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CUSTOMIZABLE METHODS AND SYSTEMS OF GROWING AND HARVESTING CELLS
IN A HOLLOW FIBER BIOREACTOR SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application Ser. No. 61/391,152, filed on
October 8, 2010, and entitled, “Methods of Growing and Harvesting Cells in a Hollow Fiber
Bioreactor System” and of U.S. Provisional Application Ser. No. 61/434,726, filed on January 20,
2011, and entitled, “Methods of Growing and Harvesting Cells in a Hollow Fiber Bioreactor System.”
The disclosures of the above-identified applications are hereby incorporated by reference in their

entireties as if set forth herein in full for all that they teach and for all purposes.

FIELD

Embodiments of the present disclosure relate to cell growth in cell expansion systems.

BACKGROUND
The use of stem cells in a variety of medical treatments and therapies is receiving growing attention.
Cell expansion systems can be used to grow stem cells, as well as other types of cells, such as bone
marrow cells which may include stem cells. Stem cells which are expanded from donor cells can be
used to repair or replace damaged or defective tissues and are considered for treating a wide range of
diseases. Cell expansion systems (CESs) are used to expand cells and may be used to expand donor
stem cells from bone marrow. Stem cells may be grown in hollow fiber bioreactors in a cell

expansion system.

SUMMARY
Embodiments of the present disclosure generally relate to providing processor-implemented methods
and systems for customizing protocols or tasks for use with a cell expansion system. Aspects of
particular embodiments provide for a user interface (UI) and the use of graphical user interface (GUI)
elements for creating a custom or user-defined protocol or task. In embodiments, steps may be added
and/or omitted from a custom or user-defined task. Further embodiments provide for a custom or
user-defined task to be ;:onﬁgured. In embodiments, UI or GUI elements associated with settings for
particular steps of a custom protocol or task used with the cell expansion system are rendered and
displayed in diagram windows on a display device. Such UI or GUI elements may be selected to
configure one or more settings. In embodiments, configured settings for a custom or user-defined task

are stored and available for subsequent retrieval in performing actions related to the task.

The disclosure relates to a processor-implemented method for customizing a task for use with a cell

expansion system. The method includes the steps of providing a cell expansion system; providing a
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bioreactor in the cell expansion system; providing a user interface for customizing a first custom task;
receiving, through the user interface, a first selection of the first custom task, wherein the first custom
task comprises a first step; providing a first setting for the first step in a table view; receiving a second
selection to add a second step to the first custom task; providing a second setting for the second step
in the table view; receiving a third selection to configure the first step of the first custom task;
determining the first setting is configurable; and providing a diagram view of the cell expansion
system, comprising: associating the diagram view with the first step, providing the first setting as a
first graphical user interface element, and, in response to determining the first setting is configurable,

enabling the first graphical user interface element for selection.

In at least one embodiment, the receiving a second selection to add a second step includes receiving a
type of step to add, in which the type of step comprises one or more from the group consisting of:
wash out lines, wash out lines through membrane, wash rapidly, harvest cells, add bolus, and custom.
In at least one embodiment, receiving a first selection of a first custom task comprises: receiving a
touch event on a display area of the user interface of the cell expansion system, determining a location
of the touch event, mapping the location of the touch event to the first graphical user interface
element, and determining the first graphical user interface element is associated with the first setting.
In at least one embodiment, the touch event is received on a touch screen. In at least one
embodiment, displaying the diagram view of the cell expansion system further comprises: depicting

an intracapillary side of the bioreactor, and depicting an extracapillary side of the bioreactor.

In at least one embodiment, the method further includes determining whether the first setting is
associated with a numeric value; and, if the first setting is associated with the numeric value,
providing a data entry pad in the diagram view to receive the numeric value. In at least one
embodiment, the method further includes if the first setting is not associated with the numeric value,
determining if the first setting is associated with a menu of selection options; and, if the first setting is
associated with the menu of selection options, providing the menu of selection options in the diagram
view. In at least one embodiment, the method further comprises: receiving data for configuring the
first setting, storing the data received for configuring the first setting, receiving an indication to
execute the first custom task, and executing the first custom task with the data received for

configuring the first setting.

In at least one embodiment, the first setting comprises one or more from the group consisting of:
intracapillary inlet, intracapillary inlet rate, intracapillary circulation rate, extracapillary inlet,
extracapillary inlet rate, extracapillary circulation rate, rocker, and stop condition. In at least one
embodiment, the enabling of the first graphical user interface element for selection comprises:

associating a first visual indicia with the first graphical user interface element, and, in response to
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determining the first setting is configurable, associating a second visual indicia with the first graphical

user interface element.

The disclosure also relates to a cell expansion system. The cell expansion system comprises: a cell
expansion system, including a bioreactor; a processor coupled to the cell expansion system; a display
device, in communication with the processor, operable to display data; and a memory, in
communication with and readable by the processor, and containing a series of instructions that, when
executed by the processor, cause the processor to: receive a first selection of a task; provide a task
type, wherein the task type comprises one or more from the group consisting of: a predetermined task
type and a user-defined type; receive a second selection of a first user-defined task, wherein the first
user-defined task comprises a first process; provide one or more settings for the first process in a table
view; provide first data associated with at least a first setting of the one or more settings for the first
process; receive an indication to add a second process to the first user-defined task; add the second
process to the first user-defined task; receive an indication to modify the first process; display a
diagram view associated with the first process, wherein the displaying comprises: associate the
diagram view with the first process, provide the first setting as a first graphical user interface element,
and, in response to determining the first setting may be modified, enabling the first graphical user
interface element for selection; receive second data associated with the first setting; receive an
indication to execute the first user-defined task; and execute the first user-defined task, comprising:

execute the first user-defined task using the received second data associated with the first setting.

In at least one embodiment, the system further comprises after executing the first user-defined task,
receive a second indication to execute the first user-defined task; and execute the first user-defined
task using the first data associated with the at least a first setting. In at least one embodiment, the
system comprises: in response to receiving the indication to add the second process, retrieve a type of
process to add; provide a selection window of the type of process to add; and receive a third selection
of the type of process to add. In at least one embodiment, the type of process to add comprises one or
more from the group consisting of: wash out lines, wash out lines through membrane, wash rapidly,
harvest cells, add bolus, and custom. In at least one embodiment, the system comprises: receive a
fourth selection to configure the first user-defined task; display a diagram view comprising the first
and second processes; receive a fifth selection to configure the second process; configure the second
process; and store the configuration of the first user-defined task. In at least one embodiment, the
system comprises after adding the second process to the first user-defined task, receive an indication
to omit the second process from the first user-defined task; and omit the second process from the first
user-defined task. In at least one embodiment, the displaying the diagram view comprises depicting

an intracapillary side of the bioreactor of the cell expansion system; and depicting an extracapillary

side of the bioreactor.
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The disclosure further provides for a non-transitory processor-readable storage medium storing
executable instructions which when executed by a processor perform a method of customizing a task
used with a cell expansion system. The method includes the steps of receiving an indication to create
a first custom task for use with the cell expansion system, wherein the cell expansion system
comprises a bioreactor; receiving a first selection of the first custom task, wherein the first custom
task comprises a first process; providing a setting associated with the first process; receiving a second
selection to add a second process to the first custom task; in response to receiving the second
selection, retrieving a type of process to add; providing a selection window comprising the types of
processes to add, wherein the types of processes to add comprise one or more from the group
consisting of® wash out lines, wash out lines through membrane, wash rapidly, harvest cells, add
bolus, and custom; receiving a third selection of the type of process to add; adding the selected type of
process as the second process to the first custom task; receiving data associated with a first setting of

the first process; and executing the first custom task with the data received for the first setting of the

first process.

In at least one embodiment, the method includes receiving an indication to configure the first custom
task; receiving a numeric value for configuring a second setting of the first process; and storing the
numeric value in association with the first custom task. In at least one embodiment, the method
includes: based on the numeric value received for the second setting, determining to calculate a
second numeric value for a third setting of the first process; automatically calculating the second
numeric value; providing the second numeric value for the third setting of the first process; and

storing the second numeric value in association with the first custom task.

This Summary is included to provide a selection of concepts in a simplified form, in which such
concepts are further described below in the Detailed Description. This Summary is not intended to be
used in any way to limit the claimed subject matter’s scope. Features, including equivalents and

variations thereof, may be included in addition to those provided herein.

BRIEF DESCRIPTION OF THE DRAWINGS
Embodiments of the present disclosure may be described by referencing the accompanying figures. In

the figures, like numerals refer to like items.

FIG. 1 illustrates a perspective view of a hollow fiber bioreactor in accordance with embodiments of
the present disclosure.

FIG. 2 depicts a schematic of one embodiment of a cell expansion system.

