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Development of multiobjective process design method for quality and productivity
improvement in pharmaceutical manufacturing
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The aim of this research was to develop multiobjective design method of
pharmaceutical manufacturing processes for improving quality and productivity. The following three
points are the research outcomes. (1) Process improvement methods in injectable manufacturing
processes: the research presented methods for product loss reduction, materials management, and lead

time reduction. (2) Decision support method in the process design of injectable and solid drug
product manufacturing: the research presented methods for supporting selection of manufacturing
technologies and determination of process parameters. (3) Risk reduction method for Environment,
Health and Safety (EHS) risks in drug substance manufacturing: the research presented a method for
reducing EHS risks of large amount and various types of solvents. In most of the research, case
studies were performed in actual processes in order to show the effectiveness of the method.



—— 1
--0-- 2
—— 3
== 4
oo
ke 6
(Sa)
. 1
_ Good Manufacturing (10)
Practice GMP
&)
2
25
E 2.0
§ 15
1.0
0.5 4
0.0 ‘
0 334 1000 2000
VL]
2 ®
3 EHS
3 ©)
@ 3
&)
®
(Environment, Health
& Safety: EHS)
EHS 030
. Q 025 T
2 o
I~ L 0.20 %
@ ® s ||
() EL
& 2
AT T | I N
[+) 2 [2o | 9 Q Q ] =) 0.00 @
3
(©)




o

@

®

*

®

®

)

Keisho Yabuta, Masahiko Hirao,
Hirokazu Sugiyama “ Process model for
enhancing vyield in sterile drug
product manufacturing” Journal of
Pharmaceutical Innovation, accepted
for publication
Lukas Eberle,

Alexander Svensson,
Andreas Graser, Joerg Luemkemann,
Hirokazu Sugiyama, Rainer Schmidt,
Konrad Hungerbuehler “ Innovative
approach for identifying root causes
of glass defects in sterile drug
product manufacturing” , European
Journal of Pharmaceutical Sciences,
104, 162-170 (2017)

Haruku Shirahata, Masahiko Hirao,
Hirokazu Sugiyama “ Decision-support

method for the choice between
single-use and multi-use technologies
in sterile drug product
manufacturing” Journal of
Pharmaceutical Innovation, 12, 1-13
(2017)

Lukas Gallus Eberle, Elisabet Capén
Carcia, Hirokazu Sugiyama, Andreas
Graser, Rainer Schmidt, Konrad
Hungerbuehler “ Rigorous approach to
scheduling of sterile drug product

manufacturing” Computers and
Chemical Engineering, 94, 2, 221-234
(2016)

Lukas Gallus Eberle, Hirokazu

Sugiyama, Stavros Papadokonstantakis,
Andreas Graser, Rainer Schmidt,
Konrad Hungerbuehler * Data-driven
tiered procedure for enhancing yield
in drug product manufacturing”
Computers and Chemical Engineering,
87, 82-89 (2016)

Akiko Segawa, Satoshi Yoshikawa,
Takayuki Toyama, Hayao Nakanishi, Emi
Kikuchi-Uehara, Masahiko  Hirao,
Hirokazu Sugiyama “ Method for
reducing environmental, health, and
safety risks in active pharmaceutical
ingredient manufacturing based on
multiobjective evaluation” Process
Safety and Environmental Protection,
104, 304-313 (2016)

Takayuki lida, Kosuke Ota, Tomohito
Sasozaki, Hirokazu Sugiyama
“ Multiobjective design method for
the use processes of pharmaceutical
excipients considering quality and

®

®

(10)Hirokazu

¢y

@

®

Journal of
10,

cost-effectiveness”
Pharmaceutical Innovation,
313-323 (2015)

Takuya Miyano, Hiroshi Nakagawa,
Tomoyuki Watanabe, Hidemi Minami,
Hirokazu Sugiyama “ Operationalizing
maintenance of calibration models
based on near-infrared spectroscopy
by knowledge integration” Journal of
Pharmaceutical Innovation, 10,
287-301 (2015)

