measurements was developed. After
establishing the threshold of outlier classification for each quality index, fluctuation and variation between
batches for each of those quality indices were quantified and compared. The quantification was done with CV
stability (8 and CV for instability (§) derived after analysis with the algorithm. Initially, filling order-
dependent fluctuations were analyzed for the three quality indices. V/V+ had order-dependent fluctuations for
vials towards the end of each batch. Order-dependent fluctuations for D/D+ were only observed for the filling
process without mixing operation. hIPSC suspension was always filled with mixing operation to avoid

heterogeneity in the output that may affect the viability and proliferation assays. Five batches were analyzed




for quantifying fluctuations within batches, and ten were analyzed for determining variation between batches.
Based on this assessment, the filling process stability for different types of input materials was compared. It
was shown that the filling process was more stable for the physical quality indices. If not, it could be made more
stable by introducing operations like mixing during the filling process. Cell potential (P/P+) after the filling
process fluctuates more than physical quality indices even after implementing some improvement strategy.
Chapter 4: General conclusion and future perspectives

Process instability was quantified after defining quality indices for the output of the filling process and
analyzing fluctuations within a batch and variation between batches using an algorithm that utilizes
nonparametric statistical techniques. Furthermore, process improvement strategies were implemented based
on this analysis. However, further investigations must be done to mitigate the fluctuations observed in cell
potential, possibly from mechanical stress due to mixing operation. This approach can be implemented while

designing a filling process for hiPSC and similar cell-based products.
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AFICCIE, B PATLZREMEME (hiPSC) OMifEIE 51T 2 S T C O TRFFIEFIMN 21T 5 BRI, FEIEREE.
TRELENE « NEEMEOBLARIN D FEfRmEIRREL TV D,

1=, T TRIE, hiPSC Bl A 5T, Hila— 2O ERIEIZEbL A TR ITBROBEE—HThd I L &R
L. Mg SEE & 95 32 & LT hiPSC D TR 2% ET 51213, TRORLEMELZFMET 2 L ENH D
TEERLTVD, HEROFE LREHIC L 5 TROZEMRICET 2 EMFNRBIEDGHTIX, /XF A MY v 7 FEO
FRA 2 BHELE S 70\ 8d | ARAFSETIL, hiPSC I TROEIEE L / /3T A N v 737 0= U X ADBFIC
ERAEY T, 7o RAOREENEZTHMI L, A7 —A 7T v THOFE S 0¥ R 2 W 5 12D DR ELERNE % £ 5
ZEERLTWND,

% 2 BT, hiPSC LS ARG SN K7 m v A D) Th 2B T OEYEMNEEZ LT 3 SO ME R
FREZEL TS, 22T, 3OOHEE LTEL, EREAL TLORREELE (MM WERE) VIV, EFREASALT
IVNORLT-HEE R (B METEIE) DID*E LT\, R T F 70Tl OB & S A ELE L TERT 2354,
BEBRIEL., AEYOEEEZHERFT AT DICKETRE TR R 2BIETHD LI TW\Wa, o, IBEHRE
I, BB TR SN DEE, REICHI SN TAOFTENR, RELEDGTHZ LIZOVWTHLAIZL TS, &
HIZ, PIP*IE, RIUAY FOF U TAMTEIBRREL, MLkt bbs a2 R L TW5, ZOEMFREOSHLE
BT D 72012, FEATHFIFRICHE SO T ACTORBE TR EOBIBRIRESI N TV 5D,

3 ETIE, REEEOXR Y Y T L—ya ke, ot A0RENERLEEES T TONTE 70T XA
FREL WD, 2T Y AL, WEEENEMBONMVEZBIE L, TRORZEME & EELSIMEE (CV) &
ZEMECV OEL LTERILL, REEMECV 2RDTNWD, Friz, EEILT IO, /372 M) v 7 THEM
LSkt 7102 ) X4 (Isolation Forest) ZFIH L7=S#r REABERE L TWS, SERENEICEIT D45
HOBMEWSNIT 2720 0H LW HIEZRE L, FMEBIEIC OV TOMUESEOBMEZHE Lk, &g R
WTAy FRIOEE LT & 2R L, L TWD, ZOREER, VIV L TE, FEEBEORKD A TV
T, REEL 2D L0, BRI L 5 DID*OREMER FIZOW TR LTS, S 510, EWIIISEED PIP*IC %t L TIL.
WERR S ERRIEOEB L ) RESBERIZE D Z ENRINTWVWA,

FAETIE, LROEREEE X, SBROEBIZOWTIRA, AT 7 —F ik, hiPSC CEPLOMnELEIZ1T 2 F
HTRAHRGTOBRICEMRTE S 2 L 2R LT D,

PlEo X o, AKimstid, & b iPSC BEDOFRIE TRIZIH W T, LREMEFTM AT O BoOFRAR T Ve —F 24EE L
TRV, FMOBWICHEHBERMRBEZEZ TS, Lo TARIIM LRI E LTMEDH 2 b D LB 5,
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