FIG. 3 illustrates a perspective view of the cell expansion system with a pre-mounted fluid

conveyance device in accordance with embodiments of the present disclosure.
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FIG. 4 depicts a perspective view of the housing of the cell expansion system in accordance with

embodiments of the present disclosure.

FIG. 5 illustrates a perspective view of the pre-mounted fluid conveyance device in accordance with
embodiments of the present disclosure.

FIG. 6 depicts a perspective view of the air removal chamber in accordance with embodiments of the
present disclosure.

FIG. 7 illustrates an example logical representation of an environment for interacting with a Ul of a
cell expansion system in accordance with embodiments of the present disclosure.

FIG. 8 depicts an example Ul showing GUI elements and features for configuring the cell expansion
system in accordance with embodiments of the present disclosure.

FIG. 9A illustrates an example Ul showing GUI elements and features for configuring display settings
of the cell expansion system in accordance with embodiments of the present disclosure.

FIG. 9B depicts an example data entry window with the UI of FIG. 9A for entering data for
configuring display settings of the cell expansion system in accordance with embodiments of the
present disclosure.

FIG. 9C illustrates an example UI showing configuration aspects for display settings of the cell
expansion system in accordance with embodiments of the present disclosure.

FIG. 9D depicts an example Ul showing a language selection window for configuring display settings
of the cell expansion system in accordance with embodiments of the present disclosure.

FIG. 10A illustrates an example Ul providing GUI elements and features for configuring system
settings of the cell expansion system in accordance with embodiments of the present disclosure.

FIG. 10B depicts an example data entry window with the UI of FIG. 10A for entering data for
configuring system settings of the cell expansion system in accordance with embodiments of the
present disclosure.

FIG. 11 illustrates an example Ul for configuring settings of a protocol used with the cell expansion
system in accordance with embodiments of the present disclosure.

FIG. 12A illustrates an example Ul for configuring settings of a custom or user-defined task used with
the cell expansion system in accordance with embodiments of the present disclosure.

FIG. 12B depicts a window for selecting a step for adding to a custom or user-defined task in
accordance with embodiments of the present disclosure.

FIG. 12C illustrates an example Ul for configuring a custom or user-defined task with multiple steps
for use with the cell expansion system in accordance with embodiments of the present disclosure.
FIG. 13A depicts an example UI showing a diagram view or window for configuring a setting of a

process used with the cell expansion system in accordance with embodiments of the present

disclosure.
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FIG. 13B illustrates an example data entry window with the example UT of FIG. 13 A for providing
data for configuring a protocol for use with the cell expansion system in accordance with
embodiments of the present disclosure.

FIG. 13C depicts an example window of selection options with the example Ul of FIG. 13A for
configuring a protocol for use with the cell expansion system in accordance with embodiments of the
present disclosure.

FIGS. 14A, 14B, 14C, and 14D illustrate a flow diagram depicting the operational characteristics of a
process for modifying the settings of a protocol for use with the cell expansion system in accordance
with embodiments of the present disclosure.

FIGS. 15A and 15B depict a flow diagram illustrating the operational characteristics of a process for
configuring aspects of the cell expansion system in accordance with embodiments of the present
disclosure.

FIG. 16 illustrates a flow diagram showing the operational characteristics of a process for executing a
configured task with the cell expansion system in accordance with embodiments of the present
disclosure.

FIG. 17 depicts a flow diagram illustrating the operational characteristics of a process for mapping a
location of a touch event, on a display area of the cell expansion system, to a Ul element in
accordance with embodiments of the present disclosure.

FIGS. 18A, 18B, 18C, and 18D illustrate a flow diagram showing the operational characteristics of a
process for configuring the settings of a protocol used with the cell expansion system in accordance
with embodiments of the present disclosure.

FIGS. 19A, 19B, 19C, and 19D depict a flow diagram illustrating the operational characteristics of a
process for configuring the settings of a custom or user-defined task used with the cell expansion
system in accordance with embodiments of the present disclosure.

FIGS. 20A and 20B illustrate a flow diagram depicting the operational characteristics of a process for
modifying a protocol, from the perspective of a user or operator, for example, for use with the cell
expansion system in accordance with embodiments of the present disclosure.

FIG. 21 depicts a flow diagram showing the operational characteristics of a process for creating a
custom or user-defined task, from the perspective of a user or operator, for example, for use with the
cell expansion system in accordance with embodiments of the present disclosure.

FIGS. 22A, 22B, and 22C illustrate a flow diagram depicting the operational characteristics of a
process for configuring a protocol for use with the cell expansion system, from the perspective of a
user or operator, for example, in accordance with embodiments of the present disclosure.

FIG. 23 depicts an example data structure associated with a setting of a protocol step for use with the
cell expansion system in accordance with embodiments of the present disclosure.

FIG. 24 illustrates an example processing system of the cell expansion system upon which

embodiments of the present disclosure may be implemented.
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DETAILED DESCRIPTION
The following Detailed Description provides a discussion of illustrative embodiments with reference
to the accompanying drawings. The inclusion of specific embodiments herein should not be
construed as limiting or restricting the present disclosure. Further, while language specific to features,
acts, and/or structures, for example, may be used in describing embodiments herein, the claims are not
limited to the features, acts, and/or structures described. A person of skill in the art will understand
other embodiments, including improvements, that are within the spirit and scope of the present

disclosure.

Embodiments of the present disclosure are generally directed to sterile methods for loading, growing,
and harvesting cells in a hollow fiber cell growth chamber of a closed cell expansion system. In
further embodiments, sterile methods are provided for loading, growing, and harvesting adherent
cells, in particular mesenchymal stem cells, in the hollow fiber cell growth chamber of the closed cell

expansion system. A closed system means that the contents of the system are not directly exposed to

the atmosphere.

With reference now to Fig. 1, an example of a hollow fiber cell growth chamber 100 which may be
used with the present disclosure is shown in front side elevation view. Cell growth chamber 100 has a
longitudinal axis LA-LA and includes cell growth chamber housing 104. In at least one embodiment,
cell growth chamber housing 104 includes four openings or ports: IC inlet port 108, IC outlet port
120, EC inlet port 128, and EC outlet port 132. It should be noted that like elements are represented

by like numerals in all of the Figures.

According to embodiments of the present disclosure, fluid in a first circulation path enters cell growth
chamber 100 through IC inlet port 108 at a first longitudinal end 112 of the cell growth chamber 100,
passes into and through the intracapillary side (referred to in various embodiments as the
intracapillary (“IC”) side or “IC space™ of a hollow fiber membrane) of a plurality of hollow fibers
116, and out of cell growth chamber 100 through IC outlet port 120 located at a second longitudinal
end 124 of the cell growth chamber 100. The fluid path between the IC inlet port 108 and the IC
outlet port 120 defines the IC portion 126 of the cell growth chamber 100. Fluid in a second
circulation path flows in the cell growth chamber 100 through EC inlet port 128, comes in contact
with the extracapillary side or outside (referred to as the “EC side” or “EC space” of the membrane)
of the hollow fibers 116, and exits cell growth chamber 100 via EC outlet port 132. The fluid path
between the EC inlet port 128 and the EC outlet port 132 comprises the EC portion 136 of the cell
growth chamber 100. Fluid entering cell growth chamber via the EC inlet port 128 is in contact with

the outside of the hollow fibers 116. Small molecules (e.g., ions, water, oxygen, lactate, etc.) can
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diffuse through the hollow fibers from the interior or IC space of the hollow fiber to the exterior or EC
space, or from the EC space to the IC space. Large molecular weight molecules such as growth
factors are typically too large to pass through the hollow fiber membrane, and remain in the IC space
of the hollow fibers. The media may be replaced as needed. Media may also be circulated through an
oxygenator 232 (Fig. 2) to exchange gasses as needed. Cells can be contained within the first
circulation path 202 and/or second circulation path 204 as described below, and can be on either the

IC side and/or EC side of the membrane.

The material used to make the hollow fiber membrane may be any biocompatible polymeric material
which is capable of being made into hollow fibers. One material which may be used is a synthetic
polysulfone-based material, according to an embodiment of the present disclosure. In order for the
cells to adhere to the surface of the hollow fibers, the surface may be modified in some way, either by
coating at least the cell growth surface with a protein such as fibronectin or collagen, or by exposing
the surface to radiation. A gamma irradiated polysulfone-based membrane for cell expansion is
described in WO 2010/034466. Gamma treating the membrane surface allows for attachment of
adherent cells without additionally coating the membrane with fibronectin or the like. Bioreactors

made of gamma treated membranes can be reused.

