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(57) Abstract: The concepts described herein are directed to implementations of production facilities that can produce molecules used to
treat biological conditions, such as biotherapeutics. The biotherapeutics can include various molecules, such as proteins, enzymes, and
antibodies. The production facilities can include a number of separate modular cleanrooms that comprise particular pieces of equipment
to perform one or more aspects of the processes used to manufacture biotherapeutics. The modular cleanrooms are arranged such that
material that is produced by the equipment of one modular cleanroom can be transferred to another modular cleanroom for additional
processing. Additionally, systems and processes are described to generate models using machine learning techniques, where the models
can be used to predict productivity and/or efficiency metrics for production lines of biotherapeutics. Further, models can be generated
to control the operation of pieces of equipment included in the production lines.
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FACILITIES AND PROCESSES TO PRODUCE BIOTHERAPEUTICS

BACKGROUND

[6608]  The production of molecules that can be used to treat various biological
conditions often takes place at a relalively large scale. For example, proteins can
be manutactured in facilities that utilize bioreactors having capacities from 5000 L
to 25,000 L. Often, the production lines developed to produce these molecules
include equipment that is arranged according to a specific footprint that is not easily
modified within the production facility. The lack of flexibility in the types of
equipment and the arrangement of equipment utilized to produce a particular
molecule or group of molecules can limit the applicability of a specified production
line to other molecules. Thus, modifying an existing production line or constructing
a new production line o produce different molecules can increase the cosis
associated with providing these molecules (o the public. In turn, companies that
manufaciure bictherapeutics ofien decide 1o limit the number of molecules they
produce due to the amount of resources needed {0 develop facilities for
manufacturing a single molecule or group of molecules. Consequently, the cost of
manufacturing biotherapeutics to treat biclogical conditions can lead to a limited
fumber of biological conditions that can be trealed using bictherapeutics and the
number of biotherapeutics available {o treat a given biological condition can also
be limited.

(00021  Further, the control of systems that manufacture molecules that can be
used to treat biological conditions can be complex and take into consideration a
number of variables in order {o optimize the production of the molecules. However,
it can be difficull {o discern the maodifications that can be made {0 a particular
manufacturing process that can result in more efficient production of the molecules
because the technigues utilized to modify a manufacturing process are often ad
hoc or anecdotal and not based on empirical data. Additionally, conirol systems
are typically limited to controlling manufacturing processes at a single facility and
are not used to control the manufaciuring of one or more molecules at different

facilities. Thus, data gathered from manufacturing a molecule at one production
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facility may not be uiilized to improve the production of the same or a different

molecule at another production facility.

BRIEF DESCRIPTION OF THE DRAWINGS
(00031  FIG. 1 is a diagram of some implementations of an architecture {o
manufacture one or more bictherapeutics using equipment contained in a number
of modular cleanrooms according to some implementations.
[0004] FIG. 2 is a schematic diagram of implementations of an environment
that includes a modular cleanroom that can produce a virally inactivated pool
according to some implementations.
[0005]  FIG. 3is a schematic diagram of implementations of an environment that
includes a modular cleanroom thal can produce a viral filtered biotherapeutic
according fo some implementations.
[6006]  FIG. 4 is a schematic diagram of implementations of an environment that
includes a modular cleanroom that can produce a purified biotherapeutic according
o some implementations.
[6007]  FIG. 5 is a diagram of an architecture to analyze dala obtained from
mutltiple production facilities and determine operational parameters for the control
of pieces of equipment utilized in production lines of purified biotherapeutics
according to some implementations.
[0008]  FIG. 6 is a diagram of a layout of a production facility thal includes a
number of modular cleanrooms that include pieces of equipment that are used to
produce one or more biotherapeutics.
(00091 FIG. 7 illusirates some implementations of a system to control
production lines that produce a purified biotherapeutic according o some
implemeniations.
[0016]  FIG. 8 is a flow diagram of an example process 1o generate a model
used (o predict values related o al least one of the production or efficiency of a
production line according to some implementations.
{0018}  FIG. 9 is a flow diagram of an example process to implement a model

used to predict values related to at least one of the production or efficiency of a
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production line in the control of the production line according to some
implemeniations.
[0612] FiG. 10 is a flow diagram of an example process to produce a

bictherapeutic using a production facility having multiple modular cleanrooms

DETAILED DESCRIPTION

{0613] The concepts described herein are directed to implementations of
production facilities that can produce molecules, such as biotherapeutic, that can
be used 1o treatl biclogical conditions. As used herein, "bictherapeutics” refers o
molecules that are made using cells from living organisms, such as humans,
animals, plants, fungi, or bacteria, {0 make a product that can treat a biclogical
condition. The biotherapeutics can include various molecules, such as proteins,
egnzymes, and antibodies. Also, as used herein, “biclogical condition” can refer {o
an abnormality of function and/or struciure in an individual {0 such a degree as 1o
produce or thregten to produce a detectable feature of the abnormality. A biological
condition can be characterized by external and/or internal characteristics, signs,
and/or symptoms that indicale a deviation from a biclogical norm in one or more
populations. A biological condition can include at least one of one or more
diseases, one or more disorders, one or more injuries, one or more syndromes,
one or more disabilities, one or more infections, one or more isolated symptoms,
or other atypical variations of biclogical structure and/or function of individuals.

[6014]  The production facilities described herein can include a number of
separate modular cleanrooms that comprise particular pieces of equipment o
perform one or more aspecis of the processes used fo manufacture
biotherapeutics. The modular cleanrooms are arranged such that material that is
produced by the equipment of one modular cleanroom can be transferred (o
ancther modular cleanrcom for additional processing. The modular cleanrooms
can provide sterile, cleanroom environments having less than 0.5 micromelers
(um) particles per 100 £t% to 0.5 pm particles per 1,000,000 ¥, Additionally, the
transfer of malerial belween modular cleanrooms can iake place without

contamination of the material being transferred.
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{08151  The separate modular cleanrooms can include equipment that perform
operations related to solution preparation, ingeulum preparation, cell culture,
purification, and end product fill and finish. In some examples, the modular
cleanrooms can utilize various carl pumps, bioreactors, chromatography sysiems,
perfusion systems, mixing vessels, filtration devices, temperature control devices,
testing devices, and material storage containers. Materials can be fed into the
modular cleanrgoms via airlocks that are coupled to storage containers. The
storage containers can be located in a staging area of the production facility. In
various implementations, the storage containers can include bufler solutions,
intermediate products, end products, feed stock, material that has been removed
in conjunction with a bleed operation, matenal used to feed cells utilized in the
manufacturing process, such as glucose, or combinations thereof. The modular
cleanrooms can also include malerials transier airlocks and changing rooms for
personnel to wear clothing that complies with the standards for the modular
cleanroom.

[6016] The eguipment included in individual modular cleanrcoms can be
modified based on the product that is being manufactured. For example, a modular
cleanroom that is configured to manufacture a first biotherapeutic using a perfusion
sysiem can be modified to manufacture a second biotherapeutic using a batch
process. In another example, a modular cleanroom that performs purification
gperations using ion exchange chromatography columns {0 produce a first
biotherapeutic can be modified to utilize affinity chromatography techniques 1o
produce a second biotherapeutic. Thus, to produce a new biotherapeutic, the
gquipment located within one or more modular cleanrooms can be modified o
correspond with the {fooiprini needed to produce the new bictherapeutic. in this
way, the production faciliies described herein provide flexibility in the equipment
that can be utiized in the production facility and, sccordingly, a single production
facility can be used to produce mulliple biotherapeutics without a large capital
expenditure to retrofit the production facility. Furthermore, in sifuations where
additional capacity is needed, additional modular cleanrooms can be added to the

production facility to increase the production of a biotherapeutic. In cerlain
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implemenialions, single use materials and corresponding equipment can be
utiized in the production of biotherapeutics. By utilizing single use materials with
ceriain  equipment, contamination of the system can be minimized and
manufacturing cosis can also be minimized due to the decreased amount of
cleaning and maintenance needed o operale single use equipment.

{00171  Also described herein, are systems and techniques to control and
optimize the manufacturing of biotherapeutics. Data obtained from production lines
can be analyzed using machine learning techniques to identify process variables
that are stalistically significant with respect to productivity metrics. The productivity
metrics can include viable cell densily, yield, and purity. In addition, dala obtained
from production lines can be analyzed using machine leaming technigues to
determine control variables that can be modified {o impact one or more process
variables. The process variables can be dependent on the control variables. That
is, a modification to one or more control variables can cause a change in one or
more process variables. in an ilustrative example, changing the flow rate through
a chromatography system can impact the carbon dioxide levels at one or more
points along a production line for a biotherapeutic. In another illustrative example,
modifying a temperaiure of the effluent of a bioreactor can impact the dissolved
oxygen levels of the effluent. In an additional example, a raie of agitation in a
bioreactor can impact the viable cell density of the end product of the production
line.

{60181  In conventional bictherapeutic production lines, due {o the unpredictable
nature of biochemical processes, process variables that impact productivity
metrics for the production lines are lypically determined based on anecdotal
gvidence and, often, process variables that impact a productivity metric can be
overlocked. Additionally, the control variables thal can be modified o impact the
process variables can also be difficult to identify in conventional systems and are
typically identified through trial and error and/or after a production lapse has
gcourred. The technigues and systems described herein are direcied o a proactive
approach that identifies when process variables may be out of a threshold range
of values and determines control variables that can be modified to keep the
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process variables within their operating range.

(66191  Furthermore, conventional production lines for biotherapeutics are often
constructed in a customized marnner and produce a single biotherapeutic on a
relatively large scale (e.g., 5000 L or 10,000 L bioreaciors) for a period of several
years. Thus, data for process variables and control variables for additional
production  lines for a parficular bictherapeutic are iypically unavailable.
Accordingly, the data used o determing settings for control variables is limited to
the data collected from a single production line. The limited amount of information
available to analyze in order to identity process variables and their respective
control variables that impact productivity of a production line can result in some
significant process variables and/or control variables going unidentified or not
being identified until a lapse in production of the biotherapeutic takes place.
{60201  The sysiems and techniques described herein can obtain data from g
number of production lines that have been construcied using modular cleanrooms.
The similarities between the equipment and process flow of production lines
constructed using modular cleanrooms can increase the amount of data available
to analyze with respect to the productivity of the production lines. In this way, the
process variables and conirol variables for the individual production lines can be
identified more readily than conventional production lines for biotherapeutics.
Additionally, analyzing a greater quantity of data than is available from
conventional systems resulis in a more accurate identification of process variables
and their respective control variables and in less time than conventional systems.
{B021] FIG. 1 is a diagram of some implementations of an architecture 100 fo
manufaciure one or more bictherapeutics using equipment contained in a number
of modular cleanrooms. The architecture 100 can include a preduction facility 102
that produces g biotherapeutic. In addition, the architecture 100 can include a
control system 104 that determines information that can be utilized to conirol the
operation of equipment included in the production facility 162. The control system
104 can obiain data from sensors that monitor conditions of a production line
housed in the production facility 102. The control system 104 can also obtain data
from testing and/or analysis of malerial extracted from the production line. For
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example, the control system 104 can obtain resulls from analylical tesis performed
on material extracted from various points on the production line.

[6622]  The control system 104 can analyze the data oblained from the
production facility 102 using one or more machine learning lechnigues. In
particular implementations, the control system 104 can implement & partial least
sguares analysis {0 develop one or more models that predict one or more
productivity melrics of the production line. For example, the control system 104
can develop a model to predict viable cell densily of the production line. The model
can inciude a number of process variables of the production line that impact the
viable cell density of the production line. The control system 104 can also analyze
the data obtained from the production facility 102 {o determine one or more control
variables that can have an effect on the process variables. The control system 104
can send controb instruclions to various pieces of equipment included in the
production facility 102 in order to cause a change in values of one o more process
variables. To illusirate, the control system 104 can determine that the viable cell
density is outside of a threshold range and determineg that pH of the material stored
in 4 storage container is {0 be increased o bring the viable cell density back inlo
the threshold range. Continuing with this example, the control system 104 can
send instructions to a pump in the production facility 102 to add acid or base to the
storage container in an amount that can modify the pH of the material stored in the
storage container {o a level that corresponds 1o a viable cell density that is within
the threshold range.

{B023] in various implementations, the control system 104 can oblain data from
a number of preduction facilities, including the production facility 102, to determine
models to predict productivity metrics at the production facilities. In some cases,
the control system 104 can develop a single model that can be used {0 predict a
productivity metric at mulliple production facilities for one or more biotherapeutics.
For example, the control system 104 can determine a model to predict viable cell
density for production lines of a bictherapeutic at multiple preduction facilities. In
additional situations, the control system 104 can determine individual models o
predict productivity metrics at a number of production facilities using data obtained
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from the number of production facilities. To illustrale, the control system 104 can
determine a model to predict viabie cell density at the production facility 102 based
on data obtained from the production facility 102 and additional data obtained from
additional production facilities.

{0624]  The production facility 102 can include a number of modular cleanrooms
that include equipment that is part of a production line to manufacture a
biotherapeutic. Individual modular cleanrooms can include a subset of the
equipment ulilized o manufacture the bictherapeutic. Material produced by
equipment from one of the modular cleanrooms can be transferred to another
modular cleanroom for further processing untit a final biotherapeutic is produced.
in cerfain implementations, packaging or storing of the final bictherapeutic can take
place in at least one of the modular cleanrooms.

[6025] in the illusirative implementation of FIG. 1, the production facility 102
includes a first modular cleanroom 106, a second modular cleanroom 108, a third
modulgr cleanroom 110, a fourth modular cleanroom 112, a fifth modular
cleanroom 114, and a sixth modular cleanroom 116. The individual modular
cleanrooms 106, 108,110, 112, 114, 116 can comply with one or more infermnational
standards for airborne particular levels within the individual modular cleanrooms
108, 108, 110, 112, 114, 116, For example, the modular cleanrooms 106, 108,
110, 112, 114, 116 can comply with a class of cleanroom set forth by the
international Organization for Standardization (ISQ). The IS0 classifications for
cleanrooms specify a number of particles of a threshold size that can be present
in a cleanroom. In a particular example, a cleanroom can be classified as an 1ISO
5 cleanroom with a maximum of 100,000 particles/m® having a size no greater than
0.1 um, a maximum of 23,700 particles/m® having a size no greater than 0.2 um,
a maximum of 10,200 particles/m® having a size no greater than 0.3 um, a
maximum of 3520 particles/m® having a size no greater than 0.5 um, and a
maximum of 832 particles/m® having a size no greater than 1 um. The modular
cleanrcoms 106, 108, 110, 112, 114, 116 can also comply with other cleanroom
standards, such as the European Union (EU) Good Manufacturing Practice (GMP)

classifications for cleanrooms. In various implementations, individual medular
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cleanrcoms of the modular cleanrcoms 106, 108, 110, 112, 114, 116 can comply
with the requirements of an 150 5 class cleanroom, an 150 6 class cleanroom, an
SO 7 class cleanroom, an 150 8 class cleanroom, or an 150 9 class cleanrcom.
(00261  In illusirative examples, the production facility 102 can have an area
from about 10,000 #° to about 75,000 f%, an area from about 15,000 #? to about
50,000 {t2, or an area from about 20,000 {? to about 30,000 ft2. Additionally, the
individual modular cleanrocoms 106, 108, 110, 112, 114, 116 can have an area
from about 400 # to about 2000 #2, from about 600 12 to about 1,500 2, or from
about 700 #* to about 1,000 ft*. The production facility 102 can also include a
staging area 118 that includes containers 120 that store materials that can be fed
into the equipment included in one or more of the modular cleanrooms 106, 108,
110, 112, 114, 116. The staging area can include at least a portion of the
production facility 102 that is not occupied by the modular cleanrooms 106, 108,
110, 112, 114, 118, In the illustrative example of FIG. 1, the staging area can
include confainers 120{1) — 120{12) that are located within an interior portion of
the production facility 102. In other implementations, one or more of the containers
120(1}) - 120(12) can be located in other portions of the production facility 102. For
example, one or more of the containers 120(1) — 120{12) can be located along a
peripheral portion of the production facility 102 or locaied belween adjacent
modular cleanrooms, such as between modular cleanroom 106 and modular
cleanroom 108. Furthermore, although the production facility 102 shown in the
illusirative example of FIG. 1 has 12 containers 120, in other implementations, the
production facility 102 can include more containers or fewer containers. In addition
to the staging area 118 and the modular cleanrcoms 120, the production facility
102 can include other areas not shown in FIG. 1, such as lobbies, meeting rocoms,
utility space, warehouse storage, quality control facilities, adminisirative offices,
combinations thereof, and so forth.

{80271  The material siored in the containers 120 can be fed into the individual
modular cleanrooms 106, 108, 110, 112, 114, 116 via various inlet ports that are
included in the modular cleanrcoms 106, 108, 110, 112, 114, 116. For example,
the material from container 120(1) can be fed into the modular cleanroom 106 via

9
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an inlet port 122 and the malerial from the container 120(2) can be fed into the
cleanrcom 106 via an inlet port 124, The modular cleanroom 106 can also include
an additional port 126 that can be used to transfer material into or out of the
modular cleanroom 106. For example, material produced by one or more pieces
of equipment in the modular cleanroom 106 can be transferred 1o a storage
container (not shown in FIG. 1) or to another modular cleanroom via the additional
port 126, Additionally, the modular cleanroom 108 can include inlef poris 128 and
130 that can pass material from the containers 120(3) and 120(4), respectively,
into the modular cleanroom 108. The modular cleanroom 108 can also include the
additional port 132 for transferring material into or out of the modular cleanroom
108. Further, the modular cleanroom 110 can include inlet ports 134, 136 and the
additional port 138 and the modular cleanroom 112 can include inlet poris 144,
142 and the additional port 144. Also, the modular cleanroom 114 can include inlet
ports 146, 148 and additional port 150 while the modular cleanrcom 116 can
include inlet ports 152, 154 and gdditional port 156. The inlet ports 134, 136 of the
modular cleanroom 110 can be coupled to the containers 120(5) and 120(6),
respectively, and the inlet poris 140, 142 of the modular cleanroom 112 can be
coupled to the containers 120(7) and 120(8), respectively. The additional ports 138
and 144 can be used {o transfer material info or out of the modular cleanrcoms
110 and 112. In addition, the inlet poris 146, 148 of the modular cleanroom 114
can be coupled to the containers 120(9) and 120(10} and the inlef ports 152, 154
of the modular cleanroom 116 can be coupled 1o the containers 120(11} and
120(12) while the additional ports 150 and 156 can be used to transfer material
into and out of the modular cleanrooms 114, 116, Although in the illustrative
example of FIG. 1, the modular cleanrooms 108, 108, 110, 112, 114, 116 have two
inlet ports and an addiional port, in other implementations, the modular
cleanrooms 106, 108, 110, 112, 114, 116 can have more or fewer inlet ports and/or
more or fewer additional ports.

{00287  The modular cleanrooms 106, 108, 110, 112, 114, 116 can include
various arrangements of equipment that are included in a production line for a

biotherapeutic. In the lllustrative example of FIG. 1, the modular cleanrcoms 106,
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108, 110, 112, 114, 116 can include different pieces of equipment that perform
different operations in the manufacturing of a biotherapeutic. For example, the
modular cleanrgom 106 can include equipment 158, 160, 162 and the modular
cleanroom 108 can include equipment 164, 166, 168. In addition, the modular
cleanroom 110 can include equipment 170, 172, 174, 176 and the modular
cleanroom 112 can include equipment 178, 180, 182, 184. Further, the modular
cleanroom 114 can include equipment 186, 188, 180 and the modular cleanroom
116 can include equipment 192, 194, 196, 198. Although the llustrative example
of FIG. 1 shows a particular number of pieces of equipment in the modular
cleanrooms 106, 108, 110, 112, 114, 116, in other scenarics, the modular
cleanrgoms 106, 108, 110, 112, 114, 116 can include grealer or fewer pieces of
gguipment. Additionally, the modular cleanrooms 106, 108, 110, 112, 114, 116 can
include other features besides the equipment, such as material exchange airlocks,
changing areas, integrity testing squipment, office furniture, laboratory equipment,
computing devices, combinations thereot, and the like.

[6629]  In illustrative examples, the modular cleanroom 106 can be a solution
preparation area and the equipment 158, 160, 162 can be used o produce
solutions that are used in the manufacturing of a biotherapeutic. For example, the
equipment 158, 160, 162 can include one or more storage containers, one or more
ventilation hoods, combinations thereof, and the like. In addition, the modular
cleanroom 108 can be an inoculum preparation area and the equipment 164, 166,
168 can be used {0 produce inoculum that is later used to manufacture a
bictherapeutic. In some situations, a cell line used o manufacture a biotherapeutic
can be produced using the equipment 164, 166, 168. In various examples, the
gquipment 164, 166, 168 can include cne or more reaciors, one or more
incubators, one or more refrigerators, lesting equipment, combinations thereof,
and so forth.

{66301  The modular cleanroom 110 can be a cell cullure area that produces
media that includes the bictherapeutic. The equipment 170, 172, 174, 176 can
include one or more bioreactors, one or more perfusion systems, one or more

chromalography systems, one or more filtration sysiems, one or more storage
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containers, one or more temperature controt devices, one or more pumping
systems, combinations thereof, and the like. In certain implementations, viral
inactivation processes can be periormed by equipment included in the modular
cleanroom 110, Additionally, the modular cleanrcom 112 can be a purification area
where the product manufactured in a bioreactor of the modular cleanroom 110 can
be purified. The purification of the product manufactured in the modular cleanroom
108 can be performed by separating different molecules included in the effluent of
a bioreactor of the modular cleanroom 108. In particular implementations, one or
more chromatographic processes can be used to purity the bioreactor product. The
equipment 178, 180, 182, 184 included in the modular cleanroom 112 can include
one or more chromatography systems, one or more filters, one or more storage
containers, one of more pumping systems, one or more temperature control
devices, combinations thereot, and so forth.

{00311 The modular cleanrcom 114 can be a second purification area that
further purifies the effiuent from the bioreactor of the modular cleanroom 108. In
particular implementations, the equipment 186, 188, 180 can include one or more
filtering systems, one or more pumping systems, one or more slorage containers,
one or more temperature control devices, combinations thereof and so forth. In
cerfain non-imiting implementations, the purification operalions performed by the
equipment of the modular cleanroom 114 can be optional. Further, the modular
cleanroom 116 can include a biotherapeutic area where the biotherapeutic
produced in the modular cleanroom 108 is readied for transport, delivery o a
patient, and/or pre-processed before being provided to a facility that may modily
the biotherapeutic (o a form for delivery to a patient. In various implementalions,
the biotherapeutic can include sterile-filtered solutions and diluents. In non-limiting
examples, the biotherapeutic may not include suspensions, vaccines, or biologics.
in particular implementations, the biotherapeutic can be placed into vials and/or
syringes. The equipment 182, 194, 196 can include one or more pumping devices,
one or more storage containers, or one or more filling systems. The one or more
filling systems can be used to dispense an amount of the bictherapeutic info a

vessel, such as a vial or syringe.
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100321 Although the Hlustralive example of FIG. 1 includes six modular
cleanrgoms, the production facility 102 can include more modutar cleanrooms or
fewer modular cleanrooms. In certain implementations, the production facility 102
can include additional modular cleanrooms that include cell culture areas. Also,
the production facility 102 can include additional modular cleanrooms that include
equipment that performs purification operations and/or fillering operations.

[6633]  FIG. 2is a schematic diagram of implementations of an environment 200
that includes a modular cleanroom 202 that can produce a virally inactivated pool.
in various implementations, the environment 200 can be included in a production
facility, such as the production facility 102 of FIG. 1. The modular cleanroom 202
can include eguipment that can be used to perform cell culture operations. The cell
culture operations can cause a biotherapeutic to be produced using media that
includes g cell line that can support the production of the bictherapeutic.