Gioele Casola, Satoshi
Hayao Nakanishi, Masahiko Hirao,
Hirokazu Sugiyama “ Systematic
retrofitting methodology for
pharmaceutical drug purification
processes”  Computers and Chemical
Engineering, 80, 177-188 (2015)
Sugiyama, Masaaki Ito,
Masahiko Hirao “ Planning method for
reducing product losses in
manufacturing sterile drug products”
Journal of Chemical Engineering of
Japan, 48, 848-855 (2015)

Yoshikawa,

Gioele Casola, Lukas Gallus Eberle,
Christian Siegmund, Markus Mattern,
Hirokazu Sugiyama “ Mid-term
scheduling model based on
state-task-network considering plant
specific constraints in
pharmaceutical manufacturing” In.
Zdravko Kravanja (Ed.): 26th European
Symposium on Computer Aided Process
Engineering, Elsevier, Computer Aided
Chemical  Engineering, 38, pp-
1141-1146 (2016)

Hirokazu Sugiyama, Akiko Segawa,
Satoshi Yoshikawa, Takayuki Toyama,
Hayao Nakanishi, Emi Kikuchi-Uehara,
Masahiko Hirao “ Multiobjective
retrofitting methodology for
manufacturing processes of active
pharmaceutical ingredients
considering environmental, health and
safety risks” In. Zdravko Kravanja
(Ed.): 26th European Symposium on
Computer Aided Process Engineering,
Elsevier, Computer Aided Chemical
Engineering, 38, pp. 79-84 (2016)
Hirokazu Sugiyama, Masaaki Ito,
Masahiko Hirao “ Process-based method
for reducing product losses in
pharmaceutical manufacturing” In. K.
V. Gernaey, J. K. Huusom & R. Gani
(Eds.): 12th International Symposium
on Process Systems Engineering and
25th European Symposium on Computer
Aided Process Engineering, Elsevier,




*

®

®

2

o

@

®

*

©) I

Computer Aided Chemical Engineering,
36, pp. 2189-2194 (2015)

Gioele Casola, Hirokazu Sugiyama,
Satoshi Yoshikawa, Hayao Nakanishi,
Masahiko Hirao “ Systematic
retrofitting methodology for
recrystallization of thermally
unstable active pharmaceutical
ingredients” In. K. V. Gernaey, J. K.
Huusom & R. Gani (Eds.): 12th
International Symposium on Process
Systems Engineering and 25th European
Symposium on Computer Aided Process
Engineering, Elsevier, Computer Aided

Chemical  Engineering, 36, pp-
2171-2176 (2015)

Lukas Gallus Eberle, Hirokazu
Sugiyama, Stavros Papadokonstantakis,
Andreas Graser, Rainer Schmidt,
Konrad Hungerbuehler, *“ Improving
pharmaceutical  batch  production

processes with data-based tiered

approach” In. K. V. Gernaey, J. K.
Huusom & R. Gani (Eds.): 12th
International Symposium on Process

Systems Engineering and 25th European
Symposium on Computer Aided Process
Engineering, Elsevier, Computer Aided

Chemical  Engineering, 36, pp-
1967-1972 (2015)

Lukas Gallus Eberle, Elisabet
Capon-Garcia, Martin  Senninger,

Hirokazu Sugiyama, Andreas Graser,
Rainer Schmidt, Konrad Hungerbuehler
“ Optimal scheduling of liquid drug
product manufacturing” In. K. V.
Gernaey, J. K. Huusom & R. Gani (Eds.):
12th  International Symposium on
Process Systems Engineering and 25th
European Symposium on Computer Aided
Process Engineering, Elsevier,
Computer Aided Chemical Engineering,
36, 2033-2038 (2015)
2014

Pharma PSE " Pharm Tech Japan,
32, 2421-2426 (2016)

, 62, 450 (2016)

, 26, 65-68
(2016)

K , 66, 952-958 (2015)

Pharma

o

PSE "
, 40, 3-6 (2015)
& __ -
, 74, 305-311 (2014)
Kensaku Matsunami, Takuya Miyano,
Hiroaki Arai, Hiroshi Nakagawa,