Referring now to Fig. 2, a schematic of one possible embodiment of a cell expansion system (CES)
which may be used with the present disclosure is shown. In this embodiment and in all the examples
or protocols below, the cells are grown in the IC space. CES 200 includes first fluid circulation path
202 (also referred to as the “intracapillary loop” or “IC loop™) and second fluid circulation path 204
(also referred to as the “extracapillary loop” or “EC loop™). First fluid flow path 206 is fluidly
associated with cell growth chamber 100 to form first fluid circulation path 202. Fluid flows into cell
growth chamber 100 through IC inlet port 108, through hollow fibers in cell growth chamber 100, and
exits via IC outlet port 120. Pressure gauge 210 measures the pressure of media leaving cell growth
chamber 100. Media flows through IC circulation pump 212 which can be used to control the rate of
media flow. IC circulation pump 212 may pump the fluid in a first direction or second direction
opposite the first direction. Exit port 120 can be used as an inlet in the reverse direction. Media
entering the IC loop may enter through valve 214. As those skilled in the art will appreciate,
additional valves and/or other devices can be placed at various locatiohs to isolate and/or measure
characteristics of the media along portions of the fluid paths. Accordingly, it is to be understood that
the schematic shown represents one possible configuration for various elements of the CES and

modifications to the schematic shown are within the scope of the one or more present embodiments.

With regard to the IC loop, samples of media can be obtained from sample port 216 or sample coil

218 during operation. Pressure/temperature gauge 220 disposed in first fluid circulation path 202
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allows detection of media pressure and temperature during operation. Media then returns to IC inlet
port 108 to complete fluid circulation path 202. Cells grown/expanded in cell growth chamber 100
can be flushed out of cell growth chamber 100 into harvest bag 299 through valve 298 or redistributed
within the hollow fibers for further growth. This will be described in more detail below. In this

example, cells are grown in the IC space.

Fluid in second fluid circulation path 204 enters cell growth chamber 100 via EC inlet port 128, and
leaves cell growth chamber 100 via EC outlet port 132. Media in the EC loop is in contact with the
outside of the hollow fibers in the cell growth chamber 100, thereby allowing diffusion of small

molecules into and out of the hollow fibers.

Pressure/temperature gauge 224 disposed in the second fluid circulation path 204 allows the pressure
and temperature of media to be measured before the media enters the EC space of the cell growth
chamber 100. Pressure gauge 226 allows the pressure of media in the second fluid circulation path
204 to be measured after it leaves the cell growth chamber 100. With regard to the EC loop, samples

of media can be obtained from sample port 230 or a sample coil (not shown) during operation.

After leaving EC outlet port 132 of cell growth chamber 100, fluid in second fluid circulation path
204 passes through EC circulation pump 228 to oxygenator 232. EC circulation pump 228 may also
pump the fluid in opposing directions. Second fluid flow path 222 is fluidly associated with
oxygenator 232 via oxygenator inlet port 234 and oxygenator outlet port 236. In operation, fluid
media flows into oxygenator 232 via oxygenator inlet port 234, and exits oxygenator 232 via
oxygenator outlet port 236. Oxygenator 232 adds oxygen to and removes bubbles from media in the
CES. In various embodiments, media in second fluid circulation path 204 is in equilibrium with gas
entering oxygenator 232. The oxygenator 232 can be any appropriately sized oxygenator or gas
transfer device known in the art. Air or gas flows into oxygenator 232 via filter 238 and out of
oxygenator or gas transfer device 232 through filter 240. Filters 238 and 240 reduce or prevent
contamination of oxygenator 232 and associated media. Air or gas purged from the CES 200 during

portions of a priming sequence can vent to the atmosphere via the oxygenator 232.

In the configuration depicted for CES 200, fluid media in first fluid circulation path 202 and second
fluid circulation path 204 flows through cell growth chamber 100 in the same direction (a co-current

configuration). The CES 200 can also be configured to flow in a counter-current conformation.

In accordance with at least one embodiment, media, such as cells (from bag 262), and fluid media
from bag 246 can be introduced to first fluid circulation path 202 via first fluid flow path 206. Fluid
containers, or media bags, 244 (e.g., Reagent) and 246 (e.g., IC Media) may be fluidly associated with
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either first fluid inlet path 242 via valves 248 and 250, respectively or second fluid inlet path 274 via
valves 270 and 276. First and second sterile sealable input priming paths 208 and 209 are provided.
Air removal chamber (ARC) 256 is fluidly associated with first circulation path 202. The air removal
chamber 256 may include one or more ultrasonic sensors including an upper sensor 1268 and lower
sensor 1264 to detect air, a lack of fluid, and/or a gas/fluid interface, e.g., an air/fluid interface, at
certain measuring positions within the air removal chamber 25 6 (sec Fig. 6). For example, ultrasonic
sensors may be used near the bottom and/or near the top of the air removal chamber 256 to detect air,
fluid, and/or an air/fluid interface at these locations. Embodiments provide for the use of numerous
other types of sensors without departing from the spirit and scope of the present disclosure. For
example, optical sensors may be used in accordance with embodiments of the present disclosure. Air
or gas purged from the CES 200 during portions of the priming sequence or other protocols can vent

to the atmosphere out air valve 260 via line 258 that is fluidly associated with air removal chamber
256.

Fluid container 262 (e.g., Cell Inlet Bag (or Saline Priming Fluid for priming air out of the system)) is
fluidly associated with the first fluid circulation path 202 via valve 264.

EC media (from bag 268) or wash solution (from bag 266) may be added to either the first or second
fluid flow path. Fluid container 266 may be fluidly associated with valve 270 that is fluidly associated
with first fluid circulation path 202 via distribution valve 272 and first fluid inlet path 242.
Alternatively, fluid container 266 can be fluidly associated with second fluid circulation path 204 via
second fluid inlet path 274 and second fluid flow path 284 by opening valve 270 and closing
distribution valve 272. Likewise, fluid container 268 is fluidly associated with valve 276 that may be
fluidly associated with first fluid circulation path 202 via first fluid inlet path 242 and distribution
valve 272. Alternatively, fluid container 268 may be fluidly associated with second fluid inlet path
274 by opening valve 276 and closing valve distribution 272.

An optional heat exchanger 252 may be provided for media reagent or wash solution introduction.

In the IC loop, fluid is initially advanced by the IC inlet pump 254. In the EC loop, fluid is initially
advanced by the EC inlet pump 278. An air detector 280, such as an ultrasonic sensor, may also be

associated with the EC inlet path 284.

In at least one embodiment, first and second fluid circulation paths 202 and 204 are connected to
waste line 288. When valve 290 is opened, IC media can flow through waste line 288 and to waste

bag 286. Likewise, when valve 292 is opened, EC media can flow through waste line 288 to waste
bag 286.
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Cells can be harvested via cell harvest path 296. Here, cells from cell growth chamber 100 can be

harvested by pumping the IC media containing the cells through cell harvest path 296 and valve 298
to cell harvest bag 299.

Various components of the CES 200 can be contained or housed within an incubator machine or

housing 304 (Fig. 3), wherein the incubator maintains cells and media at a desirable temperature.

With reference now to Fig. 3, an embodiment of a CES 200 is shown. The CES 200 includes a cell
expansion housing or machine 304 that comprises a hatch or closable door 308 for engagement with a
back portion 312 of the cell expansion machine 200. An interior space 316 within the cell expansion
machine 304 includes features adapted for receiving and engaging a premounted fluid conveyance
assembly 320. The premounted fluid conveyance assembly 320 is detachably-attachable to the cell
expansion machine 200 to facilitate relatively quick exchange of a new or unused premounted fluid
conveyance assembly 320 at a cell expansion machine 200 for a used premounted fluid conveyance
assembly 320 at the same cell expansion machine 200. Advantageously, a single cell expansion
machine 304 can be operated to grow or expand a first set of cells using a first premounted fluid
conveyance assembly 320, and thereafter, used to grow or expand a second set of cells using a second
premounted fluid conveyance assembly 320 without needing to be sanitized between interchanging
the first premounted fluid conveyance assembly 320 for the second premounted fluid conveyance
assembly 320. The premounted fluid conveyance assembly includes the bioreactor 100 and the
oxygenator 232. Tubing guide slots are shown as 612 for receiving various media tubing connected to

premounted fluid conveyance assembly 320.

Referring now to Fig. 4, the back portion 312 of a cell expansion machine 304 is shown prior to
detachably-attaching a premounted fluid conveyance assembly 320. For clarity, the closable door 308
(shown in Fig. 3) is omitted from Fig. 4. The back portion 312 of the cell expansion machine 304
includes a number of different structures for working in combination with elements of a premounted
fluid conveyance assembly 320. More particularly, the back portion 312 of the cell expansion
machine 304 includes a plurality of peristaltic pumps for cooperating with pump loops 404 (Fig. 5),
including the IC circulation pump 212, the EC circulation pump 228, the IC inlet pump 254, and the
EC inlet pump 278. In addition, the back portion 312 of the cell expansion machine 104 includes a
plurality of valves, including the IC circulation valve 214, the reagent valve 248, the IC media valve
250, the air removal valve 260, the cell inlet valve 264, the wash valve 270, the distribution valve 272,
the EC media valve 276, the IC waste valve 290, the EC waste valve 292, and the harvest valve 298.
Several sensors are also associated with the back portion 312 of the cell expansion machine 304,

including the IC outlet pressure sensor 210, the combination IC inlet pressure and temperature sensors
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220, the combination EC inlet pressure and temperature sensors 224, and the EC outlet pressure

sensor 226. Also shown is the optical sensor 616 for the air removal chamber 256.