{00341  The modular cleanroom 202 can be coupled to a number of storage
containers 204. The siorage containers 204 can siore material that is fed into one
or more pieces of equipment included in the modular cleanroom 202 and/or
malerial that is transferred out of one or more pieces of equipment housed in the
modular cleanroom 202. In particular implementations, the storage containers 204
can be localed in a staging area of a production facility. The slorage containers
204 can have various capacities. For example, individual storage containers can
have capacities from about 50 L 1o about 2000 L or from about 160 L to about 1000
L. In fllusirative examples, one or more first containers 204 can have a capacity of
about 100 L, one or more second containers 204 can have a capacity of about 200
L, and one or more third containers 204 can have a capacity of about 1000 L.
(00331  Matenal can be transterred between equipment located in the modular
cleanroom 202 and the storage containers 204 via ports 206. In the dllusirative
example of FIG. 2, the environment 200 can include a storage container 204(1)
coupled to a port 206(1), storage containers 204(2) and 204(3) coupled to a port
206(2}, and a storage container 204(4) coupled to a port 206(3). The ports 206(1),
206(2), and 206(3) can be coupled to a bioreactor 208. In iflustrative examples, the
storage containers 204(1) and 204(4) can provide cell culiure media o the
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bioreactor 208. Additionally, the storage container 204(2) can provide sodium
bicarbonate to the bioreactor 208 and the siorage container 204(3) can provide a
cell growth material, such as glucose, to the bioreactor 208. In alternative
implementations, the siorage container 204(3) can store material that has been
removed from the bioreactor 208 as part of a cell bleed operation.

{00361  The bioreactor 208 can include a vessel having a capacity from about
250 L to about 2000 L or from about 500 L to about 1000 L. The bioreactor 208
can include a pumping mechanism, an agitation mechanism, a sparger,
combinations therect, and the like. Conditions within the bioreactor 208 can be
suitable to cause a biological reaction to take place that produces a specified
biotherapeutic using cell culture media fed into the bioreactor 208 from one or more
of the storage containers 204. The bioreactor 208 can operale on a continuous
basis withoul shutting down for a period of time. To illusirate, the bicreactor 208
can operate for a duration from about 5 days o about 40 days, from about 10 days
to about 30 days, or from about 15 days o gbout 25 days. Although the illusiralive
example of FIG. 2 shows a single bioreacior 208 housed within the modular
cleanroom 202, in additional implementations, the modular cleanroom 202 can
house two or more bigreactors.

(00371 In illustrative examples, for a single vessel volume, the bioreactor 208
can produce from about 0.5 ¢ of biotherapeutic per liter of cell culture media per
day {o about 10 g of bictherapeutic per liter of cell culture media per day, from
about 1 g of bictherapeutic per liler of cell culture media per day fo aboul 6 g of
bictherapeutic per liter of cell culture media per day, or from about 2 g of
biotherapeutic per liter of cell culture media per day to about 4 g of bictherapeutic
per liter of cell culture media per day. In other illustrative exampies, for two vessel
volumes, the bicreactor 208 can produce from about 0.25 ¢ of biotherapeulic per
fiter of cell culture media per day fo about 7 g of biotherapeutic per liter of cell
culture media per day, from about 0.5 g of biotherapeutic per liter of cell culiure
media per day 1o about 5 g of bictherapeutic per liter of celf culture media per day,
or from about 1 g of biotherapeutic per liter of cell culture media per day {0 about
2 g of biotherapeutic per liter of cell culture media per day. Although not shown in
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the iflustralive example of FIG. 2, the bioreactor 208 can be coupled io, or
gtherwise include, a temperature control system and/or a human machine interface
device.

{00381  The bioreactor 208 can be coupled to a perfusion system 210 that can
utilize one or more pumping devices to add feed material 1o the bioreactor 208 and
remove effivent from the bioreactor 208. The perfusion system 210 can provide
gffluent to a storage container 212. The effluent stored in the storage container
212 can be obtained by a continuous chromatography system 216. Optionally, the
effluent stored in the storage container 212 can pass through a temperature control
system 214 that can modify a temperature of the effluent before the effluent is
provided to the continuous chromatography system 216. In illustrative examples,
the temperature control system 214 can include g heat exchanger that can heat or
cocl the efffuent stored in the storage container 212 as the efiluent is transported
to the continuous chromatography system 216, The continuous chromatography
system 216 can include a group of chromatography columns 218. in various
implementations, the group of chromatography columns 218 can include from 2 fo
16 chromatography columns or from 3 to 9 chromalography columns. Additionally,
in particular implementations, the continuous chromatography system 216 can
have a disposable flow path, such that the continuous chromatography system 216
is g single use, continuous chromatography system.

(60397  The continugus chromatography system 216 can utilize various
chromatographic processes. For example, the continuous chromatography system
216 can utilize one or more of Protein A affinity chromatographic processes, ion
exchange chromatographic processes, mixed mode chromatographic processes,
hydrophobic  inferaction chromatographic  processes, or size  exclusion
chromatographic processes. in various implementations, the columns 218 of the
continuous chromatography system 216 can have a diameter from about 40 em io
about 100 om, from about 50 om to about 80 om, or from about 60 cm to about 70
cm. Additionally, in particular implementations, the columns 218 of the continuous
chromatography system 216 can have a height from about 10 ¢m 1o about 40 cm,
from about 15 cm to about 30 cm, or from about 20 cm to about 25 cm. In certain
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implemenialions, an amount of product produced by each column 218 of the
continuous chromatography system 216 can be from about 80 g/L resin 1o about
140 g/L resin, from about 90 g/l resin to about 130 g/L resin, or from about 100
g/l resin fo about 120 g/L resin. Further, effluent from the bioreactor 208 can be
processed according to a number of cycles of the continuous chromatography
system 216, such as from 4 to 15 cycles, from 6 1o 12 cycles, or from 8 to 10 cycles.
in illustrative examples, individual cycles of the continuous chromatography
system 216 can have a duration from about 3 hours (o about 12 hours, from about
4 hours 1o about 10 hours, or from about 6 hours to about 8 hours.

{00401  Buffer solution can be fed into the continuous chromatography system
216 from one or more of contginers 204(5), 204(6), 204(7), 204(8), 204{9),
20410}, or 204(11} via ports 206(4), 206(5), and/or 206(6). In the illustrative
example of FIGG. 2, the containers 204(5), 204(6), and 204(7) can be coupled 1o
port 206(4), container 204(8) can be coupled 1o port 206(5), and the containers
204(9), 204(10), and 204{(11) can be coupled fo port 206(6). Other
implementations can include different arrangements ¢f containers coupled to one
or more of the ports 206(4), 206(5), and/or 206(6). In addition, although not shown

in FIG. 2, a portion of the effluent from the continuous chromalography system 216
can be transported to one or more of the containers 204(5), 204(8), 204(7), 204(8),
204(9), 204(10), or 204(11).

(60417  The effluent from the continuous chromatography system 216 can be
fed into a series of devices including a container 220, a container 222, 8 pumping
device 224, and an additional container 226. In particular implementations, effluent
from the continuous chromalography system 216 can be supplied 1o either the
container 220 or the container 222. For example, the delivery of the efiluent from
the continuous chromatography sysiem 216 can be alternated between the
container 220 and the container 222. To Hllusirate, effluent from the continuous
chromatography system 216 can be supplied to the container 220 for a period of
time or until the volume of the effluent stored in the container 220 reaches a
threshold level. After the period of time has expired or the volume of the effluent in
the container 220 reaches at least the threshold level, the efiluent from the
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continuous chromatography system 216 can be supplied [o the container 222.
Subsequently, the effluent from the continuous chromatography system 216 can
be swiiched back to being supplied to the container 220 after the effluent from the
continuous chromatography system 216 has been supplied to the conlainer 222
for a period of time or the volume of the effluent in the container 222 reaches a
threshold volume. The filling of one of containers 220, 222 and switching to the
gther of the containers 220, 222 with the effluent of the continuous chromatography
system 216 can continue until the bioreacior 208 no longer produces product. At
least one of the container 220 or the container 222 can collect product from the
continuous chromatography system 216 for at least one day, at least 2 days, at
least 3 days, at least 4 days, at least 5 days, at least € days, af least 7 days, or at
least 8§ days. In illustrative examples, at least one of the container 220 or the
container 222 can collect product from the continucus chromatography system 216
for 0.5 days to 25 days, 1 day 10 20 days, 2 days to 15 days, 3 days {0 10 days, 4
days 1o 8 days, & days 1o 12 days, or € days to 15 days. In particular illusiralive
examples, the container 220 or the container 222 can have a volume of about 100
filers and collect product from the conlinuous chromalography system 216 for
about 5 days.

{0642]  The modular cleanroom 202 can also include a pump device 224, The
pump device 224 can be used to add acid to the effluent from the continuous
chromatography system 216. The addition of acid to the effluent from the
continuous chromatography system 216 can be used as g viral inactivation
process. In some implementations, the effluent from the continuous
chromatography system 216 can be provided to the container 226 from the
container 220 or container 222 betore the acid is added to the effluent. In additional
implementations, the pump device 224 can add acid to the effluent from the
continuous chromatography systam 216 while the eftiuent is stored in the container
220 or the container 222. In these situations, as effluent is being provided to one
of the containers 220, 222 from the continuous chromatography system 216, the
pump device 224 can add acid to the other of the containers 220, 222 o virally

ingctivate the effluent from the continuous chromatography system 216 being store
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therein. The effluent from the continucus chromatography sysitem 216 can be
treated with acid provided by the pump device 224 for a period of time {0 achieve
virgl inactivation of the effluent of the continuous chromatography system 216. For
example, the effiuent of the continuous chromatography system 216 can be treated
with acid provided by the pump device 224 for at least 5 hours, at least 10 hours,
at least 15 hours, at least 20 hours, al least 30 hours, al least 40 hours, at least 4
days, or at least 5 days. In illustrative scenarios, the effluent of the continuous
chromatography system 216 can be lreated with acid provided by the pump device
224 for 4 hours to 6 days, from 12 hours to 5 days, from 1 day {0 4 days, from 18
hiours to 3 days, or from 2 days to 5 days. In further implementations, instead of
treating the efftuent from the continuous chromatography system 216 with an acid,
the effiuent from the continuous chromatography system 216 can be reated with
a detergent o produce the virglly inactivated pool.

{00431  The virally inactivated pool can be pumped out of the modular cleanroom
202 using a pump 228 that sends the virally ingctivated pool through a depth filter
230 and filter cart 232. The filter cart 232 can include g filter device having an
average opening size of no grealer than 1 micron, no greater than 0.8 microns, no
greater than 0.6 microns, no greater than 0.4 microns, no greater than 0.2 microns,
no greater than 0.1 microns, or no greater than 0.05 microns. In iHlustrative
examples, the filter device of the filter cart can have openings with an average size
from 0.05 microns o 1 micron, from £.1 microns to 0.6 microns, or from 0.2 microns
to 0.4 microns. After being pumped out of the modular cleanrocom 202, the virally
inactivated pool can be stored in a container (not shown) before being provided to
an additional modular cleanroom included in a production facility.

(08044} FIG. 3is a schematic diagram of implementations of an environment 300
that includes a modular cleanroom 302 thal can produce a viral fillered
biotherapeutic. In various implementations, the environment 300 can be included
in a production facility, such as the production facility 102 of FIG. 1. The modular
cleanroom 302 can include equipment to perform operations in the production of
a viral filtered biotherapeutic using the virally inactivated pool produced by the
modutlar cleanroom 202. For example, the modular cleanroom 302 can include
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equipment to periorm purification operations with respect to the virally inactivated
pool produced by the modular cleanvoom 202.

{60431  The modular cleanroom 302 can include a number of ports 304 thal can
be coupled 1o containers that supply various solutions to equipment included in the
modular cleanroom. In the illustrative example of FIG. 3, the modular cleanroom
302 can include a first port 304(1) coupled {o a first storage container 306 and a
second port 304(2) coupled o a second storage container 308. The first storage
container 306 can siore an amount of the virally inactivated elution pool produced
by the modular cleanroom 202. Additionally, the second container 308 can siore
an amount of buffer solution that can be utilized by one or more pieces of
equipment of the modular cleanroom 302. The first storage container 306 can have
a volume from 1000 L to 3000 L, from 1500 L to 2500 L, or from 1750 L t0 2250 L.
Further, the second storage coniainer 308 can have a volume from 500 L to 2000
L, rom 750 Lto 1500 L, or from 800 L 1o 1200 L.

{6046]  The modular cleanroom 302 can giso include a third port 304(3), a fourth
port 304(4), and a fifth port 304(5). The poris 304(3), 304(4), 304(5} can be coupled
to additional buffer storage containers 310, 312(1}, 312(2), 312(3}, 312(4), 312{5),
and 312(6). The bufler storage containers 312 can have different volumes from the
buffer storage container 310. To illustrate, the buffer storage container 310 can
have g volume from 50 L to 250 L or from 100 L to 200 L. Additionally, the storage
containers 312 can have volumes from 500 L to 2000 L, from 750 L to 1500 L, or
from 800 L 1o 1200 L.

{60471 in addition, the modular cleanroom 302 can include a sixth port 304(6)
coupled to a third storage container 314 and a fourth storage container 316. The
third storage container 314 can siore an amount of virally inactivated pool
produced by the modular cleanroom 202 and the fourth storage container 316 can
include a butfer solution. The third storage container 314 can have a volume from
1000 L to 3000 L, from 1500 L to 2500 L, or from 1750 L to 2250 L and the fourth
storage container 316 can have a volume from 500 L {0 2000 L, from 750 L to 1500
L, or from 800 L to 1200 L. In illustrative examples, the storage containers 308,
310, 312, 316 that store buffer solution can store a sodium bicarbonate butfer
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solution. Also, the storage containers 306, 308, 31¢, 312, 314, 316 can be located
in a staging area of a production facility. In particular implementations, at least a
portion of the storage containers 306, 308, 310, 312, 314, 316 can be stored in the
staging area along with at least a portion of the storage containers 204 of FIG. 2.

{0048]  The virally inactivated pool from the containers 306, 314 and/or the
bufter solution from the containers 308, 316 can be fed into a temperature control
unit 318, The temperature control unit 318 can include a heat exchanger, in some
implementations. Additionally, the temperature control unit 318 can be portable. In
particular implementations, the temperature conirol unit 318 can be optional
depending on the temperature of the virally inactivated pool and the temperaiure
of the buifer solution.

(60491 The virally inactivated pool and buffer solutions at appropriate
temperatures can be fed into g first chromatography system 320 that includes a
number of chromatography columns 322. In various implementations, the number
of chromatography columns 322 utilized for a given process can inciude from 2 to
16 chromatography columns or from 3 to 8 chromatography columns. In some
implementations, the first chromalography sysiem 320 ¢an have a disposable flow
path, such that the first chromatography system 320 is a single use
chromatography system. The first chromatography system 320 can utilize various
chromatographic processes. For example, the first chromatography system 320
can utifize one or more of Protein A affinity chromatographic processes, ion
exchange chromatographic processes, mixed mode chromatographic processes,
hydrophobic  interaction  chromalographic  processes, size  exclusion
chromatographic processes, or ion exchange chromatographic processes. In
various implementations, the columns 322 of the first chromatography system 320
can have a diameter from about 40 cm to about 100 om, from about 50 cm {0 about
80 om, or from about 60 cm {0 about 70 om. Additionally, the columns 322 of the
first chromatography system 320 can have a height from about 10 cm to about 40
cm, from about 15 om to about 30 cm, or from about 20 om to about 25 cm. In
certain implementations, an amount of product produced by each column 322 of
the first chromatography sysiem 320 can be from about 80 g/L resin to about 140
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g/L resin, from about 80 g/L resin to aboul 130 g/l resin, or from about 100 gL
resin 1o about 120 g/l resin. Further, virally inactivated pool can be processed
according to a number of cycles of the first chromatography system 320, such as
from 4 {0 15 cycles, from 6 {0 12 cycles, or from 8 to 10 cycles. In illustrative
examples, individual cycles of the first chromatography system 320 can have a
duration from about 3 hours to about 12 hours, from about 4 hours to about 10
hours, from about 6 hours to about 8 hours, or from about 3 hours to about 6 hours.
{60507  The purified product from the first chromatography system 320 can be
stored in a storage container 324. The storage container 324 can have a volume
from 100 Lo 1500 L, from 250 L {0 1250 L, from 500 L to 1000 L, or from 600 L
to 700 L. The purified product from the first chromatography system 320 stored in
the storage container 324 can be fed to an additional chromatography system 326
having a number of columns 328. Bufter solution can also be fed into the additional
chromatography system 326 from the containers 310, 312. The additional
chromafography system 326, in some implemeniations, can have a similar
configuration as the first chromatography system 320. Depending on a purity of
the product produced by the first chromalography system 320, the second
chromatography system 326 can be optionally implemented.

(00511 In particular implementations, the number of chromalography columns
328 utilized for g given process can include from 2 to 16 chromatography columns
or from 3 to B chromatography columns. In some implementations, the additional
chromatography system 326 can have a disposable flow path, such that the
additional chromatography system 326 is a single use chromatography system.
The additional chromatography system 328 can utilize various chromatographic
processes. For example, the additional chromatography system 326 can utilize
one or more of Protein A affinily chromatographic processes, ion exchange
chromatographic  processes, mixed mode chromatographic processes,
hydrophobic  interaction  chromatographic  processes, size  exclusion
chromatographic processes, or ion exchange chromatographic processes. In
various implementations, the columns 328 of the additional chromatography
system 326 can have a diameter from about 40 cm to about 100 cm, from about
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50 om to about 80 om, or from about 60 cm io aboul 70 cm. Additionally, the
columns 328 of the additional chromatography system 326 can have a height from
about 10 cm o about 40 om, from about 15 om to about 30 om, or from about 20
em 1o about 25 cm. In cerlain implementations, an amount of product produced by
each column 328 of the additional chromatography system 326 can be from about
80 g/L resin to about 140 g/L resin, from about 90 g/L resin {o about 130 g/L resin,
or from about 100 g/l resin to about 120 g/L resin. Further, purified product
produced by the first chromaltography system 320 can be processed according 1o
a number of cycles of the additional chromatography system 326, such as from 4
to 15 cycles, from 6 to 12 cycles, or from 8 1o 10 cycles. In illustrative exampiles,
individual cycles of the additional chromatography system 326 can have a duration
from about 3 hours to about 12 hours, from about 4 hours to about 10 hours, from
about 8 hours to about 8 hours, or from about 3 hours to about 6 hours.

{00521  In particular implementations, the product purified by the additional
chromatography sysiem 326 can be stored in an additional slorage container 330.
The additional storage container 330 can have a volume from 100 L to 1500 L,
from 250 L to 1250 L, from 500 L to 1000 L, or from 600 L to 700 L. The additional
storage container 330 can be coupled with a pumping device 332 that is also
coupled to g smaller storage coniainer 334. The smaller storage container 334 can
include additional solution that can be pumped by the pumping device 332, such
as a buffer solution. The smaller storage confainer 334 can have a volume from
25Lto250L, from35Lto150L, orfromd40 Lo 75 L.

{0653]  The pumping device 332 can feed the product purified by the additional
chromatography system 326 stored in the additional storage container 330 and/or
the solutions stored by the smaller storage container 334 info g viral filiration
device 336. The viral filtration device can have from 1 m?to 10 m? of filiration area,
from 2 m? {o 8 m* of filiration area, or from 3 m® to 6 m* of filiration area. The time
for filtration of the product purified by the first chromatography system 320, and
opticnally by the second chromatography system 326, can be from 5 hours to 15
hours, from 7 hours to 12 hours, or from 8 hours to 10 hours. The viral filtered
biotherapeutic from the viral filiration device 336 can be fed to a filter cart 338 i
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transport the viral filtered biotherapeutic out of the modular cleanroom 302.

00347  FIG. 4is a schematic diagram of implementations ¢of an environment 400
that includes a modular cleanroom 402 that can produce a purified biotherapeutic.
in various implementations, the environment 400 can be included in a production
facility, such as the production facility 102 of FIG. 1. The modular cleanroom 402
can include equipment to perform operations in the production of a purified
biotherapeutic using the viral filiered biotherapeutic produced by the modular
cleanroom 302. For example, the modular cleanroom 402 can include equipment
to periorm additional purification operations with respect to the viral filtered
biotherapeutic produced by the modular cleanroom 302.

{60331  The modular cleanroom 402 can include a number of ports 404 that can
be coupled to containers that supply various solutions to equipment included in the
modular cleanrocom 402. In the illusirative example of FIG. 4, the modular
cleanroom 402 can include a first port 404(1) that supplies the viral filtered
biotherapeutic produced by the modular cleanroom 302 to equipment located in
the modular cleanrcom 402 for {urther purification of the viral filtered
biotherapeutic. In some implementiations, the viral filtered biotherapeutic can be
stored in a storage container that is coupled to the port 404(1). Additionally, the
modular cleanroom 402 can include a second port 404(2) that is coupled 1o storage
containers 406(1) and 406(2) and a third port 404(3) that is coupled to storage
containers 406(3) and 406(4). The containers 408 can store an amount of buffer
solution that can be utilized by one or more pieces of equipment of the modular
cleanroom 402, The storage containers 406 can have a volume from 500 L to 2000
L, from 750 L to 1500 L, or from 800 L to 1200 L. Further, the modular cleanroom
402 can include a fourth port 404(4) that is coupled to a storage confainer 408 thal
can also store buffer solution that is to be fed to equipment in the modular
cleanroom 402. The siorage container 408 can have a volume from 50 Lto 250 L
or from 100 L to 200 L. In some implementations, the storage containers 406, 408
can be located in g staging area of a preduction facility, such as the production
facility 102 of FIG. 1.

{60561  The medular cleanroom 402 can include two areas 410 and 412, Alleast
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portions of the two areas 410, 412 can be separated by a physical barrier. In
particular implementations, the areas 410, 412 can be separated by curtains. In
other implementations, the areas 410, 412 can be separaied by at least g partial
wall that allows access between the two areas 410, 412, The firstarea 410 can be
a filtration area and the second area 412 can be a fillfinish area. In some
implementations, at least a portion of the second area 412 can be located under a
hood that allows laminar flow within the second area 412. In various
implementations, the concentration of particles in the second area 412 may be less
than the concentration of particles in the first area 410. In these situations, a
cleanroom classification of the second area 412 can be different from a cleanroom
classitfication of the first area 410.

[6657]  The first area 410 of the modular cleanrcom 402 can include a first
storage container 414 that can store an amount of the viral filiered bictherapeutic
from the modular cleanroom 302 and an additional storage container 416 that can
store an amount of buffer solution. The first holding container 414 can have a
volume from 200 L to 2000 L, from 400 L to 1500 L, or from 600 L to 1000 L.
Additionally, the additional siorage container 416 can have a volume from 25 L o
200 L, from 40 L 10 150 L, or from 50 L to 100 L. The virally filtered product stored
in the first holding container 414 can be fed, along with buffer solution from the
additional storage container 416 in some situations, into g filtration device 418. The
filration device 418 can perform ultrafilivation and/or diafiliration operations. In
particular implementations, the filiration device 418 can include a tangential flow
filtration device. The filtration device 418 can include a number of membranes that
separaie molecules on the basis of the size of the pores of the membranes.
Diafiltration can also be performed by the hltering device 418. Butfer solution
obtained from one or more of the containers 406 can also be fed inlo the filiration
device 416 o be used in the ulirgfiliralion/diafitration processes. In particular
implementations, the filtration device 416 can be coupled to a temperature control
unit.

[6058]  In diustrative examples, the filtration device 416 can include a filiration

area from 2 me 1o 20 mé4, from 4 m? io 15 me, or from 8 m2 to 12 mé. In addition, the
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filtration device 416 can be operaled for a number of cycles. For example, the
filtration device 416 can be operated for 2 10 12 cycles, 4 10 10 cycles, or 610 8
cycles (o produce the purified biotherapeutic. Further, each cycle of the filirgtion
device 416 can have a duration from 2 to 20 hours, from 4 to 15 hours, or from 6
to 10 hours. In various implementations, the total processing time at the filtration
device 416 can be from 4 o 120 hours, from 10 to 100 hours, from 25 10 75 hours,
or from 40 to 50 hours.

[6659]  The filtered product from the filtration device 416 can be stored in an
additional storage container 420. The additional storage container 420 can have a
volume from 50 Lo 1200 L, from 100 Lo 750 L, or from 200 L 1o 400 L. In addition,
the additional storage container 420 can be coupled to a first pump device 422 that
can add buffer solution from the storage container 408 to the additional holding
comtainer 420. Further, the first pump device 422 can provide the purified
biotherapeutic stored in the additional storage container 420 10 a second pump
device 424 that is located in the second area 412. The second pump device 424
can be coupled {o a third storage container 426 located in the second area 412.
The second pumping device 424 can be used o provide buffer solution o the
purified biotherapeutic stored in the additional holding container 420. The third
holding container can have a volume from 50 L to 1200 L, rom 100 L 10 750 L, or
from 200 L t0 400 L.

