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FEATURE

Design of a Biotech Clinical Trial
Manufacturing Facility

By DAVID S. KAHN and
KENT H. KYBURZ

ey questions for any com-

pany planning to build

a new facility include

processes to be followed

for effective design, com-
missioning, and qualification. Pilot
plants need to be flexible, but as flex-
ibility increases, so does complexity
and cost. The scope of the new clinical
trial pilot plant for bioprocess opera-
tions at Eli Lilly and Company (K360)
was based on specific technology plat-
forms and extensive benchmarking.
Global regulatory issues had to be con-
sidered in the design as well because
the material it produces will be used
worldwide.

The K360 plant has the capabili-
ty to produce mammalian, bacterial,
and vyeast-based protein and peptide
products following typical processes for
growth in bioreactors. The protein or
peptide of interest is recovered following
fermentation and then purified in the
facility. The plant’s output is bulk active
pharmaceutical ingredient (API). This
material will be held and transported to
another facility for formulation.

The equipment was sized to allow
the production of material for Phase
I through Phase IIT clinical trials after
some modeling of capacity using
Batches software (Batch Process
Technologies, Inc., W. Lafayette,
Indiana, USA). In the past, we have
tailored our pilot facilities to meet the
needs of many processes that are unique
to each new molecule which has caused
our facilities to be large, complex, and
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Figure 1. Factors that influence design.

cumbersome to operate. The current
philosophy calls for designs according to
a defined process that allows for mini-
mal changes from the standard. Designs
based on development technology
platforms and aligned with regulatory
requirements have greatly simplified the
facility design as well as subsequent
commissioning and qualification.

The benefits of such a design are
lower cost, lower complexity, sim-
pler start-up (i.e., commissioning and
qualification), and ease of operation.
The facility is designed to be more
productive and remain compliant with
evolving good manufacturing practices
(GMP). The importance of processing
platforms that drive design are illus-
trated in Figure 1.

The technology platform on which the
design is based assumes the expression of
a soluble extracellular protein or peptide
in the fermentor or mammalian cell
culture (MCC) bioreactor. This facility

is designed primarily for the production
of monoclonal antibodies (MAbs). The
primary or harvest recovery operations
remove cell biomass and clarify the broth
prior to the purification steps (Figure 2).
Primary recovery typically includes cen-
trifugation followed by depth filtration
or microfiltration and a viral reduc-
tion step. Purification schemes typically
include three column chromatography
steps in addition to tangential flow fil-
tration (TFF), as described later; thus
purifying the molecule to an appropri-
ate level.

Once the cell bank is established
elsewhere, the genetically altered cells
will be grown in an inoculum lab and
transferred to production bioreactor
trains at up to 5,000 L scale. Harvest
material will be centrifuged and filtered
to provide clarified broth. Purification
will consist of up to three chromatog-
raphy steps and a final TFF to place the
material in an appropriate buffer for
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storage. The buffered protein will then
be held, awaiting release for the fill/finish
operations.

Design

The facility is designed for bulk API
manufacturing in support of Phase I, I,
and III clinical trials. Launch or other
commercial activities are currently not
planned; however, the facility design
does permit commercial-scale manufac-
turing. Yields from cell culture will need
to meet the appropriate phase-related
requirements. The benefits of this rigor
were straightforward equipment choices
resulting in a less complex facility.

Aligned with the described technol-
ogy platforms, the facility also reflected
the superposition of GMP, people, mate-
rials, product, equipment, and waste
flows. The basic design of the facility
provides a number of processing suites:
two cell culture suites; one microbial
suite; two primary recovery suites; two

purification suites; one buffer/media
make-up suite; and one raw material
dispensing suite. The equipment is fixed
where the process is most defined, such
as in cell culture and primary recovery.
The equipment is portable or disposable
where flexibility is required, such as in
purification.

The Lilly K360 biotech pilot manu-
facturing plant has a total floor space of
211,000 ft2. The basement and first floor
were built on site, and the second and
third floors are modular construction,
consisting of 192 modules. The base-
ment and first floor contain mechani-
cal and process utilities, locker rooms,
and office areas, as well as clean areas
for material dispensing and access to
the clean process areas located on the
second floor.