Referring still to Fig. 4, a shaft or rocker control 604 for rotating the bioreactor 100 is shown. Shaped
fitting 608 associated with the shaft 604 allows for proper alignment of a shaft access aperture 324
(Fig. 5) of the tubing-organizer 300 of the premounted conveyance assembly with the back portion
312 of the cell expansion machine 304. Rotation of rocker control 604 imparts rotational movement
to shaft fitting 508 (Fig. 5) and bioreactor 100. Thus, when an operator of the CES200 attaches a new
or unused premounted fluid conveyance assembly 320 to the cell expansion machine 304, the
alignment is a relatively simple matter of properly orienting the shaft access aperture 324 of the

premounted fluid conveyance assembly 320 with the shaped fitting 608.

Referring now to Fig. 5, a perspective view of a detachably-attachable premounted fluid conveyance
assembly 320 is shown. The premounted fluid conveyance assembly 320 is detachably-attachable to
the cell expansion housing304 to facilitate relatively quick exchange of a new or unused premounted
fluid conveyance assembly 320 at a cell expansion machine 304 for a used premounted fluid
conveyance assembly 320 at the same cell expansion machine 304. As shown in Fig. 5, the bioreactor
100 is attached to a bioreactor coupling that includes a shaft fitting 508. The shaped fitting 508
includes one or more shaft fastening mechanisms, such as a biased arm or spring member 512 for

engaging a shaft (shown in Fig. 4) of the cell expansion machine 304.

Referring still to Fig. 5, the premounted fluid conveyance assembly 320 typically includes tubing 408
and various tubing fittings 412 to provide the fluid paths shown in Fig. 2. Pump loops 404 are also
provided for the pump. Although the various media are typically provided at the site where the cell
expansion machine 304 is located, the premounted fluid conveyance assembly 320 typicaily includes
sufficient tubing length to extend to the exterior of the cell expansion machine 304 and to enable

welded connections to tubing associated with the media bags.

The air removal chamber or ARC will now be described with respect with Fig. 6. In accordance with
at least one embodiment, the air removal chamber 256 is mounted in a substantially vertical
orientation on the premounted fluid conveyance assembly 320, such that air or gas bubbles within the
fluid rise upward away from the bottom 1212 toward the vent aperture 1224 preferably located at the
top 1228 along the vertical direction of the air removal chamber 256, or at least vertically above the

fluid entrance aperture 1220 and fluid exit aperture 1236.

Referring again to Fig. 6 in at least one embodiment a plurality of fluid level sensors is used in

combination with the air removal chamber 256. In at least one embodiment, the sensors are located
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on the cell expansion machine 304 at 616. More particularly, while the air removal chamber 256 is
connected to a premounted fluid conveyance assembly 320 that can be detachably-attached to the cell
expansion machine 304, the fluid level sensors for the air removal chamber 256 form part of the cell

expansion machine 304.

In accordance with at least one embodiment, at least two sensors are used with the air removal
chamber 256 to provide "high" and "low" fluid level sensing capability. Accordingly, operating
protocol for the CES 100 includes monitoring the fluid level within the air removal chamber 256 and
adjusting the pumping rate of the peristaltic pumps as necessary to maintain an appropriate fluid level
within the fluid containment chamber 1208 of the air removal chamber. This operating protocol may
include increasing or decreasing the pumping rates associated with pumps on either one or both the
upstream and downstream sides of the air removal chamber 256. The ARC as described below also

functions as a stop indication for various protocols.

In at least one embodiment, a first fluid level sensor 1264 (or low level fluid sensor) is situated to
detect a fluid level in the air removal chamber 256 at a level of approximately ¥4 full, and a second
fluid level sensor 1268 (or high level fluid sensor) is situated to detect a fluid level in the air removal

chamber 256 at a level of approximately 3/4 full. The position of the fluid level sensors 1264 and

- 1268 allow the fluid level within the air removal chamber 256 to be adjusted to ensure that air does

not pass though the fluid exit aperture 1236 and enter the fluid exit tube 1240 at the bottom 1212 of
the air removal chamber 256 because of too low a fluid level, and that fluid does not exit through vent

aperture 1224 located at the top 1228 of the air removal chamber 256 because of too high a fluid level.

As will be recognized by those of skill in the art, any number of fluid containers (e.g., media bags)

can be fluidly associated with the CES in any combination.

Protocols will now be described with respect to the schematic described in Fig. 2, in accordance with

embodiments of the present disclosure.

The following is a definition section for the Protocols described below. Points A through H on the
schematic of Fig.2 are also described in the definition section below. In the protocols or examples

described the definition section may be referenced for various descriptions.

Protocols Parameter Definitions

Para- 1 yove Explanations

meter

VOLUME (mL)

Vi | 189.1 | IC Loop Volume, Virict2Varicat Ver
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VEar 305.6 | EC Loop Volume, VegpctVau
Viens '29 3 Volume from bags to IC Loop, ARC volume is assumed to be 10 mL, inlet bag
' length assumed to be 3 mL
VEcBL 18.5 Volume from bags to EC Loop, inlet bag length assumed to be 3 mL
Vics 218.4 i IC Exchange volume = V¢ + Vicpr
Vece 324.1 | EC Exchange volume = Vgep + Vicar
v 9 Point “A” on Fig. 2 to Bioreactor inlet (includes header volume), excludes value
ABI directly from ARC to T-junction
Vo 491 Point “A” of Fig. 2 to Bioreactor outlet (includes header volume), excludes value
' directly from ARC to T-junction
Vas 32.6 Volume from point “A” to point “B” of Fig. 2
Vep 3.8 Volume from point “C” to point “D” of Fig. 2
Varc 11.1 Volume used to flush ARC contents into IC Loop = Vrca+ Varcss
Viric 138 Volume of the IC side of bioreactor, excludes headers
Varice | 4.5 Volume of IC header
Vgr 42.1 Volume from Point “E” to Point “F”IC loop of Fig. 2 excluding bioreactor
Varee | 266 Volume of the EC side of the bioreactor
Van 39.6 Volume from Point “G” to Point “H”EC loop of Fig. 2 excluding bioreactor
VEa 37.6 Volume from Point “F” to Point “A” IC loop of Fig. 2 excluding bioreactor
VEa 4.5 Volume from Point “E” to Point “A” IC loop of Fig. 2 excluding bioreactor
Varca | 4.1 Volume from the bottom sensor of the ARC to Point “A” of Fig. 2
Varcas | 7 Volume of ARC between sensors
Varcr | 2 Volume to fill above ARC top sensor
Vrro 40.2 (1 + LP%/100) * Vicpp, + SmL
Vpicer | 157.4 | Line volume being primed for IC side of bioreactor
Veicer | 33 Line volume being primed for IC Circulation pump
Vegcer | 4.6 Line volume being primed for EC Circulation pump
VrReL 20.9 Line volume being primed for Reagent/EC Media loop
Vewn, | 20 Line volume being primed for Wash/IC Media loop
Vercer | 308.3 | Line volume being primed for Dist. Valve and EC bioreactor
Volume from the bottom of the ARC to the IC inlet pressure pod includes
Vicearc | 6.5 . ]
pressure pod.
Vumres | 18.6 Maximum volume to bottom ARC sensor
Vurrs | 25.6 Maximum volume to top ARC sensor (Vyrps + Varcss)
Varrees | 33.1 Maximum volume to EC fluid sensor
VABO% 82.4% = VABO * 100/ (VABI + VABO)
AB% 17.2% = VAB *100 /VICL
CD% 12% | =Vcp * 100/ Vg
SP% 20% Pump error to be added to a volume from a small pump
LP% 20% Pump error to be added to a volume from a large pump
POINTS ON HYDRAULIC LAYOUT AS SHOWN ON FIG. 2
A T-junction immediately below the ARC where IC fluid enters the IC loop.
B Location in the IC Loop where fluid leaves the loop on its way to the Waste Bag
C T-junction where EC fluid enters the EC loop.
D Location in the EC Loop where fluid leaves the loop on its way to the Waste
Bag.
E Location in the IC Loop where the line meets the IC Inlet header.
F Location in the IC Loop where the line meets the IC Outlet header.
G Location in the EC Loop where the line meets the EC Inlet of the bioreactor.
H Location in the EC Loop where the line meets the EC Outlet of the bioreactor.
PUMP RATES (ml/min)
Qca IC Inlet Pump rate (mIL/min)
Qicc IC Circulation Pump rate (mL/min)
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Qrca EC Inlet Pump rate (ml/min)

Qrcc EC Circulation Pump rate (mL/min)

Qgeem | 30 EC Circulation Pump rate to keep EC Loop well mixed

Qecce | 250 EC circulation pump rate to equilibrate EC loop

Qeew | 20 IC Circulation Pump rate to keep IC Loop well mixed while preventing air from

entering the bioreactor fibers (Qicc + Qiea=Qicem)

Qicce 100 IC circulation pump rate to equilibrate IC loop

Qacavr | 50 EC Inlet rate to create ultra filiration

Max flow rate that does not cause air entrapment when ARC fluid level is at low
Qarc 200 .

level sensor when running
Qrare | 40 IC Inlet pump rate (ml./min) used to fill ARC,
UFR, 60 Negative UFR required to insure zero TMP at the bioreactor outlet when in co-

00 current flow and when IC Inlet rate=400 mL/min and EC waste valve is closed.