(6060  The puritied biotherapeutic can undergo one or more fill and/or finish
operations in the second area 412. The filling operations can be performed in an
automated process where a number of vials are filled at a particular rate per
minute. For example, the fill operations can take place at a rate of 5 {0 100 vials
per minute, 10 to 75 vials per minute, or 20 o €0 vials per minute. In illustrative
examples, the vials can have volumes from 2 mbL 10 40 mbL, from 5 mbL to 30 mi,
and from 10 mL to 20 mL.

{0061]  Although the illustrative examples of FiGs. 2-4 are directed o a
perfusion-based system to produce biotherapeutics, modular cleanrooms can also
be utilized to produce Dbiotherapeutics using baich processes. In these

implementations, a modular cleanroom can include one or more bioreactors and
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the products produced by the one or more bioreactors can be slored in various
storage containers. The product stored in the storage containers can then be fed
into a first chromatography system. In various implementations, the product siored
in the storage containers can be fed into an additional storage container coupled
to a first chromatography system. The first chromatography system can, in some
implementations, be located in the same modular cleanrocom as the one or more
bioreactors or in a separate modular cleanroom. The product stored in the
additional storage container can be fed into the first chromatography system. After
being purified by the first chromatography system, the purified product can be
subjected to a viral inactivation process. The viral ingctivated pool can then be sent
to one or more additional modular cleanrooms, such as the modular cleanroom
300 of FIG. 3 and the modular cleanroom 400 of FIG. 4.

{60621  Inillusiralive examples, the pieces of equipment included in the modular
cleanrooms 200, 300, 400 can include a production line 1o produce a
biothergpeutic. In some implementations, the bicthergpeutic can include a
therapeutic protein. The term “therapeutic protein” means a pharmacologically
active protein applicable to the prevention, treatment, or cure of a disease or
condition of human beings. Examples of therapeutic proteins include, but are not
imited to, monocional antibodies, recombinant forms of a native protein (e.g., a
receptor, ligand, hormone, enzyme or cyiokine), fusion proteins, peptibodies,
and/or a monomer domain binding proteins, e.g., based on a domain selected from
LDL receptor A-domain, thrombospondin domain, thyroglobulin domain, trefoil/PD
domain, VEGF binding domain, EGF domain, Anato domain, Notch/LNR domain,
DSL domain, integrin beta domain, and Ca-EGF domain. "Polypeptide” and
"protein” are used interchangeably herein and include a molecular chain of two or
more aming acids linked covalently through peptide bonds. The terms do not refer
to a specific length of the product.

(60631  The term "recombinant” indicates that the material (e.¢., a nucleic acid
or g polypeptide) has been artificially or synthetically (i.e., non-naturally) altered by
human intervention. The alteration can be performed on the material within, or

removed from, its natural environment or state. The term "recombinant protein” or
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"recombinant polypeplide” as used herein refers o a profein molecule, e.g., a
therapeutic protein of inferest, which is expressed using a recombinant DNA
molecule. A "recombinant host cell” is a cell that containsg and/or expresses a
recombinant nucleic acid.

{0064]  The term "polynuciectide” or "nucleic acid” includes both single-stranded
and double-siranded nucleolide polymers containing two or more nuclectide
residues. The nucleotide residues comprising the polynucleotide can be
ribonuclectides or deoxyribonucleotides or a modified form of either type of
nucleotide. A "polynuclectide sequence” or "nuclectide sequence” or "nucleic acid
sequence,” as used interchangeably herein, is the primary sequence of nuclectide
residues in a polynucleotide, including of an oligonucleotide, a DNA, and RNA, a
nucleic acid, or a character siring representing the primary sequence of nucleotide
residues, depending on contexi. From any specified polynucleotide sequence,
either the given nucleic acid or the complementary polynucleotide sequence can
be determined. Included are DNA or RNA of genomic or synthetic origin which may
be single- or double-stranded, and represent the sense or antisense sirand. Unless
specified otherwise, the left-hand end of any single-stranded polynucieotide
sequence discussed hereinis the 5' end; the left-hand direction of double-stranded
polynuclectide sequences is referred 1o as the &' direclion.

{00651  An expression cassette is g typical fegture of recombinant expression
technology. The expression cassetle includes a gene encoding a protein of
interest, e.g., a gene encoding an antibody sequence, such as an immunoglobulin
fight chain and/or heavy chain sequence. A eukaryctic “expression cassetig”
refers {o the part of an expression vector that enables production of protein in a
eukaryotic cell, such as a mammalian cell. It includes a promoter, operable in a
eukaryotic cell, for mRNA franscription, one or more gene(s) encoding protein(s)
of interest and a mRNA termingtion and processing signal.  Recombinant
exprassion {echnology typically involves the use of a recombinant expression
VECIor comprising an expression cassette and a mammalian host celf comprising
the recombinant expression vector with the expression cassetie or af least the
expression cassette, which may for example, be integraied into the host cell
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genome.
(60661  The term "vector” means any molecule or entity (e.g., nucleic acid,
plasmid, bacteriophage or virus) used to transfer protein coding information inlo a
host cell,

{80671  The term "expression vector” or "expression construct” as used herein
refers to a recombinant DNA molecule containing a desired coding sequence and
appropriate nucleic acid control sequences necessary for the sxpression of the
operably linked coding sequence in a particular host cell.

{00687  “Cell,” “cell line,” and “cell culture” are often used interchangeably and
all such designations herein include celiular progeny.

00691  Biotherapeutics produced herein can be produced by culturing protein-
secraeting mammalian cells in one or more single-use perfusion bioreactors
comprising a hiquid culture medium under conditions that allow the cells {o secrete
the recombinant therapeutic protein info the medium for a production cultivation
period of at least 20 days.

[6076] A "cell culture” means the exiraceliular culiure medium (fresh or
conditioned) and the mammalian cells cultured therein. "Cell culiure medium” or
"culture medium,” used interchangeably herein, is a sterile aqueous medium
suitable for growth of cells, and preferably animal cells, more preferably
mammalian cells {e.g., CHO cells), in in vitro cell culture. "Feed medium” is fresh
cell culture medium added to a cell culture after inoculation of the cells into the cell
culture medium and cell growth has been commenced.

{0678]  The term “production cultivation period” means the period during which
recombinant therapeutic protein-secreting mammalian cells are kept under
incubation conditions in the bioreactor{s) which physiclogically permit the
continued production of the therapeutic protein of inferest. In various
implementations, the production cultivation period can be atleast 10 days, or mare,
or at least 20 days, or more, e.g., 10 days, 11 days, 12 days, 13 days, 14 days, 15
days, 16 days, 17 days, 18 days, 19 days, 20 days, 21 days, 22 days, 23 days,
24 days, 25 days, 26 days, 27 days, 28 days, 29 days, 30 days, or more; or 10-20
days, or more, or 20-30 days, or more, or 30-45 days, or more, or 45-60 days, or
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maore.
(60721  During the production cultivation period, fresh sterile liquid culture
medium is automatically added into the one or more perfusion bioreactors, mixed
contemporaneously from a plurality of different concentrated medium component
solutions and an aqueous diluent. The phrase "mixed contemporaneously” means
that the concenirated medium components and diluent are mixed together to make
fresh culiure medium, only within a few seconds or minutes (< 2 minutes) of when
needed to replace volumes of medium that are removed from each of the perfusion
bioreactor(s), either as volumes of permeate or cell bleed. A bioreactor has a
characteristic mixing time, based on bioreactor and impeller design, and the
agitation rate.

(60731  In various implementations, the fresh sterile liquid culture medium is
added {o the one or more perfusion bicreactors, by injecting the plurality of different
concentrated component solutions at fixed ratios to one another, directly into the
perfusion bioreagctor(s), while an aqueous diluent (a suitable butfer or water) is also
added at varied ratio(s) relative o the plurality of different concentrated medium
component solutions, to mainiain a constant culture volume in each perfusion
bioreactor(s). Additionally, the fresh sterile liquid culture medium is added to the
one or more perfusion bioreactors, by injecting the plurality of different
concenirated component solutions and the aqueous diluent (a suitable buffer or
water) at fixed ralios relative to one another, directly into the perlusion
bicreactor(s), to maintain a constant culiure volume in each perfusion
bioreactor(s). In stilt other embodiments, the fresh sterile liquid culture medium is
added to the one or maore perfusion bicreactors, by injecting the plurality of different
concenirated component solutions and the aqueous diluent (a suitable buffer or
waler), at fixed ratios refative to one another, into a mixing chamber wherein fresh
sterile liquid culture medium is mixed contemporanecusly (in a sterile mixing
vessel fluidly connected to the bioreactor(s})) before being added to each perfusion
bioreactor(s) to maintain a constant culture volume,

[6074]  The particular ratios at which the medium components and the diluent

are suitably mixed will vary depending on the culiure medium recipe used and the
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concenirgtions of the concenirated medium components stocks used, and the
appropriate ratios can be conveniently calculated by the skilled practitioner.
[0075]  Sub-surface addition of the different concentrated medium component
solutions and aqueous diluent is preferably avoided. Delivery of all medium
compaonent solutions and aqueous diluent on demand, through separate ports, can
be accomplished manually or by using a ratio-conirolled pumping skid and
automation o maintain the culture volume in the perfusion bioreactor,

[6676]  The term "buffer” or "bulfered solution” refers to solutions which resist
changes in pH by the action of its conjugate acid-base range. Examples of useful
buffers include acetate, MES, citrate, Tris, bis-tris, histiding, arginine, succinate,
citrate, glutamate, and lactate, or a combination of two or more of these, or other
mineral acid or organic acid buffers; phosphate is another example of a useful
butfer. Salts confaining sodium, ammonium, and potassium cations are often used
in making a buffered solution.

{00777  The term "antibody", or interchangeably "Ab", is used in the broadest
sense and includes fully assembled antibodies, mongclonal antibodies (including
human, humanized or chimeric antibodies), polyclonal antibodies, multispecific
antibodies (e.g., bispecitic antibodies), and antibody fragments that can bind
antigen (e.g., Fab, Fab', F(ab))z, Fv, single chain antibodies, diabodies). Antibodies
of any isotype class or subclass, including IgG, IgM, IgD, IgA, and IgE, igG1, 1gG2,
933, IgG4, IgAt and IgA2, or any allotype, are contemplated. The term
"monocional antibody” as used herein refers 10 an antibody obtained from a
population of substantially homogeneous antibodies, i.e., the individual antibodies
comprising the population are identical except for passible naturally occurring
mutations that may be present in minor amounts.

(60781 The term “immunoglobulin® encompasses full or pariial antibodies
comprising two dimerized heavy chains (HC), each covalenily linked o a light
chain {LC); a single undimerized immunoglobulin heavy chain and covalently
linked light chain (HC+LC), or a chimeric immunoglobulin {light chain+heavy
chain)-F¢ heterotrimer (a so-called "hemibody™), or a fusion protein comprising a
dimerized or undimerized Fc domain, e.¢. a peptibody. An "immunogiobulin® is a
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protein, but is not necessarily an antigen binding protein, e.g., a carrigr antibody
which is covalently linked o a clinically relevani target-binding moiety.

(60791 In an "antibody”, each tetramer is composed of two identical pairs of
polypeptide chains, each pair having one "light" chain of about 220 amino acids
(about 25 kDa} and one "heavy” chain of about 440 amino acids (about 50-70 kDa).
The amino-terminal portion of each chain includes a "variable” ("V") region of about
100 to 110 or more amino acids primarily responsible for antigen recognition. The
carboxy-terminal portion of each chain defines a constant region primarily
responsible for effector funclion. The variable region ditfers among different
antibodies. The constant ragion is the same among different antibodies. Within the
variable region of each heavy or light chain, there are three hypervariable
subregions that help determine the antibody's specificity for antigen in the case of
an antibedy that is an antigen binding protein. The variable domain residues
between the hypervariable regions are called the framework residues and
generally are somewhalt homologous among different  antibodies.
immunoglobulins can be assigned to different classes depending on the amino
acid sequence of the constant domain of their heavy chains. Human light chains
are classitied as kappa (kappa.) and lambda (lamda.) light chains. Within light
and heavy chains, the variable and constant regions are joined by a "J" region of
about 12 or more amino acids, with the heavy chain also including a "D" region of
about 10 more amino acids. See generally, Fundamental Immunology, Ch. 7 (Paul,
W., ed., 2nd ed. Raven Press, N.Y. (1989}). An "anlibody" also encompasses a
recombinantly made antibody, and antibodies that are glycosylated or lacking
glycosylation.

[0086]  The term "light chain™ or "immunogiobulin tight chain” includes a full-
tength light chain and fragments thereof having sufficient variable region sequence
to confer binding specificity. A full-length light chain includes a variable region
domain, Vi, and a constant region domain, C.. The variable region domain of the
fight chain is at the amino-terminus of the polypeptide. Light chains include kappa
chains and lambda chains.

[6081]  The term "heavy chain” or "immunoglobulin heavy chain” includes a full-

31

SUBSTITUTE SHEET (RULE 26)



WO 2020/168225 PCT/US2020/018336

tength heavy chain and fragmenis thereof having sufficient variable region
sequence to confer binding specificity. A fuli-length heavy chain includes a variable
region domain, Vi, and three constant region domains, Cui, Crz, and Cus. The Vi,
domain is at the amino-terminus of the polypeplide, and the Cq domains are at the
carboxyl-terminus, with the Cus being closest 1o the carboxy-terminus of the
polypeptide. Heavy chains are classified as mu (i), delta (3}, gamma (y), alpha
(a), and epsilon (€), and defing the antibody's isotype as igM, IgD, igG, IgA, and
gk, respectively. Heavy chains may be of any isolype, including lgG (including
igG1, IgG2, 1gG3 and IgG4 subtypes), IgA (including IgA1 and IgA2 sublypes),
igM and IgE. Several of these may be further divided into subclasses or isotypes,
e.g. IgG1, IgG2, IgG3, IgG4, IgA1 and IgAZ.

[6082]  The term "antigen binding protein” (ABP) includes antibodies or antibody
fragments, as defined herein, that specifically bind a target ligand or anligen of
interest. An antigen binding protein, .g., 8 therapeutic protein of interest, such as
an immunoglobulin prolein, or an antibody or antibody fragment, "specifically
binds" to a target ligand or antigen of interest when it has a significantly higher
binding affinily for, and consequently is capable of distinguishing, that target ligand
or antigen, compared to its affinity for other unrelated proteins, under similar
binding assay conditions. Typically, an antigen binding protein is said o
"specifically bind" its target antigen when the dissociation constant (Ko} is 10®° M
or lower. The antigen binding protein specifically binds antigen with “high affinity”
when the Kp is 10 M or lower, and with "very high affinity” when the Kp is 107 M
or lower. "Antigen binding region” or "antigen binding site” means a portion of a
protein that specifically binds a specified target ligand or antigen.

(00831 A “chromatography system” is an arrangement of at least one enclosed
chromatography matrix, with closed conduit hardware (e.q., pipes or tubing) for
fluid ingress and egress from the at least one chromatography matrix. The
chromatography system involves one or more pumps and/or valves 1o
automatically or manually control the fluid flow rate and pressure. Chromatography
systems of the inventive process and facility can incorporate chromatography
mairices of various sorts, which the skilled practitioner knows how to select and
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use in sequence, as appropriate for the therapeulic protein of interest
Encompassed within the term “mabix” are resins, beads, nanoparticles,
nanotibers, hydrogels, membranes (e.g., membrane adsorbers (MAs)), and
monoliths, or any other physical malrix, bearing a relevant covalently bound
chromatographic ligand {e.g., Protein A, Protein G, or other affinity
chromatographic ligand, such as a target ligand, a charged moiety, or a
hydrophaobic moiety, eic.).

[6684]  The term "elution buffer” or “eluant” refers to the buler used to elute the
protein of interest reversibly bound {o a malrix. As used herein, the term "solution”
refers to either a buffered or a non-buffered solution, including water. The term
“elution pool” or “eluant pool” means the material eluted from a matrix, which
material includes the recombinant protein of interest.

{60851 The tlerms “single-use”™ or “single use componeni(s)”, used
interchangeably, means that a particular aseptic production line component, i.e., a
aseptic piece of equipment, used in the inventive automaled facility or in
performing the inventive process is constructed or configured to be employed for
a single production run {bul may be re-used if quality and aseplic sanitation can
be assured for multiple runs). The single-use component can then be disposed of
and replaced for sulisequent production runs by a ancther single-use component
of the same or modified configuration without the need for cleaning and sanitization
of the component between production runs. Examples of single-use componenis
that can be employed in the present invention include, bul are not limited to, a
perfusion  bioreactor, the first chromatography system, the second
chromatography system, the third chromatography system, the low pH or
detergent viral inactivation system, the neulralization system, the viral filtration
system, or the ultrafiliration/diafiltration system. Such single-use components can
be constructed or obtained commercially.

[0086]  The term “filter bank” or “lilter assembly system”, used interchangeably
refers 1o an apparatus that includes mulliple filler assemblies with each filter
assembly including at least one filter. A filter included in a filter assembly can be a
single-use filter and replaced after a period of time and/or afier an amount of use.
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A filter bank can be a poriable piece of equipment. For example, a filter bank can
be disposed on a filtration cart that can be moved 1o various locations in an
automated facility. The filters included in a filter bank can include a filtration system
comprising a depth filter, a 0.2 micrometer filter, a membrane filier, 2 20 nanometer
(i) filter, a viral filiration device, an ultrafiltration device, a diafiliration device, or
combinations thereof. A filter bank can be configured such that while material is
flowing through at least one filter of the filter bank, another filter of the filter bank
remains unused. In various embodiments, a filler bank can be coupled (o a diverter
valve or other flow conirol device fo control the flow of material {o the filters
included in the filter bank. The diverter valve or flow conirol device can be
pneumatically controlied.

[6087] Manufacturing biotherapeutics described herein involves  culturing
recombinant therapeutic protein-secreting mammalian cells. Such recombinant
mammalian host cells are made by fransient or stable transfection. The
biotherapeutics can be obtained by culturing the transfected or transtformed host
cells under physiological conditions allowing the cells 10 express recombinant
proteins. Most conveniently, the expressed recombinant proteins are directly
secreted into the extracellular culture medium (by employing appropriate
secrelory-directing signal peptides) and are harvested therefrom; otherwise
additional steps will be needed to isolale the expressed antibodies from a cell
gxtract.

[0088]  The transfected or transformed host cells are typically culiured by any
conventional type of culture, such as balch, fed-baich, intensified ted-batch, or
continuous. The host cells used to produce bictherapeutics or POI {(e.g., non-
glycosylated or glycosylated proteins) described herein can be cultured in a variety
of media.

(06891  The culture conditions, 1o be predetermined, such gs temperature (for
mammalian cells, typically, but not necessarily, about 37° £ 1°C), pH {typically, but
not necessarily, the cell culture medium is maintained within the range of about pH
6.5-7.5), oxygenation, and the like, will be apparent to the ordinarily skilled artisan.

By "culiuring at” or "maintaining al” a predelermined culture condition, is meant
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that the process control systems are set at a particular value for that condition, in
other words the intended volume, target temperature, pH, oxygenation level, or the
fike, maintained at predetermined set points for each parameter, within a narrow
range {i.e., “narrow deadband”) most optimal for the cell line and biotherapeutic of
interest.

00907  Typically, a viable cell density can be used from about 1.0 x 10° up to
about 2 x 108 cells/mL, for example, in the range of 1.0 x 10810 2.0 x 107 cells/mL,
or in the range of about 4 x 107 cells/mL to about 5 x 107 cells/mL, or in the range
of about 1 x 108 cefis/mL to about 2 x 10° cells/mL. It is known that increasing the
concentration of cells foward the higher end of the preferred ranges can improve
volumetric productivity. Nevertheless, ranges of cell density including any of the
above point values as lower or higher ends of a range are envisaged. The desired
scale of the recombinant expression and cell culture will be dependent on the type
of expression system and quantities of biotherapeutic desired.

{00917  Upon culturing the transiected or transformed host cells, the
recombinant polypeptide or protein is directly secreted into the medium. Harvesting
the recombinant protein involves separating it from particulate malter that can
include host cells, cell aggregates, and/or lysed cell fragments, info a cell-iree
fraction that is free of host cells and celiular debris, i.e., a cell-free "permeate.”
Such cells and cellular debris is removed from the conditicned medium, for
example, by centrifugation and/or microfiliration.  For example, (o make the
permeate, one can employ hollow fiber membranes (pore size 0.2 um) or a series
of filiration steps such as depth filtration, which can be configured on a mobile,
interchangeable and/or single use and "filtration carl”

[6092]  The purilication of recombinant proteins s usually accomplished by an
optional  series  of chromatographic steps such as  anion  exchange
chromatography, cation exchange chromatography, affinity chromatography
{using Protein A or Protein G or Protein L as an affinity ligand or ancther different
affinity ligand), hydrophobic interaction chromatography (HIC), hydroxy apatite
chromatography, Reverse Phase HPLC, and size exclusion chromatography. In
particular implementations for manufacturing biotherapeutics described herein, the
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recombinant therapeutic profein in the cell-free permeale is captured by one or
more chromatographic capture steps of a first chromatography system that can
partially purity and/or concentrate the protein, such as, but not limited to, Protein
A or Protein G or Protein L affinity chromalography, or affinity chromatography
employing a different affinity ligand covalently bound 1o a solid matrix.

{0693]  The first, second, and/or optional third chromatography system(s) are
configured as needed for the therapeutic protein of interest, preferably with one,
two, three or more different chromatographic malrices (e.g., chromalography
columns) fluidly linked in succession, and which, optionally, can be arranged in a
mobile, interchangeable, or disposable, single-use unit, skid or “cart.” In various
implementations, the second chromatography system comprises a single-use
membrane adsorber (MA), such as, a surface-functionalized membrane. Such
membrane adsorbers can involve anion-exchange groups for mAb polishing
operations in negative mode, in which trace impurities are removed without binding
the protein of inferest (so-called “flow-through chromatography”™).

[6094]  In particular implementations, processes 1o produce the biotherapsutic
herein can include switching the protein isolate fraction obtained or collected from
the first chromatography system, info a low pH or detergent viral inactivation
system, and a neutralization system (i.e., if neulralization is needed subsequent {0
viral inactivation by low pH), to obtain a virally inactivated pool comprising the
recombinant therapeutic protein.

{00951  The resulting virally inactivated pool is subsequently introduced into the
second chromalography system (in some embodiments, after being siored for at
teast 10 days or at least 20 days or at least 30 days) in a lemperature controfled
or chilled holding vessel {HV1) to obtain a punified product pool comprising the
recombinant therapeulic protein. The second chromatography system s
contigured as needed for further puritication of the therapeutic protein of interest,
preferably with one, two, three or more different chromatographic matrices (e.g.,
chromatography columns) fluidly linked in succession, and which, optionally, can
be arranged in a mobile, interchangeable, or disposable, single-use unit, skid or

“cart.”
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[00946] infroducing the virally inactivated product pool info the second
chromatography system is controlled according o a coordinated schedule with
respect o the culturing and viral inactivation steps. The coordinated schedule is
calculated to maximize the efficient routing of virally inaclivated product pool info
the second chromalography system. This loading of the virally inactivaled product
pool into the second chromatography system according to the coordinated
schedule is by automatic (continuous format) or baich-wise manual conirol (semi-
continuous format).  (See, also, Garcia, FA and Vandiver, MW, Throughput
{Optimization of Continuous Biopharmaceutical Manufacturing Facilities, PDA J
Pharm Sci Technol 71(3):189-205 (2017)).

(00971  From the second chromatography system the resulting purified product
pool comprising the recombinant therapeutic protein is switched fluidly into an
optional third chromalography system and/or a viral filiration sysiem o obtain a
virus-free filtrate comprising the recombinant therapeautic protein. Switching of the
purified product pool into the optional chromatography system and/or viral filtration
system is by automatic or manual control. The optional third chromatography
system is configured, as needed for further purificalion of the therapeutic protein
of interest, preferably with one, two, three or more different chromatographic
matrices (e.g., chromatography columns) fluidly linked in succession, and which,
optionally, can be arranged in a mobile, interchangeable, or disposable, single-use
unit, skid or “cart.” I a third chromatography system is not employed in the
inventive process {or facility), then the purified product pool is switched and flows
fluidly directly to the viral filiration system. Useful viral systems are commercially
available, including single-use viral filtration systems.