@

®

*

®

®

Masahiko Hirao, Hirokazu Sugiyama
“ Design method for pharmaceutical
tablet production considering batch &
continuous technologies” , 7th
International Symposium on Design,
Operation and Control of Chemical
Processes (PSE Asia 2016), 2016/07/26,

Ito International Research Center,
Tokyo, Japan
Keisho Yabuta, Masahiko Hirao,

Hirokazu Sugiyama “ Process model of
sterile drug product manufacturing
for yield enhancement” , 7th
International Symposium on Design,
Operation and Control of Chemical
Processes (PSE Asia 2016), 2016/07/25,

Ito International Research Center,
Tokyo, Japan
Hirokazu Sugiyama “ Conducting

process systems engineering research
on pharmaceutical Manufacturing”
oral, 7th International Symposium on
Design, Operation and Control of
Chemical Processes (PSE Asia 2016),
2016/07/25, Ito International
Research Center, Tokyo, Japan
Haruku Shirahata, Masahiko Hirao,
Hirokazu Sugiyama “ Selection support
method of single-use vs. multi-use
technologies in sterile drug product
manufacturing” , 7th International
Symposium on Design, Operation and
Control of Chemical Processes (PSE

Asia 2016), 2016/07/25, Ito
International Research Center, Tokyo,
Japan

Masaaki Ito, Yasuyuki Yoshioka, Hayao
Nakanishi, Masahiko Hirao, Hirokazu
Sugiyama “ Product loss reduction in
batch manufacturing of sterile drug
products” , 7th International
Symposium on Design, Operation and
Control of Chemical Processes (PSE

Asia 2016), 2016/07/25, Ito
International Research Center, Tokyo,
Japan

Lukas Gallus Eberle, Hirokazu
Sugiyama, Stavros Papadokonstantakis,
Andreas Graser, Rainer Schmidt,
Konrad Hungerbuehler “ Hybrid



)

®

®

(10)Haruku Shirahata,

(11)Hirokazu

approach for improving drug product
manufacturing  efficiency” , 7th
International Symposium on Design,
Operation and Control of Chemical
Processes (PSE Asia 2016), 2016/07/25,
Ito International Research Center,
Tokyo, Japan
Gioele Casola, Christian Siegmund,
Markus Mattern, Hirokazu Sugiyama
“ Creating hybrid-model-based
simulation environment for sterile
drug product manufacturing” ,
2016/07/25, 7th International
Symposium on Design, Operation and
Control of Chemical Processes (PSE
Asia  2016), Ito International
Research Center, Tokyo, Japan
Hirokazu Sugiyama, Akiko Segawa,
Satoshi Yoshikawa, Takayuki Toyama,
Hayao Nakanishi, Emi Kikuchi-Uehara,
Masahiko Hirao “ Multiobjective
retrofitting methodology for
manufacturing processes of active
pharmaceutical ingredients
considering environmental, health and
safety risks” , 26th  European
Symposium on Computer Aided Process
Engineering (ESCAPE-26), 2016/06/15,
Grand Hotel Bernardin Congres Centre,
Portoroz, Slovenia

Gioele Casola, Lukas Gallus Eberle,
Christian Siegmund, Markus Mattern,

Hirokazu Sugiyama “ Mid-term
scheduling model based on
state-task-network considering plant
specific constraints in

pharmaceutical manufacturing” , 26th
European Symposium on Computer Aided
Process Engineering (ESCAPE-26),
2016/06/13, Grand Hotel Bernardin
Congres Centre, Portoroz, Slovenia
Masahiko Hirao,
Hirokazu Sugiyama “ Systems
engineering approaches for designing
pharmaceutical manufacturing
processes” , AIChE annual meeting
2015, 2015/11/13, Salt Palace
Convention Center, Salt Lake City,
Utah, U.S.A.

Sugivama “ The role of
modeling, simulation and optimization

approaches in the design of
pharmaceutical production
processes” , AIChE annual meeting
2015, 2015/11/12, Salt Palace
Convention Center, Salt Lake City,
Utah, U.S.A.