TIME (min)
Tem | 10 | Time to equilibrate (condition) media

Note: For all examples the initial position of the bioreactor 100 to define rocker control motion is as

shown in Fig. 3 or parallel to the horizon.

Protocol 1: High Flux Cell Load in Bioreactor Example
In an embodiment, this protocol is to load the cells from cell inlet bag 262 into bioreactor 100 until
the bag 262 is empty. This is a high flux load at a medium flow rate.

Vicar, is the volume from the bags such as cell inlet bag 262 to the IC loop 202. In this example, the
Vicar is 29.3 mL assuming the volume of the air removal chamber (ARC) is 10 mL and the inlet bag
262 length, such as cell inlet bag 262, is 3 mL.

For a high flux cell load, Vo of air is needed in the cell inlet bag. Vo is defined as (1 + LP%/100)
* Vicpr, + 5 mL. In this example, it is 40.2 mL.. LP% is a percentage related to pump error volume

and in this example may be 20%.

The High Flux Load Protocol conditions are:

1) Valve 264 is open.

2) Inlet Pump 254 pumps at 50 mL/min (can be within 20 to 100 mL/min range).
3) IC circulation pump 212 and EC inlet pump 278 are off.

4) EC circulation pump 228 is set at Qgccm Which is a rate selected to keep EC loop well mixed

which in this example is 30 mL/min.

5) IC Valve 290 is open to waste.

6) The bioreactor 100 is rotated using the rocker control from -90° to 180° with 1 second rest at end

points to distribute cells. Alternatively the bioreactor can be fixed.
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7) The high flux cell load is stopped when air is detected in the air removal chamber or ARC by the

lower air sensor 1264.

8) ARC valve 260 is open to vent ARC air to atmosphere.

9) The ARC is then filled with media (either reagent, IC media or wash solution by pump 254 to
upper senor 1268). IC media may be at least 60 mL of media with protein.

10) Cells are chased from the ARC by the fill media of item 9) above to the bioreactor 100 with
larger chase volumes spreading the cells toward the IC outlet 120. '

11) The chase is stopped at a selected IC volume which in this example is 47 mL.
The following is a brief summary of Protocol High Flux Load with chase step.

Protocol 1 High Flux Load
Purpose of protocol: Loads cells into the bioreactor from the cell inlet bag until the bag is empty.

This protocol does not use IC circulation to distribute the cells.

Step 1: Load Bioreactor
Purpose of Step: Loads the cells from the cell inlet bag into the bioreactor.

Precondition: Need at least Vgro of air in cell inlet bag.

Input Range
1C Source Cell Inlet
EC Source None
Stop Condition ARC Stop

Default: 50

IC Inlet Rate (ml./min) Range: 20 to 100 mI/min

IC Circulation Rate (ml./min) [Default: 0

EC Inlet Rate (mL/min) Default: 0

Default: Qpcom

EC Circulation Rate (mL/min) Range: 10 to 300 mL/min

Outlet EC Waste

On or in motion (-90°, 180, 1 sec) (Def) Range: full range
Rocker Control Fixed (0°) Range: full range (deg)
Output: IC volume rate as defined by Stop Condition
Output: EC volume IN/A

Output: Remaining time of step| ARC Stop as defined by Stop Condition

Step 2: Chase to Bioreactor
Purpose of Step: Chases the cells from the ARC to the bioreactor. Larger chase volumes spread the

cells and move them towards the IC outlet.

Precondition: Fill ARC
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Input Range
Reagent
1C Media (Default)
IC Source Wash
EC Media
[EC Source None
Stop Condition IC volume:(V arcatVarcrstVEa)*3 Range: 1 to 200 mL
IC Inlet Rate (mL/min) Default: Same as Step 1

IC Circulation Rate (mL/min)  |Default: Same as Step 1

EC Inlet Rate (mL/min) Default: 0

EC Circulation Rate (mL/min) (Default: Same as Step 1

Outlet EC Waste

Rocker Control Same as Step 1

Output: IC volume Volume as defined by Stop Condition
Output: EC volume IN/A

Output: Remaining time of step |[Countdown in minutes as defined by Stop Condition

Protocol 2: Load Cells into Bioreactor with Circulation Example

In an embodiment , this alternative protocol loads the cells from the IC inlet bag 262 until it is empty
to the bioreactor 100. It uses the IC circulation loop 202 for the load. The cell inlet bag contains at
least Vyrg of air, The IC circulation pump 212 permits load from both the inlet 108 and outlet 120 of

bioreactor 100.

The conditions for the Protocol Load Cells into Bioreactor with Circulation are:

1) Valve 264 is open.

2) Inlet pump 254 operates at 50 mL/min within a range of 200 to 100 mL/min.

3) IC circulation rate using pump 212 is Vicr/min - Qgea

Vg is the 1C loop 202 volume or

Veric + 2 Viricn + Ver

Varic is the volume of the IC side of bioreactor 100 excluding headers. Vggicy is the volume of the
headers. Vgr is the volume of the IC loop from E to F on Fig. 2 excluding the bioreactor. Qic, is the
inlet pump rate. The range for the IC circulation rate is from 20 to 300 mL/min and depends on the
IC inlet rate. In this example it is 139 mL/min.

4) EC inlet is O with default Qgceom in a range from 10 to 300 mL/min.

5) The EC circulation rate is Qgccy, for example 30 mL/min.

6) The outlet the EC waste through valve 292.
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7) Rocker control for the bioreactor 100 is -90° to 180° for 1 second stops at the ends of rotation or

optionally the bioreactor may be fixed.

8) The stop condition is air detection by the ARC by the lower air sensor 1264.

9) After stop condition ARC is filled with desired media to upper sensor 1268and chase liquid chases
the cells from the ARC to the loop. The stop condition for chase is the IC volume (Varca + Varcas) *
2 in arange from 1 to 100. Vagca is the volume from the ARC to point A on Fig. 2 and V gregs is the
volume of the ARC between sensors 1268 and 1264.

10) To load the cells from the IC loop the IC circulation rate is -V ago% 0of Qica. —Vago % is Vapo *
100 / Vagr + Vago- Vago is the volume from point A to the bioreactor 100 outlet (point F) and in this
example is 42.1 mL. Qjca is the inlet pump rate as described above. Vg is the volume from point A
to inlet 108 with V sp0 being the volume from point A to outlet 120.

11) The stop condition for the load is the IC volume 1.5 x Vgp. The range is 0.5 Vgg to 2.0 V.

Vg is the volume of the IC loop 202 from point E to F excluding the bioreactor.

Below is a summary of the circulation load.

Protocol 2 Load with Circulation

Purpose of protocol: Loads the cells into the bioreactor from the cell inlet bag until the bag is empty,

and uses IC circulation to distribute the cells.

Step 1: Load IC Loop
Purpose of Step: Loads the cells into the system.

Precondition: Need at least Vgrp of air in cell inlet bag.

Input Range
1C Source Cell Inlet
EC Source None
Stop Condition ARC Stop

Default: 50

[C Inlet Rate (mL./min) Range: 20 to 100 mL/min

Default: Vicr/min-Qyca
Range: 20 to 300 mL/min

IC Circulation Rate (mL/min)

EC Inlet Rate (mL/min) Default: 0

Default: QECCM

EC Circulation Rate (mL/min) Range: 10 to 300 mL/min

Outlet EC Waste

On (-90°, 180°, 1 sec) (Def) Range: Full Range (deg, time)
Rocker Control Fixed (07) Range: full range (deg)
Output: IC volume rate as defined by Stop Condition
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Output: EC volume

N/A

Output: Remaining time of step

ARC stop as defined by Stop Condition

Note: Qeat + Qrect = nVigr,

Step 2: ARC Chase

Purpose of Step: Chases the cells from the ARC into the IC loop.