[0098]  The resulting virus-free filtrate containing the purified therapeutic protein
of interest is subsequently swiiched fluidly into an ultraliltration/diafiltration system
to obtain the purified therapeutic protein drug substance comprising the puriied
recombinant therapeutic protein drug substance. Switching of the virus-free filtrate
into the ulirafiltration/diafiltration system is by automatic or manual control,

(60997  In scenarios where multiple single-use perfusion bioreactors are utilized
in a facility for the production of a purified therapeutic protein drug substance,
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mulliple operations performed with respect (o each bioreactor can be performed
concurrently. For example, while an uliraliliration/diafiltration operation is taking
place with respect to the virus-free fillrate produced from a first perfusion
bioreactor, a chromatography operation can be performed with respect to a virally
inactivated product pool produced by the viral inactivation system (and, if neaded,
the neutralization system). The viral inactivation system can produce this virally
inactivated pool by processing a profein isolate fraction that is received after
processing by the first chromatography system of cell-free permeate derived from
culturing in a second single-use perfusion bioreactor. In another example, while an
ultrafiltration/diafiltration operation is taking place with raspect o the virus-free
filtrate ultimately produced by the inventive method from culturing in a first single-
use perfusion bioreactor, a viral filtration operation can be performed with respact
to a virally inactivated pool ultimalely produced by the processes herein from
culturing in a second perfusion bioreactor. In additional embodiments, at least one
chromatography process and/or viral filtration process performed on virus-free
filtrate produced from a first perfusion bioreacior can take place during continuous
chromatography capture or viral inactivation processes performed on celi-free
permeate volumes produced by a second single-use bioreactor in accordance with
the inventive process.

[60100] FIG. 5is a diagram of an architecture 500 to analyze data ¢btained from
multiple production facilities and determine operational parameters for the control
of pieces of equipment utilized in production Iines of purified bictherapeutics. The
architecture 500 can include a global control system 502 that collects and/or
analyzes data from a number of production faciliies including a first production
facility 504 and a second production facility 506. The global control system 502
can analyze dala obtained from the first production facility 504 and the second
production facility 506 fo determine control setlings for pieces of equipment
included in the first production facility 504 and the second production facility 506.
The data collected by the global control system 502 can correspond to data from
sensors that are associated with various pieces of equipment used in the
production lines of the production facilities 502, 504. The sensor data can include
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or indicale lemperalure values, pH values, dissolved oxygen values, carbon
dioxide values, capacitance values, pressure values, concenirations of one or
more substances, quantity of one or more types of cells, flow rates, or
combinalions thereof.

{00101] The first production facility 504 can include or olherwise be in
communication with a first local control system 508 and the second production
facility 506 can include or otherwise be in communication with a second local
controt system 510. The first local conirol system 508 can also be referred to hersin
as a first production facility control system and the second local control system 510
can also be referred to herein as a second production facility control system. The
first local control system 508 can analyze data obtained from pieces of equipment
included in the first production facility 504. The first local control system 508 can
also provide signals to control the operation of pieces of equipment included in the
first production facility 504. The first production facility 504 can include a number
of modular clegnrooms, such as a first modular cleanroom 512, a second modular
cleanroom 514, and a third modular cleanroom 518, Although the illustrative
example of FIG. & shows three modular cleanrooms in the first production facility
504, the first production tacility 504 can include more modular cleanrooms or fewer
modular cleanrooms. In various examples, the first production facility 504 can
include af least one of the modular cleanrcom 200 of FIG. 2, the modular
cleanroom 300 of FIG. 3, or the modular cleanrcom 400 of FIG. 4.

(001021 Inthe illustrative example of FIG. 5, the first modular cleanroom 512 can
include a first piece of equipment 518, a second piece of equipment 520, and a
third piece of equipment 522. In addition, the second modular cleanroom 514 can
include a fourth piece of equipment 524, a fitth piece of equipment 526, and a sixth
plece of equipment 528. Further, the third modular cleanroom 516 can include a
seventh piece of equipment 530 and an eighth piece of equipment 532. Although
the illustrative example of FIG. 5 shows that the modular cleanrooms 512, 514,
516 include a particular number of pieces of equipment, the modular cleanrooms
512, 514, 516 can include more or fewer pieces of equipment than the number
shown in FIG. 3.
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(301031 The pieces of equipment 518, 520, 522, 524, 526, 528, 530, 532 can
include various pieces of equipment used 1o produce purified biotherapeutics. For
example, at least one of the pieces of equipment 518, 520, 522, 524, 526, 528,
530, 532 can include a chromatography system. In another example, at least one
of the pieces of equipment 518, 520, 522, 524, 526, 528, 530, 532 can include a
bioreactor. In additional examples, at least one of the pieces of equipment can
include a perfusion system. Further, at least one of the pieces of equipment 518,
520, 522, 524, 526, 528, 530, 532 can include a filier device. In various
implementations, at least one of the pieces of equipment 518, 520, 522, 524, 526,
528, 530, 532 can include a pump device, a temperature control device, g storage
container, or combinations thereol.

(661041  The first production facility 504 can also include a number of containers
534(1}, 534(2), and 534(3). In particular implementations, the containers 534 can
be located in a staging area of the first production facility 504. The containers 534
can store solutions or other materials that can be fed info one or more of the pieces
of equipment 518, 520, 522, 524, 526, 528, 530, 532. In cerfain examples, cne or
more of the containers 534 can store buffer solutions. In additional examples, one
or more of the containers 534 can include a material produced by a modular
cleanroom 512, 514, 516. To illustrate, one or more of the containers 534 can siore
a virally inactivated pool produced by one of the modular cleanrooms 512, 514,
518 that can be fed into another one of the modular cleanrooms 512, 514, 516.
Although the illustrative example of FIG. 5 shows three containers 534 located in
the first production facility 504, the first production facility 504 can include fewer or
more containers.

[00105] Additionally, the second local control system 510 can collect and
analyze data oblained from pieces of equipment included in the second production
tacility 506. The second local conirol system 510 can also provide signals {o control
the operation of pieces of equipment included in the second production facility 504.
The second production facility 506 can produce purified biotherapeutics without
locating equipment in modular cleanrooms. The second production facility 506 can
include a fourth container 536 coupled to a ninth piece of equipment 538 with the
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ninth piece of equipment 540 being coupled 1o a tenth piece of equipment 540 that
is, in turn, coupled to an eleventh piece of equipment 542. The fourth container
536 and the pieces of equipment 538, 540, 542 can operate as at least a portion
of a production line to produce the purified bictherapeutics. In the illustrative
example of FIG. 5, the second production facility 506 can also include a fifth
container 544 and a sixth container 546 coupled (o a twelith piece of equipment
548. The twelith piece of equipment 548 can also be coupled 10 a thirteenth piece
of equipment 550 that is coupled o a fourteenth piece of equipment 552. The
fourteenth piece of equipment 552 can also be coupled to a seventh container 554.
{06106] The containers 536, 544, 546 can store various substances that are fed
into the pieces of equipment 536 and 548. In illustrative examples, at least one of
the containers 538, 544, 546 can store one or more buffer solutions. In additional
iHusirative examples, at least one of the containers 536, 544, 546 can siore cell
culture media. In particular lustrative examples, the container 544 can store
effluent from the piece of equipment 542. Additionglly, the container 554 can store
stiluent from the piece of eguipment 552. Although the illustrative example of FIG.
5 shows g particular number of pieces of egquipment and containers arranged ina
particular configuration, the second production facility 506 can include more or
fewer pieces of equipment and containers arranged in various configurations. The
pieces of equipment and the configuration of the pieces of equipment can be based
on a purified bictherapeutic being produced at the second production facility 506.
[601071 The pieces of equipment 538, 540, 542, 548, 550, 552 can include
various pieces of equipment used to produce purified biotherapeutics. For
gexample, at least one of the pieces of equipment 538, 540, 542, 548, 550, 552 can
include a chromatography system. In another example, at least one of the pieces
of equipment 538, 540, 542, 548, 550, 552 can include a bioreactor. In additional
examples, at least one of the places of equipment 538, 540, 542, 548, 550, 552
can include a perfusion system. Further, at least one of the pieces of equipment
538, 540, 542, 548, 550, 552 can include a filter device. In various
implementations, at least one of the pieces of equipment 538, 540, 542, 548, 550,
552 can include a pump device, a temperature conirol device, a storage container,
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or combinations thereof.

(601081 The architecture 500 can include a number of layers of network security
to protect the global control system 502, the first local control system 508, and the
second local control system 510 from intruders seeking to oblain and/or
manipulate data collected and/or stored by the global control system 502, the first
local control system 508, and the second local control system 510. The layers of
network security can include one or maore first firewalls 556, one or more second
firewalls 558, and one or more third firewalls 560. The firewalls 556, 558, 560 can
include hardware, software, firmware, or combinations thereof, that monitor and
control communications coming into and going out of the overall control system
502, the first local control system 508, and the second local control system 510.
The firewalls 556, 558, 560 can implement a number of security rules to allow or
block communications directed ic the overall control system 502, the first local
control system 508, and the second local conirol system 510. In various examples,
at least one of the one or more second firewalls 558 or the one or more second
firewalls 560 can be combined with the one or more first firewalls 556.

(061091  Conventional production facility control systems are typically designed
to control a preset configuration of equipment. In these scenarios, the logical and
hardware couplings belween pieces of egquipment do not change. Thus, the
identifiers and control operations that can be pertormed with respect {o each piece
of equipment are static. The implementations of production facility control systems,
such as the first local control system 508 and the second local control system 510,
described herein, support variable configurations of equipment in a production line.
in these situations, a piece of equipment can have different functionality, perform
different operations, and/or be controlled using different sets of conirol commands
and/or variables based on the location of the piece of equipment within a
production line. Thus, the production fines and control systems described herein
include software configurations and physical hardware that are different from
conventional systems.

(00110  The implementations described herein can be performed by one or more
systems that can automatically control the How of maiterial through each step of
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the process o produce purified bictherapeutics. Alternatively, al least a portion of
the control functions can be performed by operator intervention, and there may be
circumstances (especially process disruptions) that may require operalor
intervention. The control funclions can be performed using process data obtained
from sensors coupled to various pieces of equipment used in the production of the
purified biotherapeutics. The sensors can include temperature sensors, pH
sensors, flow rate sensors, weight sensors (e.g., load cells), volume sensors (8.g.,
guided wave radar sensors), pressure sensors, timers, capacilance sensors,
optical density sensors, or combinations thereof. The data generated by the
sensors can be collected locally by the pileces of equipment. In certain
implementations, the pieces of equipment can forward the sensor data to a
production facility control system. The production facility control system can collect
data from sensors of g number of pieces of equipment being used to manufacture
the purified biotherapeutics. The production facility control system can include one
or more computing devices and/or one or more data stores that are in electronic
communication with each other. At least a portion of the one or more computing
devices and/or one or more dala stores can be located in a same location, in some
scenarios. Additionally, at least g portion of the one or more computing devices
and/or the one or more dala stores can be located remotely from the eguipment
included in a production facility. In this situgtion, al least a portion of the operations
performed by the production facility control system can be implemented in a cloud
computing architecture.

{80113] The data collected from the sensors can be stored in electronic data
stores that can be referred to herein as “data historians.” In various
implementations, a first dafa historian can collect and store data for at least a
subsel of the pieces of equipment operating in the first production facility 504 and
a second data historian can collect and store data for at least g subset of the pieces
of equipment operaling in the second production facility 508. The first data
historian and the second data historian can store data for a period of time and then
forward the dafa to a third data historian that is a repository for data collected

regarding the operation of pieces of equipment coupled to first local control system
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508 and the second local control system 510, In particular implementations, the
third data historian can be coupled 1o or otherwise be in communication with the
global control system 502, In certain situalions, the first data historian and the
second daia historian can then be reset and begin collecting and storing additional
data from the first production facility 504 and the second production facility 506 for
an additional period of time. The first local control system 508 and the second local
control system 510 can also include one or more batch historians that collect and
store data related to the operation of pieces of equipment included in the first
production facility 504 and/or the second production facility 506 for the production
of particular batches of the purified biotherapeutics. The data historians can be
accessed by the global control system 502, the first local control system 508,
and/or the second local control system 510 and analyzed to determine parameters
for the opergtion of pieces of equipment included under the conirel of the control
systems 502, 508, 510.

{00112] The control systems 502, 508, 510 can analyze the data obtained from
the sensors associated with the pieces of equipment included in the first production
facility 504 and the second production facility 506 and determine operaling
conditions for one or more of the pieces of equipment. In some cases, the set
points and acceptable operating parameters, and/or run recipe for the operation of
a piece of equipment can be entered into the control systems 502, 508, 510 by an
operator. In other situations, the set points and acceptable operaling parameters,
and/or run recipe for the operation of a piece of equipment can be guiomatically
sent to one or more pieces of equipment utilized in a production line via at least
one of the control systems 502, 508, 510. Alerts and alarm notificalions can also
be generated by at least one of the control systems 502, 508, 510 based on the
sensor data oblained from pieces of equipment localed in the first production
tacility 504 and the second production facility 506. For example, in situations where
sensor data indicates that an operating condition for a piece of equipment in a
production line is outside of a threshold range, at least one of the control systems
502, 508, 510 can trigger an alarm and send notification 1o an operator.

(0011317 Various pieces of eqguipment used (o produce the purilied
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bictherapsutics can include one or more communication inferfaces that enable
communications between the pisces of equipment and/or with one or more of the
control systems 502, 508, 510. The communication interfaces can include
hardware devices, firmware devices, and/or software implemented sysiems that
enable communication of data between pieces of equipment used in a production
line and/or with at least one control system 502, 508, 510. The communication
interfaces can enable communication of data over a number of networks, such as
local area wired networks, local area wireless nelworks, wide area wireless
networks, and/or wide area wired networks. In particular examples, the
communication interfaces can include Ethernel network communication interfaces,
Internet Protocol network communication interfaces, institute of Electrical and
Electronics Engineers (IEEE) 80211 wireless network communication inferfaces,
Bluetooth communication interfaces, or combinations thereof.

{06114] The pieces of equipment used o produce the purified biotherapeutics
can include one or more processors and one or more memory devices. The one
or more processors can be central processing units, such as standard
programmable processors that perform  arithmetic and logical operalions
necessary for the operation of computing systems. The one or more memory
devices can include volatile and nonvolatile memory and/or removable and non-
removable media implemented in any type of technology for storage of information,
such as computer-readable instructions, dala structures, program modules, or
other data. Such compuler-readable storage media can include, but is not limited
to, RAM, ROM, EEPROM, flash memory or other memory technology, CD-ROM,
digital versatile disks (DVD) or other optical storage, magnelic casseties, magnetic
tape, solid state storage, magnetic disk storage, RAID storage systems, siorage
arrays, network attached storage, slorage area nelworks, cloud storage,
rermnovable storage media, or any other medium that can be used o store the
desired information and that can be accessed by the control systems 502, 508,
510 or by the individual pieces of equipment included in g preduction fine.

(6011517 The control systems 502, 508, 510 can store one or more control
modules that can be executed to control the operation of the pieces of equipment
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included in the production faciliies 504, 506. The control modules can include
computer-readable instructions that can be executed 1o cause the pieces of
equipment included in the production faciliies 504, 506 to take one or more
actions. The control modules can be part of a framework thai enables the pieces
of equipment included in the production faciliies 504, 506 to produce purified
bigtherapeutics in a continuous or semi-continuous manner. The actions
performed by various pieces of equipment included in the production faciliies 504,
506 can be relaled lo start up processes, hold processes, shutdown processes,
feed processes, or end of production processes.

[00116] Various pieces of equipment can be controlied by different sets of control
modules. For example, a perfusion system can be controlled by one or more first
control modules, a bioreactor can be controfled by 8 one or more second control
modules, and a chromatography system can be controlled by one or more third
control modules. Additionally, in particular implementations, the same piece of
equipment can be confrolied by different control modules depending on the
function of the piece of equipment within a production line. To illustrate, a storage
container that operates as a feed {ank can be controlied by one set of control
modules, while the same storage container when operating as a collection tank
can be controlled by another set of control modules.

[00117]  In particular implementations, the control systems described herein can
be used to control production lines that have fiexible configurations. That is, the
control systems 502, 508, 510 can accommodate mulliple configurations that
utilize portable equipment that can be coupled to other components of a production
fine. In various implementalions, a production line can include one or more skids
that include original manutacturer's equipment, such as a single-use bioreactor
system, a perfusion system, or a continuous chromalography system. The skids
can also include flow control devices, such as pumps. Additionally, the skids can
include one or more communication interfaces, also referred to herein as “drops,”
that enable the physical coupling of portable pieces of equipment to the skid. The
physical coupling between the portable pieces of equipment and the skid can be
achieved using electrical cabling. The electrical cabling can be configured 1o
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enable ethernet communicalions. In certain examples, the eleclrical cabling can
be Recommended Standard 232 (R5-232) cabling.

[60118] The portable pieces of equipment can include or otherwise be coupled
o a network gateway hardware device that enables communication between the
respective portable pieces of equipment and the production facility control system.
The network gateway hardware device for each portable piece of equipment can
be coupled 1o a communication interface of a respective skid. In addition, at least
some of the skids can be logically configured to be coupled 1o various pieces of
portable equipment. in this way, the pieces of portable equipment can be physically
connected to a particular skid based on the configuration of a particular production
line and the skids can be configured to operate in different configurations based
on the different pieces of equipment coupled to the skid.

[60119] Additionslly, the poriable pieces of equipment can be coupled to at least
one information communication and/or storage device, such as a dongle. The
information communication and/or storage device can store information that is
provided 1o the respective piece of equipment to which it is coupled that enables
control of the respactive piece of equipment via the production facility control
system. The information communication and/or storage device can store
information that includes one or more identifiers of a respective piece of
equipment, one or more functions of the respective piece of equipment, one or
more control signals corresponding o the respective piece of eguipment, one or
more slatus flags relaled o the respective piece of equipment, or combinations
thereof. In some examples, the data stored by the information communication
and/or storage device can be based at least partly on the functions, or a type, of
the respective piece of equipment. In situations where a portable piece of
equipment is placed in a different location along a production line and/or has a
different function, the information communication and/or storage device of the
portable piece of equipment can be swilched fo an additional information
communication and/or storage device that indicates a different funclion and a
different identifier for the portable piece of equipment.

(001207  Further, the control systems 502, 508, 510 can include an additional
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togical layer that can be used on top of conventional conirol software and systems.
in particular implementations, the control systems 502, 508, 510 can include an
additional abstraction lgyer that enables the assignment, also referred o as
“binding,” of the portable pieces of equipment {0 various identifiers, tags, operaling
conditions, and Hlags that correspond to a specified set of functions for a specific
piece of equipment at a particular location along the production line. In this way, a
piece of equipment is not logically represented in the control system until the
focation and function of the piece of equipment is known. Thus, portable pieces of
equipment can be coupled with skids in a variety of combinations without having
to change the underlying control software that is being utilized to control the
components of the skids and also control the portable pieces of equipment.
(601211  In illustrative examples, a production line included in the first production
tacility 504 or the second production facility 506 can include a first skid that
includes a single use bioreactor system, a second skid that includes a perfusion
system, and a third skid that includes a continuous first chromatography system.
in situations where skids are included in the first production facility 504, one or
more skids can be included in each of the modular cleanrooms §12, 514, 516. The
skids can be configured to couple to multiple portable pieces of portable
gquipment. For example, the skids can include interfaces and physical hardware
to couple to portable storage containers, filter banks, divert valve systems (for
switching automatically switchable alternate dual flow path or multi-flow path unit
operations), and/or other flow control devices.

{061221 In additional Hlustrative examples, a control system 502, 508, 510 can
determine that a filter bank is coupled between a perfusion bioreactor and a first
chromatography system based on information obtained from a dongle coupled to
the filter bank. In these situations, the filter bank can operate as a depth filter. The
control system 502, 508, 510 can identify one or more control modules, Hlags,
and/or status identifiers for a depth filter and execute the one or more control
modules while the filter bank is being used in a production line. The conirol system
502, 508, 510 can monitor pressure within the filter assemblies of the filter bank

based on pressure values obtained from pressure sensors included in the filier
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assemblies. Additionally, the control system 502, 508, 510 can determine that the
pressure within a first filter assembly through which maiterial is flowing has reached
at least a threshold level. The threshold level of pressure can indicale that a filler
included in the first assembly needs {0 be replaced due 0 a decrease in the
amount of material that can be processed by the filter. The control sysiem 502,
508, 510 can then send a signal io control a diverter valve coupled to the filter bank
to cause the material to flow through a second filter assembly of the filter bank.
The filter included in first filter assembly can then be replaced.

[001231 After coupling a piece of portable equipment to a skid, the piece of
portable equipment can be registered with a control system 502, 508, 510. The
piece of portable equipment can have a unique address that the piece of portable
equipment can communicate to a control system 502, 508, 510. The unigue
address can indicate g lype of the piece of porfable equipment and 3 unit identifier
1o a control system 502, 508, 510. A dongle coupled to the piece of portable
equipment can store an additional identifier that corresponds to a location of the
skid to which the portable piece of equipment is coupled and one or more functional
roles of the portable piece of equipment. For example, a mix tank can be identified
as a feed tank, or a collection tank based on the localion of the portable piece of
gquipment and the logical association of the drop to which the portable piece of
equipment is coupled. In another example, g filter bank can be identified as a viral
filtration device in g first configuration of a production line and then identified as a
digfiltration device in a second configuration of a production line. In these
situations, a first dongle can be coupled to the filter bank in the first configuration
of the production line and a second dongle can be coupled to the filter bank in the
second configuration of the production line. Additionally, the type of filler used in
the filter bank can be changed when the filier bank is used in different locations of
a production dine.

{66124] In response to obtaining the information from the portable piece of
gquipment after being coupled to the skid, a conirol system 502, 508, 510 can
determine the location and functions of the portable piece of equipment and assign
the corresponding control templates to the portable piece of equipment. For
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example, in situalions where a slorage container is funclioning as a collection tank,
a control system 502, 508, 510 can assign a first set of tags, flags, identifiers, and
sel points {0 the storage container and in situgtions where g storage container is
functioning as a feed tank, a conirol system 502, 508, 510 can assign a second
set of tags, flags, identifiers, and set points to the storage container. A control
system 502, 508, 510 can then assign a pariicular set of control modules to the
portable piece of equipment based on the information obtained from the portable
piece of equipment after being coupled to the skid.

[001251 In various embodiments, pieces of equipment that are not considered
portable, such as large storage containers (e.g., having a volume greater than
1000 L) can also be coupled to the skid. In these scenarios, the non-portable
pieces of equipment may not include the hardware and/or communication and
storage devices that enable dynamic configuration of the non-portable piece of
equipment with respect {0 a control system 502, 508, 510. if the non-portable piece
of equipment is not configured for a dynamic configuration, an operator of a control
system 502, 508, 510 can manually establish the template and/or control module
used to control the operation of the non-portable piece of equipment.

661261 In addition to the control of the pieces of equipment included in a
production line, a control system 502, 508, 510 can also track the decay rate of a
batch during production of a purified therapeutic protein drug substance. Decay
rate can be defined as "a period of time in which materials used for the production
of sub-lots can be identified and tracked." For example, the materials used (buffers,
cell culture medium, etc.} in a resulting chromatography eluate pool collection (1
of many) can be identified and tracked in a dynamic fashion. In a continuous batch
production process, a control system 502, 508, 510 can estimate the decay rate
for a production process for purified therapeulic protein drug substances. In
various implementations, a control system 502, 508, 510 can assign baich
identifiers to certain portions of the production of the batch and iniliate a decay
monitor until the current balch identifier is changed to a new batch identifier and a
new decay monitor is implemented for the new baich identifier.

(061271 In varicus implemeniations, the global control system 502 can analyze
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daia obtainaed from the first local control system 508 and the second local control
system 510 10 generate one or more models to control the operation of pieces of
equipment included in the first production faciiity 504 and/or the second production
facility 506. The global control system 502 can also analyze data obtained from
the first local control system 508 and the second local conirol system 510 to
generate one or more additional models to predict the efficiency and/or productivity
of one or more pieces of equipment and/or the efficiency and/or productivity of one
or more production lines included in the first production facility 504 and the second
production facility 506. The use of data obtained from mulliple production facilities
to predict the operation of production lines and o predict the efficiency and/or
productivity of pieces of equipment and/or production lines can lead 1o generating
more accurate models and generaiing the models more efficiently. The global
control system 502 can also analyze dala obtained from the first control system
508 and/or the second control system 510 to generate models 1o predict values of
process variables of one or more pieces of equipment included in the first
production facility 504 and the second production facility 506.