(12) Lukas  Eberle, Elisabet Capon,
Hirokazu Sugiyama, George Tien,
Andreas Graser, Rainer Schmidt,

Konrad  Hungerbuehler “ Modeling
liquid drug product manufacturing:
method and case study” , AIChE annual
meeting 2015, 2015/11/12, Marriott
Salt Lake City Downtown, Salt Lake
City, Utah, U.S.A.

(13)Gioele Casola, Satoshi Yoshikawa,
Hayao Nakanishi, Masahiko Hirao,
Hirokazu Sugiyama “ Systematic
retrofitting methodology for
pharmaceutical drug purification
processes” , 2015/11/12, 8-13

November 2015, Salt Palace Convention
Center, Salt Lake City, Utah, U.S_A.

(14)Lukas Eberle, Hirokazu Sugiyama,
Stavros Papadokonstantakis, Andreas
Graser, Rainer Schmidt, Konrad
Hungerbuehler “ Improving yield of
drug product manufacturing with
hybrid approach” , AIChE annual
meeting 2015, 2015/11/9, November

(15)Hirokazu

(16)Hirokazu Sugiyama,

(17)Gioele Casola,

5

@

2015, Salt Palace Convention Center,
Salt Lake City, Utah, U.S.A.
Sugiyama “ Systems
engineering approaches for designing
pharmaceutical manufacturing
processes” , invited, Pharma Process
Forum, 2015/10/28, October 2015,
Palau de Congressos, Barcelona, Spain
Masahiko Hirao
“ Process-based method for reducing
product losses in pharmaceutical
manufacturing” , 12th International
Symposium on Process Systems
Engineering and 25th  European
Symposium on Computer Aided Process
Engineering (PSE 2015 & ESCAPE-25),
2015/06/02, Bella Center, Copenhagen,
Denmark

Hirokazu Sugiyama,
Satoshi Yoshikawa, Hayao Nakanishi,

Masahiko Hirao “ Systematic
retrofitting methodology for
recrystallization of thermally
unstable active pharmaceutical
ingredients” , 12th International
Symposium on Process Systems
Engineering and 25th  European

Symposium on Computer Aided Process
Engineering (PSE 2015 & ESCAPE-25),
2015/06/03, Bella Center, Copenhagen,
Denmark

2015 2 2014 3

2017/03/09, 16



&) . . ,

” ’ 82 ’
2017/03/08,
) I
82 , 2017/03/07,
(4) ’ ’ ’
“ Monte Carlo
iPS
", 82
, 2017/03/07,
®) , , .
82 , 2017/03/06,
(©) , "
” I 82 ’
2017/03/06,
(7) ’ ’ ’
” ’ 82 ’
2017/03/06,
(8) Zeberli Anicia*, Casola Gioele,

Siegmund Christian, Mattern Markus,

Sugiyama Hirokazu “ Application of

computational fluid dynamics for

equipment  redesign in sterile

manufacturing of biopharmaceuticals” ,
82 , 2017/03/06,

®__°

2016/12/09

(10) . . .

22
, 2016/12/08,

(11)Casola Gioele, Siegmund Christian,
Mattern Markus, Sugiyama Hirokazu
“ Biopharmaceutical process
optimization: needs and benefits of
numerical simulation approaches” ,

22
, 2016/12/08,
. 48 , 2016/ 9
6 -8 ,
, 5
e 2016 ISPE , 2016
4 14 -15 ,
1
. 81 , 2016 3 13
-15 ,
3
. 47 , 2005 9 9 -11
2
e 2015 ISPE , 2015
4 16 -17 ,
1
. 80 , 2015 3 19
-21
, 6
. 46 , 2014 9
17 -19
, 1
e 2014 ISPE , 2014
4 10 -11 , ,
1
w__ -
, , ISBN
978-4-7813-1046-0, pp. 265-273 (2015)
@ o
, ISBN 978-4-86428-146-1,
pp- 337-359 (2016)
@
Sugiyama Hirokazu
70701340
@
©)
*
Konrad Hungerbuehler
ETH Zurich