Precondition: Fill ARC

Input Range
Reagent
IC Media (Default)
1C Source Wash
EC Media
EC Source None
Stop Condition IC volume: (VarcatVarcss)*2 Range: 1 to 100
IC Inlet Rate (mL/min) Default: Same as Step 1

[C Circulation Rate (mIL/min)

Default: Same as Step 1

EC Inlet Rate (mL/min)

Default: 0

EC Circulation Rate (mL/min)

Default: Same as Step 1

Outlet

EC Waste

Rocker Control

Same as Step 1

Output: IC volume

Volume as defined by Stop Condition

Output: EC volume

N/A

Output: Remaining time of step

Countdown in minutes or manual stop as defined by Stop Condition

Step 3: Load Bioreactor

Purpose of Step: Chases the cells from the IC loop into the bioreactor.

Input Range

IC Source

Reagent

IC Media (Default)
Wash

EC Media

EC Source

None

Stop Condition

IC volume: 1.5 x Vgp (Default)
Range: 0.5VEgg to 2.0V

IC Inlet Rate (mI./min)

Default: Same as Step 1

IC Circulation Rate (mL/min)

Default: -Vapo% of Qica

EC Inlet Rate (mL./min)

Default: 0

EC Circulation Rate (mI/min)

Default: Same as Step 1

Outlet

EC Waste

Rocker Control

Same as Step 1
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Output: IC volume Volume as defined by Stop Condition

Output: EC volume IN/A

Output: Remaining time of step |Countdown in minutes as defined by Stop Condition

Protocol 3: Bone Marrow Washout Example

In an embodiment, this protocol is to remove non-attached/non-adhered cells from the bioreactor. It is
for 25mL to 62 mL bone marrow load though it could be used for load above 10 mL. The bone
marrow washout generally follows bone marrow load. It can also be a wash out protocol when the
bioreactor is packed with a large number of cells though this protocol is typically done after an initial

load. The types of cells removed include red blood cells, platelets and non-adherent bone marrow

cells.

The protocol includes the following:

1) IC media introduced through valve 250. This may be approximately 500 mL with protein.
Optionally wash or EC media could be introduced.

2) EC media is generally media without protein introduced through valve 276. Optionally wash or IC
media could be introduced on EC side.

3) IC inlet rate (mL/min) through pump 254 is expressed as follows:

0, 0<t<t

) 20 + (¥)-20) x (1) / t)h t<t<t
() + () x (E8) 1 (4., p<t<t;
0, <t

In this example the maximum is 100 mL/min.

4) IC circulation rate is expressed as follows: -AB%*Qca
AB% = Vap * 100/VicL

V ap = volume from point A to B on Fig. 2

VicL= IC loop volume

5) EC inlet rate (ml./min)
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20+ (%) -20) x (/) 0<t<t

Q2 t<t<t,
(%) - (%) x (ER) / (ts-t)) H<t<fs
0, ti<t

6) The parameters for both the IC inlet and EC inlets rates are defined in the table following:

Parameter Equation
\ User input — Total IC + EC volume to be pumped (mL).
Q User input — Maximum IC inlet rate (mL/min). Q > 40 mL/min,

ti (minutes)= V x (2 (Q40)/ 3« o _40 x Q- 1600))

t; (minutes)= 2 x t; ; t; (minutes)= (*/,) x ((Q'32)/(Q_40)) x{

7) EC circulation rate (mL/min) = Qgccm of a range from 10 to 300 mIL/min.

Qgcem = rate to keep EC loop well mixed in this example 30mI./min.

8) Rocker control for bioreactor 100 is on with -90°, 180°, for 1 second pause at the ends.

9) The stop condition in this example is an inlet volume of 1000 mL with a range from 400 to 4000.
10) Maximum flow rate of output washout is 100 mL in range from 80 to 200.

Summary of the protocol is below.

Protocol 3 Bone Marrow Washout

Purpose of protocol: Meant for use following a bone marrow load (25 mL to 62 mL) and attachment

phase, this protocol is recommended to remove any non-attached/non-adhered cells from the

bioreactor.

This is also a useful washout protocol for any occasion when the bioreactor is packed with a similar
large number of cells. For bone marrow loads of 10 mL or less, Protocol Aggressive Washout is

recommended. For bone marrow loads between 10 mL to 25 mL, this protocol is optional but may

not be required.

Step 1: Bone Marrow Washout
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Input Range
IC Media(Default)
IC Source Wash
EC Media
1C Media
EC Source Wash
EC Media (Default)
Stop Condition Volume=1000 Range: 400 to 4000
Washout Parameters Maximum Flow Rate (MFR)=100 Range:80 to 200
0, 0<t=sy
20+ ((Q/ 2)-20) x ((t'tl) / tl)’ t<t<ty
IC Inlet Rate (mL/min) (¥) + (¥) % ((t-tz) / (ty- t2))’ <t <t
0, t,<t

where parameters are defined in table following.

IC Circulation Rate (mL/min) (Value: ~AB% * Qca

20+ (%) -20) x (/) 0<t<t,

EC Inlet Rate (mL/min) _ |2 t<t<t,
) -y x () 4 4)) H<t<t
0, ti< t

Default: Qrcem

EC Circulation Rate (mL/min) Range: 10 to 300 mL/min

Outlet IC Waste

Rocker On (-90°, 180°, 1 sec) Range: full range (deg, time)
Output: IC volume Volume as defined by stop condition '

Output: EC volume Volume as defined by stop condition

Output: Remaining time of step|Countdown in minutes as defined by stop condition

Parameter Equation
)\ User input — Total IC + EC volume to be pumped (mL).
Q User input — Maximum IC inlet rate (mL/min). Q > 40 mL/min,
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) (minutes)= V x ((2 x (Q-40)) (3 x Q*40x Q- 1600))

t (minutes)= 2 xt; t; (minutes)= (/) x (Q-32), (Q-40)) * i

Protocol 4: Aggressive Washout for Bone Marrow Loads below 10 mI, Example

In an embodiment, this protocol produces a small amount ultrafiltration into the hollow fiber of the
bioreactor membrane 116 across the entire filter length. The purpose of the protocol is to remove

non-adherent cells from the bioreactor.

The protocol includes:

1) IC source is IC media introduced through valve 250 by pump 254. Alternatively the IC source
could be reagent, wash, or EC media. The IC media may be media with protein estimated in this
example to be about 500 mL.

2) EC source is EC media introduced through valve 276 by pump 278. Alternatively the EC source
could be reagent, IC media, or wash. This may be media without protein.

3) IC pump 254 is set at approximately 260 mL/min inlet rate from a range of 50 to 500 mL/min.
4) IC circulation rate is -AB% * Qica, in this example, -45mL/min.

5) EC inlet rate is 40 mL/min from a range of 0 to 100 mL/min.

6) EC circulation rate is Qgcem or the rate to keep the loop well mixed from a range of 10 to 300
mL/min, in this example 30 mL/min.

7) The IC source goes to waste.

8) The rocker control for the bioreactor 100 may be set at -90% to 180% for 1 second pause at the
ends of the range of motion or optionally could be fixed.

9) The stop condition for the process may be based on time such as up to 60 minutes; IC volume as
defined in the Bone Marrow Washout which may range from is from 0 to 4000 mL range; or the
number of IC exchanges or number of times the IC source fluid is circulated. The number of IC

exchanges may be 2.5 from a range of 0.5 to 5.0
Summary of the protocol is below.
Protocol 4 Aggressive Washout

Purpose of protocol: Removes non-adherent cells from the bioreactor. This protocol imposes a small

ultrafiltration into the fiber across the entire fiber length.
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Step 1: Aggressive Washout

Input Range

Reagent

1C Media (Default)
‘Wash

EC Media

1C Source

Reagent

IC Media

Wash

EC Media (Default)

[EC Source

Time: (1 min) Range: 0.1 to 60 min
Stop Condition [C volume: (Vicg) Range: 1 to 4000 mL
# of IC exchanges: 2.5 (default) Range 0.5 to 5.0

Default: 260

1C Inlet Rate (mL./min) Range: 50 to 500mL/min

[C Circulation Rate (mL/min) |Default: -AB% * Qjca

Default: 40

EC Inlet Rate (mL/min) Range: 0 to 100 mL/min

Default: QECCM

EC Circulation Rate (mL/min) Range: 10 to 300 mL/min

Outlet [C Waste

On (-90°, 180°, 1 sec) (Def)Range: Full Range (deg, time)
Rocker Control Fixed (0°) Range: Full range (deg)
Output: IC volume Volume as defined by Stop Condition
Output: EC volume Volume as defined by Stop Condition

Output: Remaining time of step |Countdown in minutes as defined by Stop Condition

Protocol 5: IC or EC Washout Example

In an embodiment, this protocol is to replace media while growing adherent cells. The protocol

washes out cellular debris and non-adherent cells. The replacement volume is the number of IC and

EC exchangés to be performed or IC or EC volume exchanged.