[06128] In particular, conventional production facilities are often customized and
the data gathered for each conventional production facility may only be usetul for
determining control of thal particular production facility. In contrast, the global
control system 502 can leverage similarities between production facilities to gather
sufficient quantities of relevant data more quickly than conventional systems. In
this way, the global control system 502 can generate models used in the controf of
production lines and models 1o predict the efficiency and/or productivity of
production lines more quickly, and more accuralely than with respect (o
conventional systems due 1o the increased amount of data availabie 1o the global
control system 502 that can be used 1o generate the models. Additionally, by
generating one model or a single sel of models that can be used to control
production lines and predict the efficiency and/or productivity of multiple production
facilities, the global control system 502 can minimize the computing resources
utiized in the control of a number of production facilities because different models
don’t need 10 be implemented for different production facilities. Additionally, a
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single conirol system can implement a mode! for multiple production faciiities.
(601291 In particular implementations, the global control system 502 can obiain
data from the first local control system 508 that indicales variocus process
conditions for one or more production lines included in the first production facility
504. The process conditions can corespond to data obtained by sensors
associated with pieces of equipment in the one or more production lines. In some
Hustrative examples, the process conditions can correspond to pH values,
temperature values, capacitance values, flow rales, volumes, mass/weight values,
conceniration of one or more substances, cell counts, or combinations thereof. The
global control system 502 can analyze the data oblained from the first local control
system 508 to determine a number of factors that are indicators of efficiency and/or
productivity of the one or more production lines. In various implementations, the
global control system 502 can determine a significance for individual factors based
on the data obtained from the first production facility and identily factors having a
significance above a threshold level. The giobal control system 502 can then
generate a model with variables that correspond {o the faclors having at least a
threshold significance. In this way, the global conirol system 502 can generate a
model that can be implemented to predict an efficiency and/or productivity based
on factors that have at least a threshold amount of impact on the efficiency and/or
productivity of the one or more production lines.

{60138  The global control system 502 can utilize one or more maching leaming
technigues to determine that factors having at least a thresheld amount of impact
on the efficiency and/or productivity of the one or more production lines of the first
production facility 502. For example, the gicbal control system 502 can utilize
inferential modeling techniques to determine the factors having at least a threshold
amount of impact on the efficiency and/or productivity of the one or more
production lines of the first production facility 502. In illustrative examples, the
global control system 502 can implement partial least squares techniques to
determine factors that have at least a threshold amount of impact on the
productivity and/or efficiency of one or more production lines included in the first
production facility 504. In additional illustrative examples, the global control system
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502 can implement polynomial lag techniques o determine factors that have at
least a threshold amount of impact on the productivity and/or efficiency of one or
more production lines included in the first production facility 504. The giohal control
system 502 can also determine coeflicients corresponding to each of the faciors
included in the model. The coefficients can indicate an amount of impact of the
respective factors on the productivity andior efficiency of the one or more
production lines.

[60131]  In various implementations, the global control system 502 can analyze
data obtained from the first production facility 504 over a first period of time using
a partial least squares technique to determine the one or more factors having at
least a threshold impact on the production and/or efficiency to include in a model
and then utilize data obtained over a second period of time, subsequent to the first
period of fime, to validate the model. In particular examples, the global control
system 502 can analyze data obtained from the first production facility 504 for a
period of at least two days before a set date and/or time using a partigl least
squares technigue and generate a model based on the data obtained during that
period of lime. The global control system 502 can then ulilize data obtained for a
period of time of at least one day ailer the set date and/or time to validate the
model.

{00132] The global control system 502 can modify the faciors included in the
model and/or the coefficients associated with the factors as data oblained from the
first production facility 504 changes over time. For example, the global control
system 502 can make changes {o the faclors included in a model based on
changes (o data obtained from the first production facility 504. To illustrate, the
global control system 502 can determine that a different set of faciors have a
threshold amount of impact on the productivity and/or efficiency of a production
fine than an initial set of factors identified by the global conirol system 502. In these
situations, the global control system 502 can modify the {actors included in a model
used to predict the efficiency and/or productivily of the production line. In additional
examples, the global control system 502 can determine that coeflicients of a model
are to be modified based on changes o data obtained by the global control sysiem
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502 from one or more production lings of the first production facility 504. In some
implementations, the global control system 502 can utilize a rolling window of time
to continually update a model That s, the global conirol system 502 can
periodically analyze dala obiained from the first production facility 504 over a
predetermined amount of time and modify one or more of the factors and/or
coefficients included in the model based on changes to the data obtained from the
first production facility 504.

[60133]  Invarious implementations, the global control system 502 can determine
that factors such as a previous day’s viable cell density, cell viability, dissolved
oxygen readings, carbon dioxide levels, temperaiure, and/or pH have at least a
threshold impact on one or more production lines included in the first production
facility 504. In particular examples, the data analyzed by the global control system
502 to determine the faciors to include in a model can be obtained from a
bioreactor included in the first production facility 504. In additional examples, the
data analyzed by the global control system 502 to determine the faclors included
in a model can be obtained from one or more chromatography systems. In still
other examples, the data analyzed by the global control system 502 10 determine
factors included in a model can be obtained from one or more filter banks, one or
more storage containers, one or more temperature control devices, one or more
pumping devices, or combinations thereof.

[60134] In some implementalions, the global conirol system 502 can determine
a model for individual pieces of equipment included in a production line of the first
production facility 504. Further, the global control system 502 can determing a
model for a single production ling that includes a plurality of pieces of equipment.
Additionally, as the configuration of a production line changes, the global control
system 502 can generate a different model for the different configurations of g
production fine. The factors included in the models generated by the global control
system 502 can also be based at least partly on bioreactor volume, purified
biotherapeutic produced by a production fine, cell line ufilized to produce a
biotherapeutic, a measure of productivity and/or efficiency predicted, and/or
whether the process is a periusion process or a baich process. Examples of
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measures of productivity and/or efficiency for a production line can include yield,
titer, purity, and viable cell density. A model can be generated by the global control
aystem 502 for a single measure of productivity and/or efficiency, in some
situations, while in other scenarios, the global control system 502 can generate a
model for mulliple measures of productivity and/or efficiency of a production line.
[00135] in particular illustrative examples, the global control system 502 can
gbtain data from a 2-liter fed-baich bioreactor and generate a model to pradict
future viable cell density for the 2-liter fed-batch bioreactor thal includes factors
corresponding 1o at least one of a previous day’s viable cell density, cell viability,
dissolved oxygen levels, carbon dioxide levels, temperature, pH, or time since last
viable cell density measurement. In other illustrative examples, the global control
system 502 can obtain data from a perfusion bioreactor and generaie a model for
the perfusion bioreactor to predict future viable cell density that includes faciors
corresponding 1o at least one of perfusion rale, previous day’s viable cell density,
and cell viability.

001361 The global control system 502 can also analyze data obtained from the
first local controf system 508 {o determine faciors that have an effect on the faciors
that have an impact on the efficiency and/or productivity of a production line
producing purified biotherapeutics. In implementations described herein, factors
that can be indicators of efficiency and/or productivity of a process can be reterred
to as “process variables”, while faciors that can impact the process variables can
be referred to as “control variables”. In particular implementations, control
variables can be related to a control setling of a piece of equipment included in a
production line. For example, temperature can be impacted by modilying a
temperature setling on a piece of equipmeni, such as a bigreactor or a heat
exchanger. In additional examples, pH can be impacted by adding an acidic buffer
solution or g basic bufier solution to a piece of equipment, such a5 a bioreactor, a
chromatography system, or a storage container. In various implementations, at
least a portion of the control variables for a given process variable can be the same
as the control variables for another process variable, while in additional scenarios,

at least a portion of the control variables for a specified process variable can be
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different from the control variables for an additional process variable. To illustrate,
at least one of the control variables having an impact on dissolved oxygen levels
can be different from at least one of the control variables having an impact on cell
viability.

{001371 The control variables that can be modified to impact one or more
process variables may not be directly related. In a particular example, a process
having a cell density that is less than a minimum threshold may not have a higher
cell density in response o increasing a number of cells added to the process.
Additionally, a process having a cell density above a maximum threshold may not
have with a lower cell density in response to decreasing a number of cells removed
from the process, such as by increasing the bleed rate. In these situations,
machine learning technigues can be implemented with respeact to data obtained by
the global control system 502 from the first local control system 508 to determine
control variables that can have af least a threshold amount of impact on one or
more process variables. In some implementations, inferential machine learning
techniques, such as partial least squares techniques, can be used to determine
one or maore control variables that correspond o individual process variables.
[00138] Models generated by the global control system 502 using data obtained
from the first local control system 308 can also be utilized with respect o other
production lines included in additional production facilities. For example, models
generaled by the global control system 502 using data obtained from the first local
control system 508 can be utilized with respect {o one or more production lines
included in the second production facility 506. Additionally, the global control
system 502 can generale one or more models o predict efficiency and/or
productivity of one or more production lines of the first production facility 504 and
the second production facility 506 using dala oblained from both the first local
control system 508 and the second local control system 510,

(661391 The global control system 502 can also generate models that predict
values of various process varigbles that can be used when determining control
parameters and/or settings for pieces of equipment included in a production line.
in particular implementations, the dala oblained from the first local conirol system
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508 and/or the second local control system 510 can be analyzed to delermine
factors that are significant in predicting values of process variables and include
factors having at least a threshold amount of significance in models to predict
process value variables. The global conirol system 502 can then compare the
predicied values for process variables to various thresholds for those process
variables. The thresholds for process variables can indicate when action should
be taken with respect {0 a particular piece of equipment or process. In this way, in
situations where one or more process variables are outside of specified threshold
values, the global control system 502 can determine one or more actions that can
be performed based on the values of the process variables with respect to the
threshold values. In various implementations, the global control system 502 can
determine ong or more actions that can be performed {0 move the values for the
process variables back 1o being within the threshold values.

(001467  In various implementations, the global control system 502 can generate
models o determine the productivity, efficiency, and/or control of production lines
in facilities having a similar configuration of a production line. A configuration of a
production line can be similar to ancther configuralion when the pieces of
equipment included in the production line are of a same or similar type and/or
arranged in a same or similar order. Also, the global control sysiem 502 can
generate models to determing productivity, efficiency, and/or control for individual
pieces of equipment included in multiple production facilities. That is, the global
control system 502 can determine g model {o predict the productivity, efficiency,
and/or control of a bioreactor that is included in multiple production faciiities. In
various implementations, the model can predict the productivity, efficiency, and/or
control of a bicreactors having a same or similar size and/or manufactured by a
same manufacturing company that are included in multiple production facilities,
such as the first production facility 504 and the second production facility 506. In
additional exampiles, the global control system 502 can predict the productivity,
efficiency, and/or control of continuous chromatography systems having a same
or similar size and/or manufactured by a same manufacturing company that are

included in multiple production facilities. In certain situgtions, the global control

57

SUBSTITUTE SHEET (RULE 26)



WO 2020/168225 PCT/US2020/018336

sysiem 502 can generale models that account for the number of chromatography
columns included in the chromatography systems, the length of columns of the
chromatography systems, a size and/or molecular weight of molecules being
processed by the chromatography systems, or combinations thereof.

{00141] In particular implementations, the global control system 502 can
generate models for different phaszes of growth in a bioreactor. For example, the
global conirol system 502 can generate a first model to predict the productivity,
efficiency, and/or control of a growth phase of bioreactors included in one or more
production facilities. In additional examples, the global conirol system 504 can
generate a second model (o predict the productivity, efficiency, and/or control of a
steady-state phase of bioreactors included in one or more production facilities.
(601421 Further, the global control system 502 can determine periods of time
when one or more models can be applied with respect {o the productivity,
efficiency, and/or control of one or more pieces of equipment included in
production lines of the first production facility 504 and/or the second preduction
facility 506. The global control system 502 can also determine periods of time when
one or more models are not applicable with respect to the productivily, efficiency,
and/or control of one or more pieces of equipment included in production lines of
the first production facility 502 and/or the second production facility 506. To
illustrate, the global control system 502 can determine parameters corresponding
to conditions where the accuracy of the predictions made by models generated by
the global control system 502 is gabove g threshold level of accuracy. In some
Hustrative examples, the global control system 502 can determine values of
temperatures, pH values, flow rates, cell culiure media, end products, equipment
used in production lines, viable cell density values, carbon dioxide levels, dissolved
oxygen levels, or combinations thereol, that are applicable to a given model. In
situations where the conditions for a process are outside of those that are
applicable to one or more models, the global control system 502 can determine
one or more defaull modes of operation and/or send 3 notification to an operator
indicating that the process conditions are outside of those for which one or more
models generated by the global control system 502 are applicable.
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{00143] The global conirol sysiem 502 can also determine data points that may
be missing from the data obtained from the first local control system 508 and the
second local control system 510, For example, the global control system 502 can
obtain data periodically from the first local control system 508 and the second local
control system 510. In some situations, at least a portion of the data expecied to
be received by the global conifrol system 502 may not be received. In these
scenarios, the global control system 502 can generate models and/or perform
calculations related to the control of the first production facility 504 and/or the
second production facility 506 without the missing data. In other implementations,
the global control system 502 can estimate the missing data. To Hlustrate, the
global control system 502 can utilize previous data to estimate the missing data.
in an illustrative example, the global control system 502 can fill in the missing data
using an average of previous values over a pericd of time. In other Hustrative
exampies, the global control system 502 can ll in the missing data by replicaling
one or more previous values. In a particular illustrative example, the global control
system 502 can determine that one or more pH values are missing from a
bioreactor included in the first production facility 504, The global control system
502 can utilize previous values of the pH of the bioreactor to fill in the missing data
and the global control system 502 can implement one or more models related to
the productivity, efficiency, and/or control of the bioreactor using a data set that
includes the missing data. In particular implementations, the global control system
502 can determine that missing data needs 1o be filled in when a threshold amount
of data is missing, such as a threshold number of data points being missing over
a specified period of time.

[00144] Although the iHustrative example of FIG. 5 includes a first production
facility 504 and a second production facility 506, the global control system 502 can
generate models to predict the productivity, efficiency, and/or control of more
production faciliies. Additionally, the global control system 502 can generate
models that are applicable to mutltiple production tacilities that include production
lines located in modular cleanrooms. The global control system 502 can also
produce models that are applicable to multiple production facilities that include
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production fines that are not localed in modular cleanrooms. In still additional
situations, the global control system 502 can produce models that are applicable
to both production facilities having production lines that gre localed in modular
cleanrooms and production facilities having production lines that are not localed in
modular cleanrooms. Further, the global control system 502 can generate models
that can be used in relation to the first production facility 504 and the second
production facility 506 and pass the models to the first local control system 508
and the second local control system 510. In these scenarios, the first local control
system 508 and the second local control system 510 can analyze data obtained
from pieces of equipment located in the first production facility 504 and the second
production facility 506 and apply the data to the models provided by the global
control system 502, In this way, the calculations performed o implement models
with respect to the first production faciity 504 and the second production facility
506 can be performed by the first local control system 508, the second local control
system 510, and/or the giobal control system 502.

001457 FIG. 6 is a diagram of a layout of a production facility 600 that includes
a number of modular cleanrooms thal include pieceas of equipment that are used
to produce one or more biotherapeutics. For example, the production facility 600
can include a first modular cleanroom 602. The first modular cleanroom 602 can
include at least one bicreactor that can produce a biotherapeutic, such as a
recombinant therapeutic protein, using cell culiure media, cell growth material, and
one or more buffer solutions. In one or more examples, the first moedular cleanroom
602 can include additional pieces of equipment. In various implementations, the
first modular cleanroom 602 can include a perfusion system. In additional
implementations, the first modular cleanroom 602 can include a continucus
chromatography system o process effluent produced by the bioreactor. In one or
more iHlustrative examples, the first modular cleanroom 602 can include equipment
to virally inactivate effluent produced by the bioreactor. To illustrate, the first
modular cleanroom 602 can inciude one or more pumping devices and one or
more storage containers that store effluent produced by the bioreactor such that
the one or more pumping devices can supply an acid or a detergent to malerial
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stored in the one or more storage containers to produce a virally inactivaied pool.
(001461 In the Hlustrative example of FIG. 6, the production facility 600 can also
include a second modular cleanroom 604 and a third modular cleanroom 606. The
second modular cleanrcom 604 can include a first additional bioreactor and the
third modular cleanrgom 606 can include a second additional bioreactor. The first
additional bioreactor included in the second modular cleanrcom 604 and/or the
second additional bioreactor included in the third modular cleanvoom 606 can be
used o produce a same bictherapeutic as the bioreactor located in the first
modular cleanroom 602. In various implementations, the first additional bioreactor
included in the second modular cleanroom 604 and/or the second additional
bioreactor included in the third modular cleanroom 606 can operate concurrently
to produce a biotherapeutic. In additional implementations, the first additional
bioreactor included in the second modular cleanrcom 804 and/or the second
additional bioreactor included in the third modular cleanrocom 606 can operaie ina
serigh manner such that after the bioreactor included in the first modular cleanroom
802 has produced an amount of a biotherapsutic, at least one of the first additional
bioreactor included in the second modular cleanroom 604 or the second additional
bioreactor included in the third modular cleanroom 606 can produce an additional
amount of the biotherapeutic.

[00147]  In further implementations, at least one of the first additional bioreactor
included in the second modular cleanroom 604 or the second additional bioreactor
included in the third modular cleanroom 606 can be used to produce g
biotherapeutic that is different from the biotherapeutic produced by the bioreactor
included in the first modular cleanrcom 602, In one or more implementations, the
second modular cleanrocom 604 and/or the third modular cleanrcom 606 can
include pieces of equipment in addition to a bioreactor, such as one or more
chromatography sysiems, one or more slorage confainers, one or more pumping
devices, one or more perfusion systems, one or more filter devices, or one or more
combinations thereol. In one or more illustrative examples, at least one of the first
modular cleanroom 602, the second modular cleanrcom 604, or the third modular
cleanroom 606 can include an arrangement of pieces of equipment that
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corresponds to the arrangement of equipment described with respect to FIG. 2.
(601481 The production facility 800 can also include a fourth modular cleanroom
608. The fourth medular cleanroom 608 can include equipment thal can be used
to purify material produced by one or more pieces of equipment located in af least
one of the first modular cleanroom 602, the second modular cleanroom 604, or the
third modular cleanroom 606. For example, the fourth modular cleanroom 608 can
include one or more chromatography systems. In various examplss, the one or
more chromatography systems located in the fourth modular cleanroom 608 can
purify virally inactivated material transferred from at least one of the first modular
cleanroom 602, the second modular cleanroom 604, or the third modular
cleanrgom 606. In one or more implementations, the fourth modular cleanroom
608 can include equipment to produce virally inactivated material that is then
purified using one or more chromatography systems located in the fourth modular
cleanroom 608, Additionally, the fourth modular cleanroom 608 can include one or
more viral filtration devices. The one or more viral filiration devices can produce a
virus-iree fillrate. In one or more illustrative examples, the arrangement of pieces
of equipment included in the fourth modular cleanroom 608 can correspond (o the
arrangement of equipment described with respect to FIG. 3.

[00149] Further, the production facility 600 can include a fifth modular cleanroom
610. The fifth modular cleanroom 610 can include one or more additional filtering
devices that can perform one or more filtering operations in relation {o the virus-
free filtrate produced by equipment located in the fourth modular cleanrocom 608.
To illustrate, the fifth modular cleanrocom 810 can include one or more filtering
devices to perform one or more ultrafiliration operations. In one or more
implementations, the fifth modular cleanroom 610 can include one or more filtering
devices 1o perform one or more diafiliration operalions. The production facility 800
can also include a sixth modular cleanroom 612 that can include one or more
pieces of equipment o perform at least one of one or more ulirafiltration operations
or one or more diafiltration operations with respect o virus-free filtrate produced
by the equipment located in the fourth modular cleanroom 608. The equipment
located in the fifth modular cleanroom 610 and the equipment located in the sixth
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modular cleanroom 612 can operalion concurrently to process virus-free filtrate
produced by equipment located in the fourth modular cleanrgom 608. in additional
implementations, the equipment incaled in the fifth modular cleanroom 610 and
the equipment locaied in the sixth modular cleanroom 612 can operale at different
timas or in a serial manner 1o process virus-free filtrate produced by equipment
located in the fourth modular cleanroom 608. In one or more illustrative examples,
the arrangement of equipment located in at least one of the fifth modular
cleanrocom 610 or the sixth modular cleanroom 612 can correspond (o the
arrangement of equipment described with respect to FIG. 4.

[0015¢] Additionally, the production facility 600 can include a seventh modular
cleanrgom 614. The seventh modular cleanroom 614 can include one or more
pieces of equipment to perform one or more cell expansion operations. In various
examples, the cells produced by pieces of equipment included in the seventh
modular cleanvoom 614 can be used by one or more bioreactors included in the
first modular cleanroom 602, the second modular cleanroom 604, and/or the third
modular cleanroom 606.

[60151]  Individual modular cleanrooms 602, 604, 606, 608, 610, 612, 614, can
have the same or similar dimensions. In additional implementations, one or more
of the modular cleanrooms 802, 604, 606, 608, 610, 612, 614 can have different
dimensions from at least one other modular cleanroom 602, 604, 606, 608, 610,
612, 614. In one or more illustrative examples, the modular cleanrgoms 602, 604,
606, 608, 610, 612, 614 can have an area from about 15,000 #i? to about 50,000
ft2. Additionally, the modular cleanrooms 602, 604, 606, 608,610,612, 814 can be
operaied in accordance with one or more cleanroom standards. For example, an
environment of af least one of the tifth modular cleanrcom 610, the sixth modular
cleanroom 612, or the seventh modular cleanroom 614 can be maintained
according 1o IS0 7 cleanroom standards. In addition, an environment of the fourth
modular cleanroom 608 can be maintained according to 18O 8 cleanroom
standards. In some situations, an environment of the fourth modular cleanroom
808 can be maintained according to 1580 8 cleanrcom standards. In one or more

implementations, an environment in al least one of the first modular cleanroom
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602, the second modular cleanroom 604, or the third modular cleanroom 606 can
be maintained according to 150 8 or 150 7 cleanroom standards.

[60132]  Further, although the production facility 800 shown in the iHlustrative
example of FIG. 6 includes seven modular cleanrooms arranged according to a
particular layout, in one or more additional implementations, the production facility
600 can include a different number of modular cleanrooms arranged according to
one or more different layouts. In addition, the modular cleanrooms 602, 604, 606,
608, 610, 612, 614 can be positioned differently than shown in the illustrative
exampie of FIG. 6.

{06153] The production facility 600 can also include a staging area 616. The
staging area 616 can include storage containers that can store material that is o
be transferred into equipment located in one or more of the modular cleanrooms
602, 604, 806, 608, 610, 612, 814. In addition, the staging area 616 can include
one or more storage containers that can store material that is transferred out of
one or more of the modular cleanrooms 602, 604, 606, 608, 610, 612, 614. In
various examples, one or more siorage containers located in the staging area 616
can be coupled (o at least one port of at least one of the modular cleanrooms 602,
8604, 606, 608, 610, 612, or 614 to transfer matenal info or out of one or more
respeactive modular cleanroom 602, 604, 606, 608, 610, 612, 614,

[00154] The production facility 600 can also include g number of additional areas
that can support the operations performed by equipment located in one or more of
the modular cleanrooms 602, 604, 606, 608, 610, 612, 614. For example, the
production facility 600 can include a first area 616 that can correspond to quality
control and/or shipping or labeling control. In various examples, quality control
sampies can be obtained with respect {o one or more pieces of equipment included
in at least one of the modular cleanrooms 602, 604, 606, 608, 610, 612, 614. The
guality control sampiles can then be {ested in a quality control area 616.