All processing takes place on the
second floor in eight suites. The pro-
cessing suites and equipment cleaning
areas are accessed by a perimeter supply
corridor which exits to a central return
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Figure 2. Recombinant protein processing.
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corridor to maintain unidirectional flow
of people, equipment, and material. The
processing areas are designed to pro-
vide flexibility and product segregation.
Each of the processing functions, such as
bioreactors, primary recovery, and puri-
fication, are located in separate suites
which allows segregation of air han-
dling systems and also clean-in-place
(CIP) systems. The third floor houses
the 23 air-handling units required to
maintain segregation, and provides high
bay space for vessels in the second floor
processing areas.

All processing suites, material dis-
pensing, and equipment cleaning areas
are classified 1SO 8. Supply and return
corridors and lobbies are monitored but
not classified. The three inoculation labs
are the highest classified rooms in the
building, at ISO 7.

The second floor houses eight pro-
cessing suites. The buffer/media make-
up suite consists of large volume and
small volume make-up areas. The large
volume make-up area has seven ves-
sels ranging from 100 L to 5,000 L.
The material made in these vessels can
be transferred through sterile filters to
the cell culture suites, transferred to
the purification suites, or transferred
into portable containers in the make-up
suite. The small volume make-up area
has hoods and a sterilizer and is primar-
ily used to make-up and sterile-filter
material for the inoculation labs.

Two cell culture suites provide capac-
ity for the generation of MCC-expressed
proteins. Each suite includes an inoc-
ulation laboratory, a bioreactor train
consisting of 50 L, 250 L, 1,000 L, and
5,000 L vessels, and a work-in-progress
(WIP) testing area. Material from the
cell culture suites is recovered in one of
the two primary recovery suites. Each
primary recovery suite includes two
5,000 L harvest hold vessels, a centrifuge,
a set of depth filters, and a chilled/ambi-
ent processing room for capture column
operations. The corresponding capac-
ity for microbial expression includes:
an inoculation laboratory; a fermentor
train consisting of a 300 L seed vessel
and 5,000 L fermentor; a 3,000 L feed
make-up vessel; a 3,000 L dextrose feed
vessel; and a WIP testing area. Microbial
fermentation material is recovered in



one of the primary recovery suites.

Downstream processing is provided
by two purification suites. Each includes
two ambient processing rooms and one
chilled processing room. These rooms
have several utility and CIP stations for
operating and cleaning portable puri-
fication equipment. In addition to the
processing suites on the second floor,
three equipment-cleaning areas are pro-
vided; one for each potential product
in the facility. The equipment-cleaning
areas include cabinet washers and steril-
izers, and also feature unidirectional
flow of equipment from the return to
supply corridors. A chilled/ambient
packing room for chromatography col-
umns, and support areas for bioburden
testing, filter integrity testing, and facil-
ity cleaning agent make-up are also on
the second floor.

The level of automation for the facil-
ity was achieved by balancing a number
of considerations. The key strategy sur-
rounding automation was balancing the
need for control with the challenge of
qualification and validation of the com-
puter system. Routine and non-prod-
uct-specific tasks had an increased level
of automation (CIP and steam-in-place
[SIP]) and non-routine and product-
specific tasks were less automated.

In contrast, the choice of Delta V
(Emerson Process Management, Austin
Texas, USA) for the control system was
much simpler. Lilly has an installed base
of Delta V, has generated standards,
and is gaining efficiency by repeated
use of the product. This area has been
highly automated because the MCC and
fermentation processes are well under-
stood, and control is consistent between
platforms. Less automation has been
used for purification operations, espe-
cially for toxicology and early-phase
work. As we get into Phase III cam-
paigns, the level of automation will be
increased.