Vice (IC exchange volume) equals IC loop volume plus volume from media, reagent or wash bags to
IC loop.

Ve (EC exchange volume) equals EC loop volume plus volume from media, reagent or wash bags to
EC loop.

The protocol includes the following.
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1) The IC source is IC media introduced through valve 250 by pump 254. Reagent, EC media, or
wash solution may optionally be used. The IC media may be media with protein. In this example the
volume may be at least 550 mL.

2) The EC source is EC media introduced through valve 276 by pump 278. Reagent, IC media, or
wash solution may optionally be used. The EC media may be media without protein. In this example
the volume may be at least 810 mL.

3) The IC inlet rate is Qgca (number of IC Exc * Vicg) / (number of EC Exc * Vgcp)

Qgca = EC inlet pump rate |

Vicg = IC exchange volume which in this example is 218.4 mL.

Ve = EC exchange volume which in this example is 324.1 mL.

4) IC circulation rate is ~-AB%*Qjca

AB% = Vg (volume from point A to Bin Fig. 2) * 100/ Vicr. Vicr is IC loop volume.

Qica = IC inlet pump 254 rate

5) The EC inlet rate is the lesser of Qqgp or Qumax Where

Q100 = 100 (number of EC Exc * Vgcg) / (number of IC Exc * Vicg) and

Qumax =300

6) The EC circulation rate is -CD% * Qgca. CD% = V¢p (or volume from point C to D, in this
example 3.8 mL) * 100/Vgce.

7) The outlet for the media or washout fluid is either the IC, EC, or both waste 286.

8) The rocker control for the bioreactor 100 is -90° to 180° with 1 second pause at the end of the
range of motion. Or alternatively, there is no rocker control motion.

9) The stop condition to end the process includes the number of IC exchanges (Exc.) which may be
2.5 or optionally within a range from 0.5 to 5. The stop condition also includes the number of EC

exchanges which may be 2.5 or optionally within a range from 0.5 to 5.
A summary of this protocol is as follows.

Protocol 5 IC or EC Washout
Purpose of protocol: Meant for use when growing adherent cells to replace the media in both the IC
loop and EC loop. This protocol provides some washout of cellular debris and non-adherent cells.
The replacement volume is specified as the number of IC and EC exchanges to be performed.
Calculations:

e One IC exchange volume (Vicr) is equal to the IC Loop Volume plus the volume from bags to IC

loop.

e One EC exchange (Vicg) is equal to the EC Loop Volume plus the volume from bags to EC
Loop.
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Step 1: Washout

Input Range

Reagent

IC Media (Default)
Wash

EC Media

IC Source

Reagent

IC Media

'Wash

EC Media (Default)

EC Source

# of IC Exchanges: 2.5 (default) range: 0.5-5.0

Stop Condition # of EC Exchanges: 2.5 (default) range: 0.5-5.0

1C Inlet Rate (ml/min) Value: Qgca (# of IC Exc. * Vicg) / (# of EC Exc. * Vicg)

IC Circulation Rate (ml/min)  |Value: -AB% * Qqca

Initial value: the lesser of Qqgp or Quax; Where
Q100 = 100 (# of EC Exc. * Vgcg) / (# of IC Exc. * Vi) and

EC Inlet Rate (ml/min) Qmax = 300.
EC Circulation Rate (ml/min)  [Value: -CD% * Qgca

EC Waste
Outlet IC Waste

IC&EC Waste (default)

On (-90°, 180°, 1 sec) (Def) Range: full range (deg, time)
Rocker Control Fixed (0%) Range: Full range (deg)
Output: IC volume Volume as-defined by Stop Condition
Output: EC volume Volume as defined by Stop Condition

Output: Remaining time of step [Countdown in minutes as defined by Stop Condition

Protocol 6: Washout through the Membrane Example

In an embodiment, this protocol is to move small molecular components on the IC side to the EC side
of the membrane 116. These molecules pass through the membrane by diffusion or ultrafiltration.
These could include bi-products of the cell growth. IC components retained by the membrane are not
removed from the IC loop. The small molecular weight elements are washed out of the EC side by

replacement fluid.

The replacement volume is specified by the number of IC volumes — EC volumes exchanged.

The protocol includes:

1) The introduction of IC media or optionally other media to the IC side. This may be media with

protein.

2) The introduction of EC media or optionally other media to the EC side. This may be media

without protein.
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3) The IC inlet rate as described for IC/EC washout.

Qgca (number of IC Exc * Vic) / (number of EC Exc * Vicg)

4) The IC circulation rate is defined by -V apo% * Qica.

Vaso% = Vago * 10/ Vagi + Vago

Vago is from point A to bioreactor outlet F on Fig. 2 and in this example is 42.1 mL.
Vapris from point A to bioreactor inlet E on Fig. 2 and in this example is 9 mL.

5) The EC inlet rate is the lesser of Qgs or Qumax Where Qg;s is defined the same as Qg for IC/EC
washout above.

6) The EC circulation rate is -CD% * Qgca as described above for IC/EC washout.
7) The outlet is EC waste.

8) The rocker control is the same for IC/EC washout.

9) The stop condition is the number of IC and EC exchanges which may be 1 or within the range of
0.5to0 5.

The brief summary is as follows.

Protocol 6 IC/EC Washout through Membrane
Purpose of protocol: Replaces small molecule components on IC side, which pass through the
membrane by either diffusion or by ultra filtration. IC components retained by the membrane are not
removed from the IC loop. Components on EC side are washed out by fluid replacement. The
replacement volume is specified as the number of IC and EC exchanges to be performed.
Calculations:

e One IC exchange volume (Vcg) is equal to the IC Loop Volume plus the volume from bags to

IC loop.

e One EC exchange (Vgcg) is equal to the EC Loop Volume plus the volume from bags to EC
Loop.

Step 1: Washout Through Membrane

Input Range

Reagent

1C Media (Default)
'Wash

EC Media

IC Source

Reagent

1C Media

Wash

EC Media (Default)

EC Source

# of IC Exchanges: 1 (default) range: 0.5-5.0

Stop Condition # of EC Exchanges: 1 (default) range: 0.5-5.0
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IC Inlet Rate (ml/min) Value: Qgca (# of IC Exc. * Vicg) / (# of EC Exc. * Vgcr)

1C Circulation Rate (ml/min) Value: -Vapo% * Qrea

Initial value: the lesser of Qgs or Quay; Where

EC Inlet Rate (ml/min) Qes = 100 (# of EC Exc. * Vgeg) / (# of IC Exc. * Vicg) and
Qumax = 300.

EC Circulation Rate (ml/min)  [Value: -CD% * Qgca

Outlet EC Waste

Rocker On (-90°, 180°, 1 sec) (def) Range: full range (deg, time)
fixed(0") Range: full range (deg)

Output: IC volume Volume as defined by Stop Condition

Output: EC volume Volume as defined by Stop Condition

Output: Remaining time of step |Countdown in minutes as defined by Stop Condition

Protocol 7: Continuous Add of IC with Ultrafiltration Example

In an embodiment, this protocol adds generally IC fluid at a low flow rate and keeps large molecules
on the IC side of the fiber. A similar protocol could be used to add fluid at low flow rate to the EC
side. Excess IC fluid will be removed through ultrafiltration if the IC inlet pump 254 is used.

This protocol includes:

1) The IC media is introduced through valve 250 by pump 254 with other media being optional
alternatives.

2) EC media may optionally be added but in the IC example the EC inlet flow rate is 0.

3) The IC inlet flow rate is 0.1 mL/min from a range of 0 to 10 mL/min.

4) The IC circulation rate through IC loop 202 is at a maximum of Qcen, 10 X Qiea.

Qicem is the IC circulation pump rate to keep IC loop 202 well mixed without preventing air from
entering filter 116. The inlet pump 254 rate Qica plus the circulation pump 212 rate equals the Qicem
which in this example is 20 mL/min.

5) The EC circulation rate is Qgccym or the pump 228 rate to keep the EC loop 204 well mixed, for
example 30 mL/min.

6) The outlet for the excess IC fluid is EC waste as the fluid enters the EC loop 204 through
ultrafiltration through the membrane.

7) The rocker control for bioreactor 100 is fixed.

8) The stop condition is a manual stop by the operator although alternatively the stop could be based

on selected time or selected IC or EC volume.
Below is a summary of the Continuous Add with Ultrafiltration protocol.

Protocol 7 Continuous Add with Ultra Filtration
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Purpose of protocol: Continuously adds fluid at a low flow rate to the IC loop and/or the EC loop.