{00155] In addition, the production facility 600 can include a second area 618
that can correspond {0 a preparation area. To illustrate, at least one of buffer
solutions and/or cell culture media can be prepared in the second area 618. The
production facility 600 can also include a third area 620 that can correspond to a
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washing and cleaning area. Equipment utilized in the production and/or storage of
one or more bictherapeutics can be cleaned and/or sterilized in the third area 620.
in one or more implementations, the production facility 600 can include a fourth
area 622 thal can correspond to a welighing and/or storage area. For example, the
fourth area 622 can be used to weigh material that is fransferred into one or more
ot the modular cleanrooms 602, 604, 808, 608, 610, 612, 614. The fourth area 622
can also be used o weigh material that is transferred out of one or more of the
modular cleanrooms 602, 604, 806, 608, 610, 612, 614. Additionally, the fourth
area 622 can include one or more storage comainers that store material that is
used by one or more pieces of equipment included in at least one of the modular
cleanrooms 602, 604, 606, 808, 610, 612, 614. Further, the fourth area 622 can
include one or more storage containers that store material that is produced by
equipment included in at least one of the modular cleanrcoms 602, 604, 606, 608,
610, 612, 614,

{60156] Although the illustrative example of FIG. & shows that the production
facility 800 includes four additional areas 616, 618, 620, 622, in additional
implementations, the production facility 600 can include further areas in which one
or more operations take place. For example, the production facility 600 can include
at least one of office space, one or more shipping areas, one or more receiving
areas, one or more waste disposal areas, one or more warehouse areas, and so
forth. Alsg, although various operations have been described in relation o a
respeclive area 616, 618, 620, 622, these operalions can take place within or
outside of the respective areas 616, 618, 620, 622. Furthermore, operations
described in relation (o one of the respeclive argas 616, 618, 620, 622 can be
consolidated into another one of the respective areas 616, 618, 620, 622, in
various implementations. In addition, although the additional areas 616, 618, 620,
622 are shown as having a respective size within the production facility 600, the
relative area associated with the respective areas 616, 618, 820, 622 can differ
from that shown in the illusirative example of FIG. 6.

(0015371  In one or more illustrative examples, as at least one of the bioreactor
included in the first modular cleanroom 602, the first additional bioreactor included

65

SUBSTITUTE SHEET (RULE 26)



WO 2020/168225 PCT/US2020/018336

in the second modular cleanroom 604, or the second additional bioreactor included
in the third modular cleanroom 606 have completed a production run for a first
biotherapeutic, al least one of the bioreactor included in the first modular
cleanroom 602, the first additional bioreactor included in the second modular
cleanroom 604, or the second additional bioreactor included in the third modular
cleanroom 606 can be used in a production run o produce a second, different
bigtherapeutic. In these scenarios, equipment can be moved inte and/or out of one
or more of the modular cleanrooms 602, 604, 606, 608, 610, 612, 614. For
example, at least one of a pumping device, a filter device, a chromatography
system, or a storage conlainer can change locations within the production facility
such that the equipment included in one or more of the modular cleanrooms 602,
604, 606, 608, 610, 612, 614 is suitably arranged to produce the second
bictherapeutic. In various examples, a different bioreactor can be used {o produce
the second biotherapeutic while equipment included in one or more processes that
are downsiream from the bioreactor can be similar or the same as the processes
performed to produce the initial biotherapeutic. To illusirate, a first biotherapeutic
can be produced by the bioreactor included in the first modular cleanroom 602 and
the purification and post-viral operations can be performed by equipment included
in the fourth modular cleanroom 608 and the fifth modular cleanroom 610,
respectively. Additionally, the second biotherapeutic can be produced by the first
additional bioreactor included in the second modular cleanroom 804 and the
purification operations can also be performed by equipment included in the fourth
modular cleanroom 608. Subsequent post-viral operations can be performed by
gquipment included in the fifth modular cleanroom 610 or the sixth modular
cleanrcom 612, In one or more implementiations, before equipment included in at
least one of the fourth modular cleanroom 608, the fifth modular cleanroom 610,
or the sixth modular cleanroom 612 is reused 1o produce the second bictherapeutic
one or more cleaning operations can take place with respect o the equipment
included in at least one of the fourth modular cleanroom 608, the fifth modular
cleanroom 610, or the sixth modular cleanroom 612 before the second
biotherapeutic is produced. Further, before equipment included in at least one of

66

SUBSTITUTE SHEET (RULE 26)



WO 2020/168225 PCT/US2020/018336

the fourth modular cleanroom 808, the hifth modular cleanroom 810, or the sixth
modular cleanroom 612 is reused to produce the second biotherapeutic, single-
use componenis can be replaced with respect io the equipment included in al least
one of the fourth modular cleanroom 608, the fifth modular cleanroom 610, or the
sixth modular cleanroom 612 used o produce the second biotherapeutic.

{00158] In various implementations, the transfer of equipment and/or material
throughout the production facility can be tracked using identifiers that are assigned
to respective pieces of equipment, identifiers thal are assigned to respective
samples, identifiers that are assigned to respective storage containers, or one or
more combinations thereof. In illustrative examples, individual identifiers can be
encoded by at least one of an alphanumeric identifier, a barcode, a quick response
(QR} code, or radio frequency identification (RFID). In this way, as materials and
equipment change locations within the production facility 600, the respective
characteristics of the materials and equipment can be identified at a given time.
601591 FIG. 7 illustrates some implementations of a system 700 to control
production lines that produce a purified biotherapeutic. The system 700 includes a
global system 502 that can be implemented by the one or more computing devices
702. In some implementations, the one or more computing devices 702 can be
included in a cloud computing architecture that operates the one or more
computing devices 702 on behalf of an entity implementing the global control
system 502. In these scenarios, the cloud computing architecture can instantiate
one or more virtual machine instances on behalf of the entity implementing the
global conirol system 502 using the one or more computing devices 702. The cloud
computing architecture can be located remote from the entity implementing the
global control system 502. In additional implementations, the one or more
computing devices 702 can be under the direct control of the entity implementing
the global control system 502. For example, the entily implementing global control
system 502 can maintain the one or more computing devices 702 to perform
operations related to generating one or more medels related to the efficiency,
productivity, and/or control of pieces of equipment included in a production line {o

produce one or more biotherapeutics. In various implementations, the one or more

67

SUBSTITUTE SHEET (RULE 26)



WO 2020/168225 PCT/US2020/018336

computing devices 702 can include one or more server compuiers.

(601601 The global control system 502 can include one or more processors, such
as processor 704, The one or more processors 704 can inciude al least one
hardware processor, such as a microprocessor. In some cases, the one or more
processors 704 can include a central processing unit (CPU), a graphics processing
unit (GPU), or both a CPU and GPU, or other processing units. Additionally, the
one or more processors 704 can include a local memory that may store program
modules, program data, and/or one or more operaling systems.

[001611 In addition, the global conirol system 502 can include one or more
computer-readable storage media, such as computer-readable storage media 706.
The computer-readable storage media 706 can include volatile and nonvolatile
memory and/or removable and non-removable media implemented in any type of
technology for storage of information, such as computer-readable insiructions,
data structures, program modules, or other data. Such computer-readable storage
media 706 can include, but is not limited to, RAM, ROM, EEPROM, tlash memory
or other memory technology, CD-ROM, digital versatile disks (DVD) or other
optical storage, magnetic cassetles, magnetic tape, solid state storage, magnelic
disk storage, RAID storage systems, storage arrays, network attached storage,
siorage area networks, cloud storage, removable siorage media, or any other
medium that can be used to store the desired information and that can be accessed
by a computing device. Depending on the configuration of the global control
system 502, the computer-readable storage medig 706 can be 3 type of tangible
computer-readable storage media and can be a non-transitory storage media.
[00162] The global contral system 502 can include ong or more communication
interfaces 708 to communicate with other computing devices via one or more
networks (not shown), such as one or more of the Internet, a cable network, a
satellite network, a wide area wireless communication network, a wired local area
network, a wireless local area network, or a public switched ielephone network
(PSTN).

[60163] The computer-readable storage media 706 can be used {o siore any

number of functional components that are execuiable by the one or more
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processors 704, In many implementations, these functional componenis comprise
instructions or programs that are executable by the one or more processors 704
and thal, when executed, implement operational logic for performing the
operations alfribuied to the global control system 502, Functional components of
the global control system 502 that can be executed on the one or more processors
704 for implementing the various functions and fealures related to the control and
operation of production lines producing biotherapeutics, as described herein,
include process data collection instructions 710, system control instructions 712,
process data analysis instructions 714, and model generating instructions 710.
{06164] Additionally, the one or more computing devices 702 can include one or
more input/output devices (not shown). The one or more input/output devices can
include a display device, keyboard, a remote controlier, a mouse, a printer, audio
inpul/output devices, a speaker, a microphone, a camera, and so forth

(001651 The global control system 502 can also include, or be coupled {0, adata
store 718 that can include, but is not limited 1o, RAM, ROM, EEPROM, flash
memory, one or more hard disks, solid state drives, optical memory (e.g. CD,
DVD}, or other non-transient memory technologies. The dala siore 718 can
maintain information that is utilized by the global control system 502 to perform
operations relaled o the conirel and operalion of production lines thal produce
biotherapeutics. For example, the data store 718 can store process data 720 and
control modules 722, The process data 720 can include values obtained from
sensors coupled to pieces of equipment included in a production line for producing
a biotherapeutic. The conirol modules 722 can include instructions for the control
of various pieces of equipment that can be included in a production ling that
produces a biotherapeutic. The control modules 722 can include setpoints,
threshold values, siatus Hags, tags, identifiers, equipment characteristics,
combinations thereof, and the lke. In some examples, the equipment
characteristics can include a type for a respective piece of equipment, a size of the
piece of the equipment (e.g., capacity)

[00166] The process data collection instructions 710 can be executable by the

one or more processors 704 1o obtain data produced by sensors on pieces of
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gequipment that operate as pari of one or more production lines to produce a
biotherapeutic. The data obtained by the process data collection instructions 710
can also include data that corresponds to diagnostic or testing procedures that are
not based on sensor data. For example, the process daia collection instructions
710 can obtain data that indicates a conceniration of a bicthaerapeutic at one or
more stages of the production line. In some examples when the biotherapeutic is
an antibody, measurement of the concentration of the biotherapeutic can include
determining the functional concentration or dilution-factor of a stock solution of
antibody for a given immunoassay, which can be referred to hergin as “iter”. In
particular implementations, the process data collection instructions 710 can send
requests to one or more production facilities to obtain at least a portion of the
process data 720. in additional implementations, the global control system 502 can
receive portions of the process data 720 periodically and siore the data in the dala
store 718 as the process data 720. Further, the dala oblained by the process data
collection instructions 710 can be requested and/or received by the global control
system 502 periodically, al predetermined intervals, at iregular times, or
combinations thereot.

[00167]1 The process data collection instructions 710 can store data obtained
from the production facilities according 10 a schema thal enables the efficient
retrieval of the data. In some illustrative examples, the data oblained by the
process data collection instructions 710 can be stored based on the production
facility supplying the data. Additionally, the data obtained by the process dala
collection instructions 710 can siore the data based on the types of the respective
pieces of equipment associated with the data, such as bioreactor, chromatography
system, filter device, pump device, temperature control device, storage container.
The dala obtained by the process data coliection insiructions 710 can also be
stored based on the types of data being collected, such as pH data, temperature
datg, flow rate data, viable cell density data, capacitance data, volume levels data,
weight data. Further, the data obtained by the process data collection instructions
710 can be stored based on a configuration of a production line producing a
biotherapeutic agent, such as the placement of various pieces of equipment within

70

SUBSTITUTE SHEET (RULE 26)



WO 2020/168225 PCT/US2020/018336

the production lines and/or whether one or more pieces of equipmeni included in
the production lines are housed in modular cleanrooms. I various
implementations, the data oblained by the process data collection instructions 710
can be stored based on the biotherapeutic produced by the production lines, cell
lines used 1o produce the biotherapeutic, and/or reagents used in the production
of the biotherapeutic agent.

(001681 The system control instructions 712 can be executable by the
processors 704 to determine control sellings for pieces of equipment included in
production lines to produce biotherapeutics. Additionally, the system control
instructions 712 can include scheduling instructions to generate control data, such
as signals or commands, to send to the production {acilities to use in the control of
pieces of equipment included in the production lines. In particular implementations,
the control dala can indicate a timing for a piece of equipment o perform a
specified operation and a modification or setling for the piece of equipment. For
example, the scheduling instructions 724 can generate control data for g perfusion
system indicating a flow rate for the perfusion system. The scheduling instructions
724 can also generate control data indicating a timing for the perfusion system 1o
implement the Hlow rate. In additional examples, the scheduling insiructions 724
can generate control data for a bioreactor indicating al least one of g temperaliure
setting for the bioreactor, a pH level for the bioreactor, a feed rate for the
bioreactor, or an agitation rate for the bioreactor.

[60169] In parlicular implementations, the system control instructions 712 can
analyze the process data 720 with respect to a number of rules for the control of
pieces of equipment included in a production line o produce a biotherapeutic. In
certain implementations, the system control instructions 712 can analyze the
process data 720 in relation {0 one or more policies and/or rules {0 determine
control settings for pieces of equipment included in production lines to produce
bictherapeutics. The policies and/or rules can indicate various thresholds and/or
ranges of values that correspond to respective values for process variables and/or
control variables. For example, the policies and/or rules can indicate at least one
of pump setlings or flow rates for buffer solution into a bioreactor in relation 1o pH
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levels of the bioreactor. In additional examples, the policies and/or rules can
indicate agitation rates for a bioreactor based on volume of malterial in the
bioreaclor, growth rate of one or more end products, temperatures related to the
bioreactor, or combinations therect.

(001701  In some illustrative examples, the rules and/or policies can indicate
actions that correspond io different volume levels of a siorage container. To
iHlustrate, a rule corresponding to a storage container coupled o a chromatography
system can indicate that at a first volume of malenal included in the storage
container, a pump of the chromatography system is stopped and that at a second
volume of material included in the storage container that is higher than the first
volume, a pump of the chromatography system is set to a slow setting until a third
volume level of material in the storage container is reached, where the third volume
is greater than the second volume. Continuing with this illustrative example, the
rule can indicate that at a fourth volume of material in the storage container that is
higher than the third volume the pump of the chromatography system is setio a
fast setting until the third volume level is reached and that at a fifth volume that is
greater than the fourth volume, material being fed into the storage container is
diverted away from the storage contfainer into a drain.

(001711  In additional ilustrative exampiles, the rules can indicate a volume level
of a first storage container that triggers material being pumped into the first storage
container being diverted 1o a second storage container. For example, a first
storage container and g second slorage container can be coupled o &
chromatography system. The chromalography system can pump effiuent inio the
first storage and the system control insiructions 712 can be executable o monitor
the volume in the first slorage container and send conirol data o the
chromatography sysiem or send a notification to an operaior 1o pump effluent 1o
the second storage container in response o the volume of malerial included in the
first storage container being a threshold level. In further illustrative examples, the
system control instructions 712 can monitor a pressure level of g filler assembly
that is part of a filter bank. The system control instructions 712 can determine that

the pressure level of the filter assembly has reached a threshold level and cause
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the scheduling instructions 724 to send control data to the filter assembly or notity
an operator to divert material away from the filter assembly 1o another filter
assembly that has a pressure less than the threshold pressure.

[06172] The system conlrol instructions 720 can also be executable by the one
or more processors 704 to determine control modules to utilize with respect o
pieces of equipment included in a production line to produce a biotherapeutic. The
system control instructions 720 can determine a control module 722 or a set of
control modules 722 to implement for the control of a piece of equipment based on
information received by the global control system 502 about the piece of
equipment. In various implementations, the system control instructions 712 can
obtain information about a piece of equipment including an identifier of the piece
of equipment and a function of the piece of equipment. In these situations, the
system control instructions 712 can determine a control medule 722 or set of the
control modules 722 that correspond to the identifier and function received by the
global confrol system 502. In an illustrative example, the sysiem control
instructions 712 can receive an identifier and function for a piece of equipment that
corresponds to 4 chromatography system, and the system control instructions 712
can identity one or more of the control modules 722 that correspond to the control
of a chromalegraphy system and implement the one or more of the conirol
modules 722 for the control and operation of the chromatography sysiem.

(661731  In additional illustrative examples, the system control instructions 712
can determing that an identifier and/or function of a piece of equipment changes
and identify a different set of the control modules 722 to control the operation of
the piece of equipment. To illusirate, the system conirol instructions 712 can
identify one or more first control modules 722 to control the operation of a storage
container based on a first identifier and a first function received by the global
control system 502 with respect to the storage container. Continuing with this
example, the siorage container can be ulilized in a different location within a
production line or utilized with respect o a different production line and the system
control instructions 712 can obtain information from a production facility indicating

that the siorage container is associated with a second identifier and a second
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function. The system conirol instructions 712 can then determine thal one or more
second control modules 722 are to be utilized to conirol the operation of the
storage container based on the second identifier and the second funclion. In g
particular illustrative example, the first identifier and the first function can indicale
that the storage container gperates to collect effluent from a bioreactor and the
second identifier and the second function can indicate that the storage container
operates to collect effluent from a chromatography system.

[66174] In siluations where a production ling is located in a number of modular
cleanrooms, the system control instructions 712 can generate control signals that
correapond to the flow of maierial belween the modular cleanrooms. For example,
the system control instructions 712 can determine a flow rate of material
transferred between modular cleanrooms based on volumes of material stored in
one or more storage containers and send signals to a production facility control
system to cause one or more pumping devices 1o operate {0 achieve the flow rate.
In various implementgtions, the signals can be sent to perfusion systems,
chromatography systems, and/or stand-alone pumping devices.

[60175] The process dala analysis instructions 714 can be executable by the
processors 704 to analyze the process data 720 and determine factors that can
have al least a threshold impact on the productivity, efficiency, and/or conirol of a
production line that produces a bictherapeutic. In ilustralive examples, the
productivity and/or efficiency of a production line can correspond 10 a vield of a
bictherapeutic produced by the production line. In other illustrative examples, the
productivity and/or efficiency of a production line can correspond io viable cell
densily associated with a bigtherapeutic agent produced by the production ling. In
additional Hlustrative examples, the productivity and/or efficiency of a production
fine can correspond 1o a purity of an end product thal includes a biotherapeulic
agent produced by the production line. In various implementations, a first portion
of the process data 720 can be utilized to train the models, while a second portion
of the process data 720 can be used to validate the models. To illusirale, a portion
of the process data 720 collected over a first period of time with respect fo a

production line can be used to train a model in relation to the productivity,
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efficiency, and/or control of the production line, while another poriion of the process
data 720 collected over a second period of time subsequent 1o the first period of
time with respect to the production line can be utilized to validate the model
[00176] The process dala analysis instructions 714 can implement a partial least
squares technique to identify the factors having at least the threshold impact on
the productivity, efficiency, and/or control of the production line. The process data
analysis instructions 714 can generate one or more models that can be used o
predict the productivity and/or efficiency of a production line. The process dala
analysis instructions 714 can also generale models that predict values of the
process data that can be used to control pieces of equipment included in a
production line. The models can include a number of variables that each
correspond o a factor having at least a threshold amount of impact on the
productivity and/or efficiency of a production line. The models can also include
coeflicients associated with each of the variables. The coeflicients can correspond
to an amount of impact that a respective variable has on the productivily, efficiency,
and/or control of a production line. In particular implementations, the modsls can
include process variables that correspond to the productivity and/or efficiency of a
production line and control variables that can be moditfied to have an impact on the
process variables.

[66177] The model implementation instructions 716 can be executable by the
processors 704 1o implement the models generaled by the process data analysis
instructions 714. For example, the model implementation instructions 716 can
obtain a portion of the process data 720 obtained by the process data collection
instructions 710 that is refated to productivity and/or efficiency of a production line
and apply the portion of the process data 720 with respect to a model that predicis
the productivity and/or efficiency of the production line. In particular
implementations, the model implementation instructions 716 can determine that a
productivity and/or efficiency predicted by the model is outside of a specitied range
for the productivity and/or efficiency or less than g threshold productivity and/or
efficiency. In these situations, the model implementation insiructions 716 can
utilize the model {o determine one or more confrol variables thal can be modified
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to move the productivity and/or efficiency of the production line within the specified
range or above the threshold productivity and/or efficiency. The model
implementation instructions 716 can also determine seltings for the control
variables that can impact the productivity and/or efficiency of the production line.
(001781  In an illustrative example, the model implementation instructions 716
can predict that viable cell density for a production line will be less than a threshold
viable cell density. The model implementation instructions 716 can also determine
that pH of a bioreactor is below a threshold pH level and thal a flow rale through a
chromalography system is greater than a threshold flow rate. In this situation, the
model implementation instructions 716 can utilize the model to determine that
control variables that can impact the productivity of the production line are bleed
rate of the bioreactor and flow rate of a basic buffer solution ino the bioreactor.
The mode! implementation insiructions 716 can then determine that increasing the
bleed rate from the bioreactor by a particular amount and increasing the flow of
basic buffer solution into the bioreacior by a specified amount can increase the
productivity and/or stficiency of the production line.

[661791 The model implementalion instructions 716 can also operate in
conjunction with the scheduling instructions 724 to determine schedules for
automated control of one or more production lines. In particular implementations,
the mode! implementation instructions 716 can implement a model generated by
the process data analysis instructions 714 {o predict process variables for one or
more pieces of equipment included in g production fine based on data oblained
from the production line. The model implementation instructions 716 can also
implement the model o predict productivity and/or efficiency metrics for the
production line, also based on data obtained from the production line. Additionally,
the mode! implementation instructions 716 can determing setlings for pieces of
equipment included in the production line that are predicted to cause the process
variables and the productivity and/or efficiency metrics to be within specified
ranges. The scheduling instructions 724 can then determine control signals and
timing of the control signals to send to the pieces of equipment 1o cause the pieces
of equipment 10 operale according o the control setlings.

76

SUBSTITUTE SHEET (RULE 26)



WO 2020/168225 PCT/US2020/018336

[00180] Although operalions are described with respect o FIG. 6 as being
performed by global control system 502, at least a portion of the operations can be
performed by local control syslems. For example, at least g porlion of the
operations performed by the model implementation insiructions 716 can be
performed by a local control system. To illustrate, the global control system 502
can generate models related to the productivity, efficiency, and/or control and a
focal control system can implement the models. Additionally, at least a portion of
the system control instructions 712 can be performed by local conirol systems.
001811 FIGs. 8 and 9 illustrate example processes of generating and applying
models related to the productivity, efficiency, and control of production lines that
produce biotherapeutics and FIG. 10 illustrates an example process to produce a
biotherapeutic using a production facility having multiple modular cleanrocoms.
These processes (as well as each process described herein) are illusirated as
logical flow graphs, each operation of which represents a sequence of operations
that can, at least in part, be implemented in hardware, software, or g combination
thereot. In the context of software, the operations represent computer-executable
instructions stored on one or more compuler-readable storage media that, when
executed by one or more processors, perform the recited operations. Generally,
computer-executable  instructions  include  routines, programs,  objects,
components, data structures, and the like that perform particular funclions or
implement particular abstract data types. The order in which the operations are
deacribed is not intended o be construed as a limitation, and any number of the
described operations can be combined in any order and/or in parallel to implement
the process.

(001821 FIG. &7 is a flow diagram of an example process 8700 to generale a
model used to predict values relaled o the production and/or efficiency of a
production line. At §702, the process 8700 includes oblaining first data from a
production line for a biotherapeutic over a first period of time. The data may be
obtained by a global control system that controls the operation of a pluralily of
faciliies that produce biotherapeutics. In some implementations, the equipment of

the production fine can be disposed among a number of modular cleanrooms. In
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additional implementations, the equipment of the production line ¢an be disposed
in a continucus space of a production facility that does not include modular
cleanrooms.

[001831 At 804, the process 800 can include analyzing the firsi data o determine
one or more first variables that are significant in indicating process conditions that
affect a productivity and/or efficiency metric for the production line. The one or
more first variables can be significant in indicating process conditions that affect a
productivity and/or efficiency metric for the production line when measures of the
one or more first variables indicate a statistical significance in relation o a
productivity and/or efficiency metric. In various implementations, the one or more
first variables can have at least a threshold amount of impact on the productivity
and/or efficiency metric. In illustrative examples, partial least squares technigues
can be implemented fo determine the one or more first varigbles. In some
implementations, the productivity and/or efficiency metric can correspond to viable
cell density, titer, yield, and/or purity of a biotherapeautic.

[60184] AL 806, the process 800 can include analyzing the first data to determine
one or more second variables that are significant in controlling atf least one aspect
of the production line to modify values of the production metric. In particular
implementations, the one or more second variables can have a threshold amount
of impact on the one or more first variables. In illustrative implementations, partial
least sguares technigues can be implemented to delermine the one or more
second variables.

[00185] AL 808, the process 800 can include generating a model that utilizes at
least the one or more first variables and the one or more second variables. The
model can also include one or more coetiicients related fo the respective one or
more first variables and/or the one or more second variables. In this way, the dala
obtained over the first period of time can be used {o train the model. At 810, the
process 800 can include obtaining second data from the production line for the
biotherapeutic for a second pericd of time after the first period of time, and, at 812,
the process 800 can include performing one or more validation operations with
respect to the model based on the second data. In particular implementations, the
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one or more validation operations can include comparing first values of the one or
more productivity and/or efficiency mefrics generated by applying the first data o
the model with second values of the one or more productivity and/or efficiency
melrics generated by applying the second data to the model.