Project Execution

Initial facility design (without puri-
fication areas) began in December of
2001 involving a US architecture and
engineering firm, Jacobs Engineering
Group (Indianapolis, Indiana, USA),
and a Swedish module manufacturer,
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Figure 3. K360 process and material flows.
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Pharmadule (Pharmadule Emtunga AB,
Nacka, Sweden). Jacobs had design, con-
struction, and qualification oversight of
the entire project. A major scope change
occurred in October 2002 to add purifi-
cation suites for downstream process-
ing. This allowed all of the bulk APIs
to be produced in a single facility but
obviously affected the building design
greatly. The choice was made to keep
the project moving forward and keep the
design teams that had been assembled
on the project intact. The original L-
shaped building became rectangular in
shape during intense redesign sessions
in Sweden. Much of the initial design
was maintained to allow reuse of the
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original building layout. This reduced
many of the possible delays and kept the
project near its original schedule.

Site construction in Indianapolis had
already begun in July 2002 and module
construction began in Sweden in March
2003. The Lilly user group committed
itself to ensure timely communication
between all parties during the design
and construction. Good communi-
cation was accomplished by traveling
often to Sweden to meet with design-
ers and review the construction. These
trips were usually one to two weeks in
duration and involved Lilly and Jacobs
engineers, as well as Lilly user personnel
representing operations, maintenance,
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quality, and safety. Traveling to keep the
lines of communication open between
all the teams was identified as a key to
success for this project.

The modules arrived in Indianapolis
between May and September 2004 and
then mechanical completion took place.
Commissioning and qualification was
completed in October 2006 (Figure 4).

Other than adding purification capa-
bilities to the building, limiting changes
to the scope has been essential to main-
taining a timeline. Thus, change was kept
in check, accomplished through several
means including a strategy review team
assembled from Lilly end-users, Lilly
user management, and corporate proj-
ect management to provide direction
to the design team. This team clearly
laid out the types of processes and steps
that would be required in the facil-
ity. The development organization then
designed processes that fit these require-
ments. This guidance also allowed the
design team to limit the amount of flex-
ibility required in the facility.

Another key to success for this proj-
ect was design qualification (DQ). The
International Society for Pharmaceutical
Engineering (ISPE) Baseline Guide
to Commissioning and Qualification
(Volume 5) served as guidance for this
project. This was the first major Lilly
project for which extensive design quali-
fication was done before equipment was
purchased. Documenting user require-
ments and testing moved many of the
equipment issues to much earlier in the
project than on past projects. Much

Figure 6. External perspective of the office and pilot-plant.

of the equipment documentation was
reviewed before the equipment was
ordered. Many problems were identi-
fied at this stage, instead of during
receipt verification or later qualification
activities.

Design qualification was initially seen
by many members of the project team
as a non-value adding activity. As the
project moved forward, the benefits of
this activity were seen daily. Meaningful
design qualification performed early in
the project reaped many rewards later
in the project. Design qualification helps
alleviate many equipment issues, espe-
cially those that occur during late or
busy phases of the project.

Completion of the project and quali-
fication of the building is not the end
of user group activities. Staffing, regula-
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Figure 5. Design through qualification K360 approach.
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tory compliance, and business practices
must all be in place before material can
be produced. A transformation map was
created during the initial stages of the
project that laid out all of the activities
required for processing to begin in the
building. This map identifies the major
activities by year and team.

Detailed tasks to complete these
activities, as well as construction and
commissioning activities, were sched-
uled using project management software
(Primavera Systems, Inc., Naperville,
Illinois, USA). Use of this integrated
schedule insured that all aspects of the
new facility was ready by the projected
timeline.

Conclusion

The success of the project has relied
on a few key factors. The most impor-
tant factor was defining business and
technical needs. The second was scope
control, aided by the creation of a forum
for all participants to communicate in
order to make timely decisions. Finally,
developing a mindset that it was unac-
ceptable to exceed budgeted capital was
important. Integration and open com-
munication was also important to all
aspects of the project.

This facility remained on track, and
was completed on time and within
budget; thus providing Eli Lilly and
Company with a state-of-the-art, cGMP-
compliant facility to meet the clinical
trial needs of its biotech pipeline.