[00186] AL 814, the process 800 can include determining whether the correction
of the model is needed. If correction of the model is not needed, the process 800
can proceed o 816 where the model is implemented. An illustrative example of the
implementation of a model will be described with respect to FIG. 9. If correction of
the model is needed, the process 800 can proceed o 818 where the model is
modified. In particular implementations, the model can be modified in situations
where the first values and the second values differ by more than a threshold
amount. Additionally, modifying the model can include modifying at least a first
variable or g second variable included in the model. That is, a varable can be
removed or added to the model based on the significance of the variables changing
as more data is analyzed. In other implemeniations, the model can be modified by
changing at least one coefficientincluded in the model. The al least one coefficient
can be modified as the significance of at least one of the first variables and/or at
least one of the second variables changes as more data is analyzed. In some
situations, the additional data used to modify the model can include the second
data obtained over the second period of time.

(6061871 FIG. 9 is a flow diagram of an example process 900 to implement a
model used to predict values relaled o the production and/or efficiency of g
production line in the control of the production line according to some
implementations. At 902, the process 900 can include obtaining process data from
a production line that produces a bigtherapeutic. In some examples, the process
data can include informalion obtained from sensors of pieces of equipment
included in the production line. In additional examples, the process data can
include data obtained by performing tests on malerial produced by pieces of
equipment included in the production line.

[G0188] Al 904, the process 900 can include applying the process data to a
model related to the productivity and/or efficiency of the production line. In some
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implementations, the model can be produced using the example process of FIG.
8. Applying the process data 1o the model can result in generating one or more
productivity and/or efficiency metrics based on the process data.

{06189 At 906, the process 900 can include determining thal one or more
metrics for the productivity and/or efficiency of the production ine are outside of
threshold values. The one or more productivity and/or efficiency metrics being
putside of the threshold values can indicate that the setlings on various pieces of
equipment need 1o be changed in order to achieve the desired productivity and/or
efficiency metrics.

{00190] Al 808, the process 900 can include determining one or more process
variables to modity to change the one or more metrics. In particular
implementations, the one or more process variables to be changed can be based
on an amount of impact that changing particular process variables can have on the
productivity and/or efficiency metrics. In various examples, one ¢r more machine
learning techniques can be implemented o determine the one or more process
variables to modily.

[06191] AL 910, the process 900 can include delermining one or more control
variables to modily to cause the one or more process variables to change. In some
situations, the control variables that impact the process variables can be indirect.
For example, cell count may not necessarily be improved by adding more celis to
a production line. Rather, other varigbles, such as agitation rate, pH, temperature,
and the like may impact cell count. The control variables that correspond 1o the
process variables can be determined based on an analysis of previous data
indicating that changes 10 the control variables have at least a threshold impact on
the process variables. In particular implementaticns, maching learning techniques
can be used to determine one or more conirol variables that have an impact on a
respective process variable.

(001921 AL 912, the process 200 can include generaling control signals o send
to one or more pieces of equipment to change the operation of the one or more
pieces of equipment in order to modily the one or more metrics for the productivity

and/or efficiency of the production line. In various implementations, an amount of
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change in the control variables and/or process variables can be determined and
the control signals can correspond 10 an amount of change in the operation of
various pleces of equipment that leads 1o changes in the process variables that, in
turn, modify the productivity and/or efficiency metrics.

(061931 FIG. 10 is a flow diagram of an example process 1000 to produce a
biotherapeutic using a production facility having multiple modular cleanrooms. The
process 1000 can include, at 1002, obtaining, by a bicreactor located in a first
modular cleanrcom, cell culture media, a cell growth material, and a butier solution
from at least one storage container. The at least one storage container can be
tocated outside of the first modular cleanroom. In various examples, the buffer
solution can be stored in a first siorage container, the cell culture media can be
stored in a second storage container, and the cell growth material can be stored in
a third storage container. The first modular cleanrcom can have an area from about
15,000 £* to about 50,000 ft=,

[00194] Additionally, at 1004, the process 1000 can include producing a celi-free
permeate that includes a recombinant therapeutic protein. The recombinant
therapeutic protein can be produced in at least one vessel of the bioreactor. The
at least one vessel of the bioreactor can have a capacity from about 250 L to about
2000 L. In one or more implementations, the bioreactor can produce an amount of
the recombinant therapeutic protein at a rate from about 0.5 g of the recombinant
therapeutic protein per liter of cell culture media per day 1o about 10 g of the
recombinant therapeutic protein per liter of cell culture media per day.

[361931 In one or more examples, the cell free permeate can be produced by
one or more operations performed by the bioreactor. In additional examples, the
cell free permeate can be produced by at least one of gne or more operations
performed by the bioreactor or one or more operations performed by a perfusion
system coupled to the bigreactor. In one or more implementations, effluent from
the bioreacior can be transterred to a perfusion system and effluent from the
perfusion system including the celi-free permeate can be transferred to a storage
container. In various examples, the cell-ree permeate can be transferred fo a

temperature control system from the storage container. The temperature control
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system, in some lustrative examples, can include a heat exchanger.

661961 Further, the process 1000 can include, at 1006, transferring an amount
of the cell-free permeale to a chromatography system. The chromalography
system can also be located in the first modular cleanroom. The cell-free permeale
can be transferred to the chromatography system from a storage container that is
holding the cell-free permeate. Additionally, the celi-free permeate can be
transferred to the chromatography system from a temperature control system that
can modify the temperaiure of the cell-free permeaie before the cell-free permeale
is transterred to the chromatography system. The chromatography system can
include a continuous chromatography system that produces a protein isolate
fraction after 4 to 15 cycles of the continuous chromatography system. Individual
cycles of the continuous chromatography system can have a duration from about
3 hours to about 12 hours. The continuous chromatography system can produce
an amount of the protein isolate fraction from about 80 g/l of resin {0 about 140
g/L of resin. In one or more implementations, the chromatography system can
include 3 1o 9 columns with each column having a diameter from about 40 cm (o
about 100 cm and a height from about 10 cm to about 40 cm.

[001971 The effluent from the chromatography system can be transferred to one
or more storage containers. The one or more siorage containers can be located in
the first modular cleanroom. In one or more illusirative exampies, the efffuent from
the chromatography system can be transferred 1o two storage containers with the
transter of the effluent alternaling between the two storage containers. For
exampie, the chromalography system can transfer effluent to a first storage
container for a first period of time. One or more sensors of the first storage
container can measure a volume of the effluent from the chromatography system
thal is stored in the first storage container. Additionally, a rate ¢f the transfer of
efffuent out of the chromatography system and an amount of time that the
chromatography system has been transferring effluent to the first storage container
can also be measured.

(001981  In various examples, the volume of the protein isolate fraction stored by
the first container can be monitored by a control system. The control system can
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alsc moniior the rale of the transfer of the prolein isolale fraction oul of the
chromatography system and the amount of time that the chromatography system
has been transterring the prolein isolate fraction 1o the first storage container. In
one or more implementations, the control system can determine thal one or more
threshold criteria have been met and can cause the transter of the protein isolate
fraction to the first storage container to stop and cause the protein isolate fraction
to be transferred to a second storage container. In one or more examples, the
control system can determine that a volume of the protein isolate fraction slored
by the first storage container corresponds to a threshold volume. In additional, the
control system can determine, based on the flow rate of effluent from the
chromatography system to the first storage container, that the amount of time that
the protein isolate fraction has been transferred 1o the first storage container
corresponds to a threshold period of fime. The conirol system can then send one
or more signals to cause the flow of effiuent from the chromatography system {o
the first siorage container to siop and to cause the flow of effluent from the
chromatography system to the second storage container (o begin. To illustrate, the
control system can send one or more signals 1o a valve thal directs the flow of the
effluent from the chromatography system to cause the flow of effluent from the
chromatography system io the firsl siorage container {0 cease and fo cause flow
of effiuent from the chromatography system to the second storage container to
begin. Further, after a threshold condition has been satisfied with respect to the
amount of protein isolate fraction stored by the second storage container, the flow
of effluent from the chromatography system {o the second storage container can
stop and the effluent from the chromatography sysiem can then be directed 1o the
first storage container.

(601991 The process 1000 can also include, at 1008, performing a viral
ingctivation process with respect o effiuent of the chromatography system 1o
produce a virally inactivated pool that includes the recombinant therapeutic protein.
The virally inactivated pool can be produced by adding an acid or a delergent to
the protein isolate fraction produced by the chromatography system. The acid or
detergent can be stored in one or more storage containers located outside of the
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first modular cleanroom. The acid or detergent can be added to the proiein isclate
fraction while the protein isolate fraction is stored in a storage confainer. In various
examples, a pumping device located in the first modular cleanroom can be used
1o treat the protein isclate fraction produced by the chromalography system with
acid or detergent to produce the virally inactivated pool.

[00200] Al 1010, the process 1000 can include transterring an amount of the
virally inactivated pool to a second modular cleanroom. The virally inactivated pool
can be transferred to the second modular cleanroom by transferring an amount of
the virally inactivated pool to an additional storage container located outside of the
first modular cleanroom. In various examples, the additional storage container can
be coupled to a port of the first modular cleanroom. In one or more
implementations, the virally inactivated pool can be fransferred o the additional
storage container outside of the first modular cleanroom using an additional
pumping device located in the first modular cleanrcom. Additionally, the virally
inactivated pool can pass through one or more fillering devices located in the first
modutar cleanroom before being transierred to the additional storage container
located outside of the first modular cleanroom. In various examples, an amount of
the virally inactivated pool can be transferred io the second modular cleanroom by
coupling the additional storage comtainer o a port of the second modular
cleanrcom. In additional examples, an amount of the virally inactivated pool can
be transferred to the second modular cleanroom by transterring contents of the
additional storage container to another storage container that is located outside of
the second modular cleanrgom and coupled to a port of the second modular
cleanrgom. The other storage container located outside of the second modular
cleanrcom can have a capacity that is greater than a capacity of the additional
storage container that captures the virally inactivated poot from the first modular
cleanroom.

(602011 The process 1000 can include, at 1012, performing one or more
operations to purity the virally inactivated pool using one or more pieces of
equipment in the second modular cleanroom. The virally inactivated pool can be
purified using one or more additional chromalography systems locaied in the
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second modular cleanroom. In various examples, one or more resins used in the
one or more chromatography sysiems located in the second modular cleanroom
to purify the virally inactivaled pool can be different from one or more resing used
by the chromatography sysiem located in the first modular cleanroom to produce
the protein isolate fraction. In addition, the one or more chromatography systems
included in the second modular cleanroom can implement one or more
chromatographic technigues that are different from at least one chromatographic
technique implemented by the chromatography system located in the first modular
cleanroom. The purification processes implemented by the one or more
chromatography systems located in the second modular cleanroom can produce
a purified product pool. In one or more implementations, the purified product pool
can be transferrad to a viral filtration device. The viral filtration device can produce
a virus-free filtrate. In one or more illustrative examples, the viral filfration device
can be located in the second modular cleanroom,

[002021 In addiional examples, further purification can be performed. For
example, the virus-free filtrate can be transferred 1o an additional filtrglion device
thal can perform al least one of one or more ultraliltralion operations or one or
more diafitration operations to produce a purified protein drug substance. In
various examples, the additional filiration device can be located in a third modular
cleanrcom. Amounts of the puritied therapeutic protein drug substance can be
transferred {0 a number of vials. To illusirate, one or more fill operations and/or
one or more finish operations can be performed to transfer amounts of the puritied
therapeutic drug substance at a rate of 5 vials to 100 vials per minute. The filling
of the number of vials with the purified therapeutic protein drug substance can be
performed in an auiomated manner using af least one piece of equipment {o
perform the filling of the vials with the purified therapeutic protein drug substance.
in one or more illustrative examples, the number of vigls can individually have a
volume from about 2 mb {0 about 40 mL.

[80203] The bictherapeultic produced using implementations of the process 1000
can take place in a production facility that can produce mulliple biotherapeutics

using different arrangemenis of equipment in the modular cleanrcoms of the
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production facility. For example, after an amount of a first bictherapeutic is
produced using a first arrangement of equipment, an amount of a second
biotherapeutic can be produced using a different arrangement of equipment. In
one or more examples, pieces of equipment can be added to, removed from, or
change locations within one or more modular cleanrooms to create the production
line used to produce the second biotherapeutic in relation o the arrangement of
pieces of equipment to produce the first bictherapeutic. To illustrate, one or more
filtration devices can be added to, removed from, or change locations to produce
the second biotherapeutic in relation to the first arrangement of equipment used to
produce the first biotherapeutic. Additionally, one or more pumping devices and/or
one or more storage containers can be added to, removed from, or change
locations to produce the second biotherapeutic in relation {o the first arvangement
of equipment used io produce the first biotherapeutic. In various examples, a
chromatography system used to produce the first bistherapeutic may not be used
to produce the second biotherapeutic. Further, in one or more implementations, an
additional chromatography system can be used o produce the second
biotherapeutic that was not used (o produce the first bictherapeutic. In situations
where pieces of equipment that are used to produce the first biotherapeutic are
also used io produce the second bictherapeutic, single-use components of the
pieces of equipment can be removed from the pieces of equipment after production
of the first biotherapeutic ceases and then replaced before production of the
second biotherapeulic begins. For example, after an amount of the purified
therapeutic protein drug substance is produced, one or more first single-use
components can be removed from at least one of the bioreacior, the
chromatography system, or the additional chromatography system. Subsequently,
the one or more first single-use components c¢an be replaced with one or more
second single-use components. The bioreactor can then obtain additional cell
culture media, additional cell growth material, and additional buffer solution from
one or more storage confainers and produce an additional cell-free permeate that
includes an additional recombinant therapeutic protein that is different from the
initial recombinant therapeutic prolein produced by the bioreacior.
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[30204] Additionally, the process 1000 can be implemented in one or more
scenarios where a second bioreactor is producing a biotherapeutic and operalions
with respect 1o effluent from the first bioreactor and effiuent from the second
bicreactor can take place concurrently. In one or implementalions, the second
bioreactor can be located in a same modular cleanroom as the first bioreactor. In
one or more illusirative examples, at least one of the one or more ultrafiltration
operations or the one or more diafiliration operations can be performed related (o
effluent from the first bioreactor while an amount of an additional virally inactivated
pool is purified by one or more chromatography systems, where the additional
virally inactivated pool is produced from effluent of the second bioreactor. In
various examples, the ulirafiliration and/or diafiliration can take place in one
modular cleanroom while the purification of the virally inactivated pootl takes place
in another modular cleanroom. Further, af least one of one or more ullrafiliration
operations or ong or more diafiliration operations can take place in relation to
etfluent produced by the first bioreactor while a viral filtration device processes an
amount of an additional puritied product pool that is produced from effluent of the
second bioreactor. In these scenarios, the ullrafiltration and/or diafiltration can take
place in one modular cleanroom while viral filtration takes place in another modular
cleanroom. Still further, chromatography operations being performed in relation to
effluent from a first bioreactor by one or more chromatography systems located in
one modular cleanroom can take place while additional chromatography
operations are performed in relation to effluent from a second bioreactor by one or
more chromatography systemns located in another modular cleanroom.

[002051 The subject matier described above is provided by way of illustration
only and should not be construed as limiting.  Furthermore, the claimed subject
malter is not imited {0 implementations thal solve any or alf disadvantages noted
in any part of this disclosure. Yarious modifications and changes can be made {o
the subject matter described herein without following the example configurations
and applications iliustrated and described, and without departing from the irue
spirit and scope of the present invention, which is set forth in the {ollowing claims.
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EXAMPLE IMPLEMENTATIONS

(602061 1. A method comprising: obtaining a first set of data indicating a first
plurality of conditions of a bioreactor sysiem, the first set of data being obtained
viga at least one of a pluralily of sensors of the bioreactor system or one or more
external assays that measure conditions at different points in time during operation
of the bioreactor system; analyzing the first set of data ulilizing one or more
inferential modeling techniques to determing one or more process variables that
have al least a threshold impact on a productivity metric related to an effluent
produced using the bioreactor system, wherein the one or more process variables
correspond (o at least a media component utilized in the bioreactor system to
produce the effluent; analyzing the first set of data utilizing the one or more
inferential modeling technigues to determine one or more control variables that
have ai least an additional threshold impact on the one or more process variables;
generating a model that includes variables corresponding 1o the one or more
process varigbles and the one or more control variables, wherein the model
predicts the productivity metric; obtaining a second set of data indicating a second
plurality of conditions of the bioreactor system, the second set of data being
obtained via the at least one of the plurality of sensors of the bioreactor system or
the one or more external assays and being obtained subsequent to the first set of
data; analyzing the second set of dala in accordance with the model o determine
a modification to at least one of the one or more control variables {0 modify the
productivity metric; and causing the at least one control variable {0 be modified
according to the modification.

(002071 2. The method of 1, wherein: the bioreactor sysiem is included in a first
production facility and an additional bioreactor system is included in a second
production facility; the first set of data includes an additional plurality of conditions
of the gdditional bigreactor system, the first set of data also being obtained via at
least one of a plurality of additional sensors of the additional bioreactor system or
one or more exiernal assays that measure conditions at different points in time
during operation of the additional bioreactor system.

[66208] 3. The method of 2, wherein: the bioreacior system is included in a
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modular cleanrcom of a first plurality of modular cleanrooms included in the first
production facility; and the additional bioreactor system is included in an additional
modular cleanroom of a second plurality of modular cleanrooms included in the
second production facility.

002091 4. The method of 2 or 3, wherein: a first volume of the bioreactor system
and g second volume of the additional bioreactor sysiem are substantially the
same; first cell media fed info the bioreactor system and second cell media of the
additional bioreactor system include a same cell line; and a first biotherapeutic
produced by the bioreactor system and a second biotherapeutic produced by the
additional bioreactor system are the same.

002101 5. The method of any one of 1-4, wherein the one or more inferential
modeling techniques include a partial ieast squares technique.

[60211] 6. The method of any one of 1-5, further comprising: cbtaining a third
set of data indicating a third plurality of conditions of a plurality of pieces of
equipment included in a production line {o produce a bictherapeutic, the production
fine including the bigreactor system and a chromatography system, the third set of
data being oblained via at least one of a pluralily of sensors of the plurality of
pieces of equipment or one or more external assays that measure conditions at
different points in time during operalion of the plurality of pieces of equipment;
analyzing the third set of data utilizing one or more inferential modeling techniques
to determine one or more additional process variables that have at least a
threshold impact on an additional productivity metric related to the bictherapeutic
produced using the production line; analyzing the third set of data utilizing the one
or more inferential modeling technigues to determine one or more additional
control variables that have at least an additional threshold impact on the one or
more additional process variables; and generaling an additional model that
includes additional variables corresponding to the one or more additional process
variables and the one or more additional control variables, whersin the model
predicts the additional productivity metric.

(602121 7. The method of any one of 1-6, wherein the productivity metric includes

viable cell density and the one or more process varigbles include at least one of
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flow rate of material through a piece of equipment, temperature of a material
included in a piece of equipment, or rate of agitation of material included in a piece
of equipment.

[662131 8. The method of any one of 1-7, wherein the bioreactor system is
coupled to a perfusion system.

{06214] 9. The method of any one of 1-7, wherein the bioreactor system is part
of a production line that utilizes batch technigues to produce a recombinant
therapeutic protein.

[002151 10. A production facility 1o produce a biotherapeutic, the production
facility comprising: a first modular cleanroom comprising a first plurality of pieces
of equipment to produce an effluent that includes the bictherapeutic, the first
plurality of pieces of equipment including a bioreactor; a second modular
cleanroom comprising a second plurality of pieces of equipment io purify the end
oroduct, the second plurality of pieces of eguipment including at least g filter
system; and a staging area including g plurality of storage containers, a first portion
of the plurality of storage containers storing cell media for the bioreactor system
and a second portion of the plurality of storage containars sioring buffer solution
for at least one piece of equipment included in the first plurality of pieces of
gquipment and for at least one piece of equipment included in the second plurality
of pieces of equipment.

(00216 11, The production facility of 10, wherein: the first plurality of pieces of
equipment include a chromatography system coupled {o the bioreactor system and
the chromatography system purifies the effluent produced by the bioreactor system
to produce a purified end product; and the first plurality of pieces of equipment
include a siorage container that captures the purified end product, and buffer
solution is added 1o the storage container 10 produce a viral inactivated pool.
(902171 12, The production facility of 11, wherein: the bioreaclor system is
disposed on a first skid, the first skid including a first plurality of communication
interfaces; and the chromatography system is disposed on a second skid, the
second skid including a second plurality of communication interfaces with the
storage container being coupled to a communication interface of the plurality of
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communication interfaces.

(602181 13. The production facility of 12, wherein a dongle is coupled 1o the
storage container, the dongle storing an identifier and g funclion that corresponds
to the storage container.

002191 14. The production facility of 13, further comprising a local control
system, the local control system to send first signals {o at least a portion of the first
plurality of pieces of equipment to control operations of the at least a portion of the
first plurality of pieces of equipment and to send second signals to at least a portion
of the second plurality of pieces of equipment to control operation of the at least a
portion of the second plurality of pieces of equipment, and wherein the local control
system receives the identifier and the function from the dongle.

(602281 15, The production facility of 14 or 15, wherein the local control system
identifies, based at least partly on the identifier and the function, one ¢r more
control modules that are executable to conirol operation of the storage container
according fo the function.

(602211 16. The production facility of 14, wherein: the local conirol system is in
electronic communication with a global control system; the global control system
analyzes data obtained from the local control system and an additional local control
system 1o generate a moedel (o predict a metric corresponding o productivity of a
production line included in the facility, the additional local conirol system being
located in an additional facility that produces an additional biotherapeutic.

(002221 17. The production facility of any one of 10-15, further comprising a third
modular cleanroom that includes at least one additional chromatography system,
the additional chromatography system performing viral filtration of a viral
inactivated pool obiained from the first modular cleanroom.

(662231 18, The production facility of 17, wherein the filter system performs
ultrgfiltration/diafifiration operations with respect to effluent obtained from the
additional chromatography system.

[00224] 19. A system to produce one or more bhictherapeutics, the system
comprising: a production facility that includes: a first modular cleanrcom
comprising a first plurality of pieces of equipment to produce an effluent that
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includes a biotherapeutic, the first plurality of pieces of equipment including a
bioreactor; a second modular cleanvoom comprising a second plurality of pieces
of equipment to purify the effluent produced by the first plurality of pieces of
equipment, the second plurality of pieces of equipment including at least a filier
system; and a staging area including a plurality of storage containers, a first portion
of the plurality of storage containers storing cell media for the bioreactor and a
second portion of the plurality of storage containers storing buffer solution for at
least one piece of equipment included in the first plurality of pieces of equipment
and for at least one piece of equipment included in the second plurality of pieces
of equipment.

602257 20. The system of 19, wherein: the tirst plurality of pieces of equipment
include a chromatography system coupled to the bioreactor and the
chromatography sysiem purifies a bioreactor effiuent produced by the bioreacior
to produce a protein isolate fraction; and the first plurality of pieces of equipment
include g storage container that captures the purified bioreactor effluent, and a
solution including at least one of an acid or a detergent is added to the purified
bioreactor effluent {o produce a virally inactivated pool.

(602261 21. The system of 20, wherein the second plurality of pieces of
equipment include at least one additional chromalography system, the atleast one
additional chromatography system 1o perform one or more additional purification
operations in relation {o the virally inactivated pool to produce a purified product
pool.

002271 22. The system of 21, further comprising a viral filtration device filter
system to perform one or more viral filtration operations with respect to the purified
product pool 1o produce a virus-free filtrate.

(602281 23, The system of 20, wherein: the chromaltography system includes a
continuous chromalography system having 3 to 9 columns with each of the
columns having a diameter from about 40 ¢m to about 100 cm, and a height from
about 10 cm o about 40 cm; and the chromatography system produces an amount
of the protein isolate fraction from about 80 g/L of resin to about 140 g/L of resin
within 4 to 15 cycles of the chromatography system, each cycle having a duration
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from aboui 3 hours o about 12 hours.

(602291 24. The system of any one of 20-23, wherein: the modular cleanroom
has an area from about 15,000 2 to about 50,000 #5; and the bioreactor includes
at least one vessel to produce the bioreacior effiuent thal includes a recombinant
therapeutic protein, the at least one vessel having a capacity from about 250 L to
about 2000 L.

[00230] 25, The system of any one of 20-24, further comprising a pertusion
system that lransfers feed material inlo the bioreactor and that removes effluent
from the bioreactor, the perfusion system being coupled to the bioreactor.

(062311 26. The system of any one of 19-25, comprising: one or more
processors; and one or more computer-readable storage media storing computer-
readable instructions that, when executed by the one or more processors, cause
the one or more processcrs to perform operations comprising: obiaining a first set
of data indicating a first plurality of conditions of the bioreactor, the first set of data
being obtained vig at least one sensor of a plurality of sensors of the bioreactor or
one or more external assays that measure conditions at different poinis in time
during operation of the bioreactor; analyzing the first set of data utilizing one or
more inferential modeling technigues to determine one or more process variables
that have al least a first threshold impact on a productivity metric related 1o the
bioreactor efiluent; analyzing the first set of data utilizing the one or more inferential
modeling techniques to determine one or more control variables that have at least
a second threshold impact on the one or more process variables; generating 8
model that includes variables corresponding to the one or more process variables
and the one or more control variables, wherein the model predicts the productivity
metric; obtaining a second set of data indicating a second plurality of conditions of
the bioreactor, the second set of data being oblained via the al least one of the
plurality of sensors of the bioreactor or the one or more external assays and being
obtained subsequent 1o the first set of data; analyzing the second set of data in
accordance with the model [0 delermine a modification to gt least one control
variable of the one or more control variables to modify the productivity metric; and
causing the at least one confrol variable to be modified according to the
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modification.

(662321 27. The system of 26, wherein: the production facility is g first production
facility and the bioreacior is a first bioreacior; a second bioreactor is included in a
second production facility; and the first set of dala includes an additional plurality
of conditions of the second bioreactor, a portion of the first set of data being
obtained via at least one of a plurality of additional sensors of the second bioreactor
or one or more external assays that measure conditions at different points in time
during operation of the second bioreacior.

[00233] 28. The system of one of 26 or 27, comprising: one or more additional
computer-readable storage media storing computer-readable instructions that,
when executed by the one or more processors, cause the one or more processors
to perform additional operations comprising: obtaining a third set of data indicating
a third plurality of conditions of a produclion line that produces a purified
therapeutic protein drug substance, the production line including the first plurality
of pieces of equipment and the second plurality of pieces of equipment, the third
set of data being obtained via at least one of a plurality of additional sensors of the
production line or one or more additional external assays that measure conditions
at different points in time during operation of the production line; analyzing the third
set of data ulilizing the one or more inferential modeling techniques to determine
one or more additional process variables that have at least g first additional
threshold impact on an additional productivity metric related to the purified
therapeutic protein drug substance produced using the production line; analyzing
the third set of data utilizing the one or more inferential modeling technigues to
determine one or more additional control variables that have at least a second
additional threshold impact on the one or more additional process variables; and
generaling an additional model that includes additional variables corresponding o
the one or more additional process variables and the one or more additional control
variables, wherein the model predicts the addiional productivity metric, the
productivity metric includes viable cell density, and the additional productivity
metric includes yield of the purified therapeutic protein drug substance.

(002341 29. The system of 19, wherein: the first modular cleanroom includes: a
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perfusion system coupled to the bioreactor; a first storage container to store a cell
free permeate that includes a recombinant therapeutic protein produced by the
bioreaclor; a first, continuous chromatography sysiem coupled 1o the first storage
container, the tirst continuous chromatography system to produce a protein isolale
fraction; a second storage container coupled 1o the first, continuous
chromatography system {o store g first amount of the protein isolale fraclion; a
third storage container coupled to the first, continuous chromatography system to
store a second amount of the protein isolate fraction; a first pump device 1o transfer
a virally inactivated pool {o a fourth storage container, the virally inactivated pool
being produced by adding al least one of an acid or g detergent o the protein
isolate fraction; and a second pump device {o transfer the virally inactivated pool
to a sixth storage container located outside of the first modular cleanroom in the
staging area via at least one filter device; the second modular cleanrcom includes:
a temperature control unit to transfer the virally inactivated pool from a seventh
storage container located outside of the second modular cleanroom into a second
chromatography system and {o transfer an amount of a buffer solution into the
second chromalography system from an eighth siorage container located outside
of the second modular container in the staging area, the second chromatography
system to purify the virally inactivaled pool; a ninth siorage container o store
etfluent from the second chromatography system; a third chromatography system
to purify the effluent from the second chromatography system to produce a purified
product pool, the third chromatography system coupled 1o a tenth storage
container for storing a buffer solution, the tenth storage container located outside
of the second modular cleanroom in the staging area; and a third pump device to
feed the purified product pool 1o g viragl filtration device located in the second
modular cleanrcom, the viral filtralion device o produce a virus-free filtrate; and a
third modular cleanroom includes: an eleventh storage container to store the virus-
free fillrate; a filter device o perform at least one of one or more ulivafiltration
operations or one or more diafiliralion operations with respect {0 the virus-free
filtrate to produce a purified therapeutic protein drug substance; and at least one
vial filling device to fill a plurality of vials with the purified therapeutic protein drug
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substance.

(602351 30. A method to produce one or more biotherapeutics, the method
comprising: obtaining, by a bioreactor located in a first modular cleanroom, cell
culture media, a cel growth material, and a butfer solution from at least one storage
container; producing a celi-free permeate that includes a recombinant therapeutic
protein, wherein the recombinant therapeutic protein is produced in af least one
vessel of the bioreactor; transferring an amount of the celi-free permeate 0 a
chromatography system; performing a viral inactivalion process with respect o
effluent of the chromatography system to produce a virally inactivated pool that
includes the recombinant therapeutic protein; transferring an amount of the virally
inactivated pool 1o g second modular cleanroom; and performing one or more
operations to purify the virally inactivated pool using one or more pieces of
equipment in the second modular cleanroom.

(902361 31, The method of 30, comprising: Wransferring effluent from the
bigreactor {o a perfusion system, the bioreaclior producing an amount of the
recombinant therapeutic protein at a rate from about 0.5 g of the recombinant
therapeutic prolein per liter of cell culture media per day to about 10 g of the
recombinant therapeutic protein per liter of cell culture media per day; transferring
effluent from the perfusion system 10 al least one slorage container, the effiuent
from the perfusion system including the cell-free permeate; and transferring the
amount of the cell free-permeate o a temperature control system Dbefore
transferring the amount of the cell-free permeale 1o the chromatography system.
002371 32. The method of 30 or 31, comprising: transferring a first amount of
effluent from the chromatography system 10 a first storage container for g first
period of time; determining that & second amount of the efiluent from the
chromatography system is 1o be transferred 10 a second storage container based
on the first period of time corresponding to a threshold period of time or based on
a volume of the first amount of the effluent in the first storage container
corresponding to a threshold volume; causing the effluent from the
chromatography system to stop flowing {o the first storage container; and causing
the effluent from the chromatography system fo flow o the second storage
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container.

(602381 33. The method of any one of 30-32, wherein: the one or more
operations to purify the virally inactivated pool are performed by an additional
chromatography sysiem localed in the second modular cleanroom; first columns
of the chromatography system include a first resin and second columns of the
additional chromatography system include a second resin that is different from the
first resin; the one or more operations o purify the virally inactivated pool produce
a purified product pool; and the method comprises transterring the purified product
pool to a viral filiration device located in the second modular cleanroom to produce
a virus-free filtrate.

002391 34, The method of 33, wherein transterring the amount of the virally
inactivated pool to the second modular cleanroom includes: transferring the
amount of the virally inaciivated pool to a one or more first sicrage containers
located outside of the first modular cleanroom and coupled 1o one or more first
ports of the first modular cleanroom; and transferring the amount of the virally
inactivated pool from the one or more first storage containers 10 one or more
second storage containers, the one or more second storage containers being
located outside of the second modular cleanroom and coupled o one or more
second ports of the second moedular cleanroom, the one or more second poris
being coupled to the additional chromatography system locaied in the second
modular cleanroom.

[60240] 35. The method of 33, comprising: transferring an amount of the virus-
free filtrate to a filter device included in a third modular cleanroom; performing, by
the filter device, al least one of one or morg ultrafiltration operations or one or more
diafiltration operations o produce a purified therapeutic protein drug substance;
and transferring an amount of the purified therapeutic protein drug substance io a
number of vials at a rate of 5 vials to 100 vials per minute, the number of vials
individually having a volume from about 2 ml to about 40 ml.

002411 36. The method of 35, wherein the bioreactor is included in a production
facility having an additional bioreactor, and the method comprises: performing the

at least one of the one or more ultrafiliration operalions or the one or more
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diafiltration operalions while an amount of an additional virally inactivated pool is
processed by the additional chromatography system, the additional virally
inactivated poot being produced from effluent of the additional bioreactor.

{06242 37. The method of 35, wherein the bioreactor is included in a production
facility having an additional bioreactor, and the method comprises: performing the
at least one of the one or more ulirafiliralion operations or the one or more
diafiltration operations while the viral filiration device processes an amount of an
additional purified product pool that is produced from effluent of the additional
bioreactor.

{62431 38. The method of 35, wherein: the bioreactor is included in a production
facility having an additional bioreactor; one or more first operations are performed
by one or more first pieces of equipment located in the first modular cleanroom
with respect {0 a first amount of effluent produced by the additional bicreactor while
one or more second operations are performed by one or more second pieces of
equipment located in the second modular cleanroom with respect to a second
amount of the etfluent produced by the bioreactor; and the one or more first
operations being performed by the chromatography system and the one or more
second operations being performed by at least one of the additional
chromatography system or the viral filtration device.

[00244] 39. The method of any one of 35-38, wherein the additional bioreactor
is located in the first modular cleanroom.

[00245] 40. The method of any one of 35-39 comprising: after an amount of the
purified therapeutic protein drug substance is produced, removing one or more first
single-use components from at least one of the bioreactor, the chromatography
system, or the additional chromalography system; replacing the one or more first
single-use components with one or more second single-use components;
obtaining, by the bioreactor, additional cell culture media, additional cell growth
material, and additional buffer solution from one or more storage containers; and
producing an additional celi-free permeste that includes an additional recombinant
therapeutic protein that is different from the recombinant therapeutic protein.
[00246] 41. The method of any one of 35-39, wherein the purified therapeutic
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protein drug substance is produced by a first production line having a first
arrangement of a first plurality of pieces of equipment located in the first modular
cleanroom, the second modular cleanroom, and the third modular cleanroom and
the method comprises: modifying the first arrangement of the first plurality of
pleces of equipment to produce a second production line having a second
arrangement of a second plurality of pieces of equipment located in the first
modular cleanroom, the second modular cleanroom, and the third modular
cleanroom, the second arrangement of the second plurality of pieces of equipment
being produced by at least one of: removing a piece of equipment included in the
first plurality of pieces of equipment from the first modular cleanroom, the second
modular cleanroom, or the third modular cleanroom; adding a first additional piece
of equipment fo the first plurality of pieces of equipment in the first modular
cleanroom, the second modular cleanroom, or the third modular cleanroom; or
changing a location of a second additional piece of equipment includad in the first
plurality of pieces of equipment.
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CLAIMS
WHAT IS CLAIMED 1S:

1. A system 1o produce one or more biotherapeutics, the system comprising:
a production facility that includes:

a first modular cleanroom comprising a first plurality of pieces of
equipment to produce an sffluent that includes a biotherapeutic, the first
plurality of pieces of equipment including a bioreactor;

a second modular cleanroom comprising a second plurality of pieces
of equipment to purify the effluent produced by the first plurality of pieces of
equipment, the second plurality of pieces of equipment including at least a
filter system; and

a staging area including a plurality of siorage conlainers, a first
portion of the plurality of storage containers storing cell media for the
bioreactor and a second portion of the plurality of storage containers storing
butfer solution for af least one piece of equipment included in the first
plurality of pieces of equipment and for at least one piece of eguipment

included in the second plurality of pieces of equipment.

2. The system of cigim 1, wherein:

the first plurality of pieces of equipment include a chromatography system
coupled to the bioreactor and the chromatography system purifies a bioreactor
efftuent produced by the bioreactor to produce a protein isolate fraction; and

the first plurality of pieces of equipment include a storage container that
captures the purified bioreactor effiuent, and g solution including at least one of an
acid or a detergent is added to the purified bioreactor effluent to produce a virally
ingctivated pool.

3. The system of claim 2, wherein the second plurality of pieces of
equipment include at least one additional chromatography system, the atleast one
additional chromatography system to perform one or more additional purification

100

SUBSTITUTE SHEET (RULE 26)



WO 2020/168225 PCT/US2020/018336

operalions in relation io the virally inactivated pool to produce a purified product

pool.

4. The system of claim 3, further comprising a viral filfration device filier
system to perform one or more viral filtration operations with respect to the purified

product pool to produce a virus-free filfraie.

5. The system of claim 2, wherein:

the chromatography system includes a continuous chromatography system
having 3 to 9 columns with each of the columns having a diameter from about 40
cm to about 100 cm, and a height from about 10 cm to about 40 om; and

the chromatography system produces an amount of the protein isolate
fraction from about 80 g/L of resin to about 140 g/L of resin within 4 fo 15 cycles of
the chromatography system, each cycle having a duration from about 3 hours 1o
about 12 hours.

6. The system of any one of claims 2-5, wherein:

the modular cleanroom has an area from about 15,000 ¢ to about 50,000
ft%; and

the bioreactor includes at least one vessel to produce the bioreactor effluent
that includes a recombinant therapeutic protein, the at least one vessel having a
capacity from aboul 250 L {o gbout 2000 L.

7. The system of any one of claims 2-6, further comprising a perfusion
system that transters feed material info the bioreactor and that removes effluent
from the bicreacior, the perfusion system being coupled to the bioreactor.

8. The system of any one of claims 1-7, comprising:

One Or More processors; and
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one or more computer-readable storage media storing computer-readable
instructions that, when executed by the one or more processors, cause the one or
more processors to perform operations comprising:

obtaining a first set of data indicaling a first pluralily of conditions of
the bioreactor, the first set of data being obtained via at least one sensor of
a plurality of sensors of the bioreactor or one or more external assays that
measure conditions at different points in time during operation of the
bioreactor;

analyzing the first set of data utilizing one or more inferential
modeling techniques to determine one or more process variables that have
at least a first threshold impact on a productivity metric related to the
bioreactor effiuent;

analyzing the first set of daia utilizing the one or more inferential
modeling technigues o determine one or more control variables that have
at least a second threshold impact on the one or more process variables;

generaling a model that includes variables corresponding to the one
or more process variables and the one or more control variables, wherein
the model predicts the productivity metric;

obtaining a second set of data indicating a second plurality of
conditions of the bioreactor, the second set of data being obtained via the
at least one of the plurality of sensors of the bigreacior or the one or more
external assays and being obtained subsequent {o the first sel of data;

analyzing the second set of data in accordance with the model o
determine a modification o at least one control variable of the one or more
control variables to modily the productivity metric; and

causing the al least one control variable (o be modified according 1o
the modification.

9. The system of claim 8, wherein:
the production facility is a first production facility and the bioreactor is a first
bioreactor;
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a second bioreactor is included in a second production facility; and

the first set of data includes an additional plurality of conditions of the
second bioreactor, a portion of the first set of dalg being obtained via at least one
of a plurality of additional sensors of the second bioreactor or one or more external
assays that measure conditions at different points in fime during operation of the

second bioreactor.

10. The system of any one of claims 8 or 9, comprising:
one or more additional computer-readable storage media storing computer-
readable instructions that, when executed by the one ar more procassors, cause
the one or more processors to perform additional operations comprising:

obtaining a third set of data indicating a third piurality of conditions of
a production line thal produces a purified therapeutic protein drug
substance, the production line including the first plurality of pieces of
equipment and the second plurality of pieces of equipment, the third sel of
data being obtained via at least one of a plurality of additional sensors of
ihe production line or one or more additional external assays that measure
conditions at different points in time during operation of the production line;

analyzing the third set of data utilizing the one or more inferential
modeling techniques to determine one of more additional process variables
that have at least a first additional threshold impact on an additional
productivity metric refated to the purified therapeutic protein drug substance
produced using the production line;

analyzing the third set of data ulilizing the one or more inferential
modeling techniques o determine one or more additional control variables
that have al least a second additional threshold impact on the one or more
additional process variables; and

generating an additional model that includes additional variables
corresponding o the one or more additional process variables and the one
or more additional control variables, wherein the model predicts the
additional productivity meiric, the productivity metric includes viable cell
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density, and the additional productivity metric includes yield of the purified

therapeutic protein drug substance.

11. The system of claim 1, wherein:
the first modular cleanroom includes:

a perfusion system coupled to the bioreactor;

a first storage container 1o store a cell free permeate that includes a
recombinant therapeutic protein produced by the bioreactor;

a first, continuous chromatography system coupled fo the first
storage container, the first continuous chromatography system o produce
a protein isolate fraction;

a second storage containgr coupled to the first, continuous
chromalography sysiem to store a first amount of the protein isolate fraction;

a third siorage container coupled to the first, continuous
chromatography system o siore a second amount of the protein isolate
fraction;

a first pump device to iransfer a virally inactivated pool to a fourth
storage container, the virally inactivated pool being produced by adding at
least one of an acid or a detergent to the protein isclate fraction; and

a second pump device o transfer the virally inactivated pool to a sixth
storage container located outside of the first modular cleanroom in the
staging area via at least one filter device;
the second modular cleanrcom includes:

a temperature control unit [o transfer the virally inactivated pool from
a sevenih storage container located outside of the second modular
cleanroom into a second chromatography system and 1o ransier an amount
of g butfer solution into the second chromatography system from an eighth
storage container located outside of the second modular container in the
staging area, the second chromatography system to purily the virally
inactivated pool;
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a ninth siorage container io slore effluent from the second
chromatography system;

a third chromatography system to purify the effluent from the second
chromaiography system to produce a purified product pool, the third
chromatography system coupled to a tenth storage container for storing a
buffer solution, the tenth storage container located outside of the second
modular cleanroom in the staging area; and

a third pump device to feed the purified product pool to a viral
filiration device locaied in the second modular cleanroom, the viral filtration
device to produce a virus-free filtrate; and
a third modular cleanroom includes:

an eleventh storage container {o store the virus-free filtrale;

a filter device to perform at least one of one or more ullrafiliration
operations or one or more diafiltration operations with respect o the virus-
free filtrate o produce a purified therapeutic protein drug substance; and

at least one vial filling device to fill a plurality of vials with the purified
therapeutic protein drug substance.

12. A method to produce one or more biotherapeutics, the method
comprising:

obtaining, by a bioreactor located in g first modular cleanroom, cell culture
media, a cell growth material, and a buffer solution from at least one storage
container;

producing a cell-free permeate thal includes a recombinant therapeutic
protein, wherein the recombinant therapeutic protein is produced in af least one
vessel of the bioreactor;

transferring an amount of the cell-free permeate o a chromatography
system;

performing a viral inactivation process with respect to effiuent of the
chromatography system to produce a virally inactivated pool that includes the
recombinani therapeutic protein;
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transferring an amount of the virally inactivated pool to a second modular
cleanroom; and
performing one or more operations to purify the virally inactivaled pool using

one or more pieces of equipment in the second modular cleanroom.

13. The method of claim 12, comprising:

transferring effluent from the bioreactor o a perfusion sysiem, the
bioreactor producing an amount of the recombinant therapeutic protein al a rale
from about 0.5 g of the recombinant therapeutic protein per liter of cell culture
media per day to about 10 g of the recombinant therapeutic protein per liter of cell
culture media per day;

transferring effluent from the perfusion system to at least one storage
container, the effluent from the periusion sysiem including the cell-free permeate;
and

transterring the amount of the cell free-permeate to a temperature control
system before wransterring the amount of the celi-free permeate o the
chromatography system.

14. The method of claim 12 or 13, comprising:

transterring a first amount of effluent from the chromatography systemto a
first storage container for a first period of time;

determining that a second amount of the effiuent from the chromatography
system is to be ransferred {o a second storage container based on the first period
of lime corresponding o a threshold period of time or based on a volume of the
first amount of the effluent in the first storage container corresponding o a
threshold volume;

causing the effluent from the chromatography system {o stop flowing to the
first storage container; and

causing the effiuent from the chromaiography system to flow to the second

storage container,
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15. The method of any one of claims 12-14, wherein:

the one or more operations o purify the virally inactivated pool are
performed by an additional chromaltography sysiem located in the second modular
cleanroom;

first columns of the chromatography system include a first resin and second
columns of the additional chromatography system include a second resin that is
different from the first resin;

the one or more operations to purify the virally inactivated pool produce a
purified product pool; and

the method comprises transferring the purified product pool to a viral
filtration device located in the second modular cleanroom to produce a virus-iree

filtrate.

16. The method of claim 15, wherein transferring the amount of the virally
inactivated pool to the second modular cleanroom includes:

transterring the amount of the virally inactivated pool to a one or more first
storage containers located outside of the first modular cleanroom and coupled o
one or more first ports of the first modular cleanroom; and

transferring the amount of the virally inactivaied pool from the one or more
first storage containers {o one or more second storage containers, the one or more
second storage containers being located outside of the second modular cleanrgom
and coupled o one or more second ports of the second modular cleanroom, the
one or more second ports being coupled to the additional chromalography system

located in the second modular cleanroom.

17. The method of claim 15, comprising:

transferring an amount of the virus-free filirale 1o a filter device included in
a third modular cleanrcom;

performing, by the filter device, at least one of one or more ultrafiltration
operations or one or more digliltration operations to produce a purified therapeutic

protein drug substance; and
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transferring an amount of the purified therapeutic protein drug substance o
a number of vials at a rate of 5 vials to 100 vials per minute, the number of vials

individually having a volume from about 2 mL to about 40 mL.

18. The method of claim 17, wherein the bioreactor is included in a
production facility having an additional bioreactor, and the method comprises:

performing the af least one of the one or more ultrafiliration operations or
the one or more diafiliration operations while an amount of an additional virally
inactivated pool is processed by the additional chromatography system, the
additional virally inactivaied pool being produced from effiuent of the additional

bioreactor.

19. The method of claim 17, wherein the bioreactor is included in a
production facility having an additional bioreactor, and the method comprises:

performing the at least one of the one or more ultrafiltration operalions or
the one or more diafiltration operations while the viral filiration device processes
an amount of an additional purified product poot that is produced from effluent of

the additional bioreactor.

20. The method of claim 17, wherein:

the bioreactor is included in a production facility having an additional
bioreactor,;

one or more first operations are performed by ane or more first pieces of
gquipment located in the first modular clearwoom with respect to a first amount of
etiluent produced by the additional bicreactor while one or more second operations
are performed by one or more second pieces of equipment located in the second
modular cleanroom with respect 1o a second amount of the effluent produced by
the bioreactor; and

the one or more first operations being performed by the chromatography
system and the one or more second operations being performed by at least one of
the additional chromatography system or the viral filiration device.
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21. The method of any one of claims 17-20, wherein the additional

bioreactor is located in the first modular cleanrgom.

22. The method of any one of claims 17-21 comprising:

after an amount of the purified therapeutic protein drug substance is
produced, removing one or more first single-use components from at least one of
the bioreactor, the chromatography system, or the additional chromatography
system;

replacing the one or more first single-use components with one or more
second single-use compornents;

obtaining, by the bioreactor, additional cell culture media, additional cell
growth material, and additional buffer soluticn from one or more storage
containers; and

producing an additional celi-free permeale that includes an additional
recombinant therapeutic protein that is ditferent from the recombinant therapsautic
protein.

23. The method of any one of claims 17-21, wherein the purified therapeutic
protein drug substance is produced by a first production line having a first
arrangement of a first plurality of pieces of equipment located in the first modular
cleanroom, the second modular cleanroom, and the third modular cleanroom and
the method comprises:

modifying the first arrangement of the first plurality of pieces of eguipment
o produce a secend production line having a second arrangement of a second
plurality of pieces of equipment located in the first modular cleanroom, the second
modular cleanroom, and the third modutar cleanroom, the second arrangement of
the second plurality of pisces of equipment being produced by at least one of:

removing a piece of equipment included in the first plurality of pieces
of equipment from the first modular cleanroom, the second modular

cleanroom, or the third modular cleanroom;
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adding a first additional piece of equipment to the first plurality of
pieces of equipment in the first modular cleanrocom, the second modular
cleanroom, or the third modular cleanroom; or

changing a location of a second additional piece of equipment
included in the first plurality of pieces of equipment.
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