Large molecules may be concentrated in the IC loop if you use the IC Inlet pump for this task. This

protocol uses ultrafiltration to remove excess IC fluid if you use the IC Inlet pump.

Step 1: Feed

Input Range

IC Source

Cell Inlet

Reagent

IC Media (Default)
'Wash

EC Media

[None

EC Source

Reagent

IC Media

'Wash

EC Media (Default)
None

Stop Condition

Time (1440 min)

Manual Stop (Default)
IC volume: (150 mL) Range: 1 to 4000 mL
EC volume: (150 mI.) Range: 1 to 4000 mL

Range: 0.1 to 1440 minutes

IC Inlet Rate (ml/min)

Default: 0.1
Range: 0 to 10 mL/min

IC Circulation Rate (ml/min)

Default: Maximum of (Qiconm, 10xQica)
Range: -100 to 100 mL/min

EC Inlet Rate (ml/min)

Default: 0
Range: 0 to 10 mL/min

EC Circulation Rate (ml/min)

Default: QECCM
Range: 10 to 300 mL/min

Outlet EC Waste
On (-90°, 180°, 1 sec) Range: full range (deg, time)
Rocker Control Fixed (07) (Def) Range: full range (deg)

Output: IC volume

Volume or rate as defined by Stop Condition

Output: EC volume

'Volume or rate as defined by Stop Condition

Output: Remaining time of step

Countdown in minutes or manual stop as defined by Stop Condition

Protocol 8: Continuous Add with Active Removal Example

In an embodiment, this protocol uses a relatively low flow rate to continuously add to the IC and/or

EC loops. Excess IC fluid is removed using EC waste through the membrane 116.

The protocol includes:

1) IC media is added through valve 250 and pump 254 to the IC circuit. Alternatively, other media

could be provided continuously such as cell inlet, reagent, wash solution or EC media. If the addition

of media or fluid is only for the EC side, there may be no input of fluid through the IC side.
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2) Optionally or alternatively media may be added from an EC source to the EC side if only EC
addition is desired. The addition may be EC media through valve 276 and pump 278. Alternatively
there may be no EC input as the addition is only to the EC side. Reagent, IC media, or wash solution
could also be added to the EC side.

3) On the IC side the IC inlet rate of pump 254 is 0.1 mL/min for low flow rate addition. This is
selected from a range of 0 to 10 mL/min.

4) For IC addition the IC circulation rate is the maximum of Qjccy or 10 X Qiea With Qe being the
rate of the IC circulation pump 212to keep the IC loop well mixed and Q;ca being the rate of the inlet
pump 254 in mL/min selected from a range from -100 to 100 mL/min. For example it may be 20
mL/min. ,

5) If the low flow addition is to the EC side the EC inlet rate may be selected to be 0.1 mL/min from
a range of 0 to 20 mL/min.

6) For the EC addition the EC circulation rate is selected to be Qgcem Which is the rate of the

circulation pump 228 in mL/min selected from a potential range of 0 to 100 mL/min, for example 30
mL/min.

7) The outlet in this example is EC waste.
8) The rocker control for the bioreactor 100 is off with no rotation.
9) The stop condition for the protocol is manually though it alternatively may be based on the time

(for example 0.1 to 1440 minutes) or IC or EC volumes (for example IC or EC volumes may be from
1 to 4000 mL).

The brief summary of this protocol is set forth below.
Protocol 8 Continuous Add with Active Removal
Purpose of protocol: Continually adds a low flow rate to the IC and/or EC loops. A pump is used to

remove excess IC fluid.

Step 1:

Input Range

Cell Inlet

Reagent

IC Media (Default)
'Wash

EC Media

INone

1C Source

Reagent

1C Media

EC Source 'Wash

EC Media (Default)

iINone
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Time

Manual Stop (Default)
IC volume:

EC volume:

Stop Condition

Default: 0.1

IC Inlet Rate (ml/min) Range: 0 to 10 mL/min

Default: Maximum of (Qicenm, 10 X Qrca)

IC Circulation Rate (ml/min) Range: -100 to 100 mL/min

Default: 0.1

EC Inlet Rate (ml/min) Range: 0 to 20 mL/min

Default: QECCM

EC Circulation Rate (ml/min) Range: 0 to 100 mL/min

Distribution Rate (ml/min) Default: = (-) Qrca
Outlet EC Waste (Default)
On
Rocker Control Off (Default)
fixed
Output: IC volume Volume or rate as defined by Stop Condition
Output: EC volume 'Volume or rate as defined by Stop Condition

Output: Remaining time of step |Countdown in minutes or manual stop as defined by Stop Condition

Protocol 9;: Reagent Add Example

In an embodiment, this protocol loads reagent from reagent bag 244 through valve 248 by pump 254
into the IC side until the bag is empty. The IC waste valve 290 is closed for circulation through
circulation loop 202. The cell inlet bag 262 includes at Vo of air which is defined as (1 + LP% /
100) * Vicpr, + 5 mL, for example 38 ml. LP% is about a 20% pump error. Vicpy is the volume from
bag 244 to IC loop. The cell inlet bag has at least 10 mL of fluid.

The protocol includes:

1) Introduction of reagent through valve 248 by pump 254 to the IC loop 202.

2) Introduction of air, as pump 254 continues, from cell inlet bag 262.

3) Nothing is introduced on the EC side.

4) The IC inlet rate from pump 254 is 10 mL/min selected from a range of 0 to 100 mL/min.

5) The IC circulation rate from pump 212 is the maximum of the IC circulation pump rate 212 to
keep the IC loop 202 well mixed or a value selected from the minimum of 300 or 10 x Qjca (IC inlet
pump 254 rate), for example, 100 mL/min.

6) There is no EC inlet but the circulation rate is the rate of the circulation pump 228 to keep the EC
loop well mixed, for example 30 mL/min.

7) The outlet is EC waste through valve 292. IC waste through valve 290 is an option.
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8) The rocker control for the bioreactor 100 is fixed or stationary. Alternatively, the rocker control
range of motion is from -90° to 180° with 1 second pauses at the end of the motion range.

9) The stop for the reagent load is when air reaches the lower sensor 1264 of the air removal chamber
or ARC.

10) After air detection the ARC is filled to the upper sensor 1268 from the IC media or a bag such as

wash solution or EC media bag that did not contain reagent. Valve 260 and vent are open to purge
ARC air.

11) Media such as IC media through valve 250 and moved by pump 254 continues to chase any
reagent from the ARC to the IC loop 202.

12) The stop condition for the chase of reagent is the IC volume (Varca + Varcss) * 2.

Varca is the volume from the bottom sensor of the ARC to point A on Fig,. 2.

Varcss is the volume of the ARC between top and bottom sensors. For example, the IC volume may

be 22 mL. The range for this volume is between 0 to 100 mL.
The brief summary of this protocol is set forth below.

Protocol 9 Reagent Add
Purpose of protocol: Loads reagent from the reagent bag into the IC loop until the bag is empty. The

1C waste valve is closed during this protocol.

Step 1: Load Reagent
Purpose of Step: Loads reagent into the system.

Precondition: Need at least Vo of air in cell inlet bag.

Input Range
Cell Inlet
1C Source Reagent (Default)
EC Source None
Stop Condition ARC Stop
IC Inlet Rate (ml/min) Dofault: 10

Range: 0 to 100 mL/min

Default: Maximum of (Qccy, min(300,10xQrca))

IC Circulation Rate (ml/min) Range: -300 to 300 mL/min

EC Inlet Rate (ml/min) Default: 0

Default: QECCM

EC Circulation Rate (ml/min) Range: 0 to 300 mL/min

EC Waste (default)
Outlet 1C Waste
Rocker Control On (-90°, 180°, 1 sec) Range: full range (deg, time)

Fixed (07) (Default) Range: full range (deg)
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Output: IC volume rate as defined by Stop Condition

Output: EC volume IN/A

Output: Remaining time of step JARC Stop as defined by Stop Condition

Step 2: ARC Chase
Purpose of Step: Chases reagent from the ARC into the IC Loop.

Input Range

IC Media (Default)

'Wash

IC Source EC Media

Note: user cannot choose same bag used in step 1 because that bag
is now empty

EC Source None
Stop Condition IC volume: (VarcatVarces)*2 Range: 1to 100 mL
IC Inlet Rate (ml/min) Default: Same as Step 1

IC Circulation Rate (ml/min)  |Default: Same as Step 1

EC Inlet Rate (ml/min) Default: same as Step 1

EC Circulation Rate (ml/min)  {Same as Step 1

Outlet Same as step 1
Rocker Same as Step 1
Output: IC volume Volume as defined by Stop Condition
Output: EC volume Volume as defined by Stop Condition

Output: Remaining time of step |Countdown in minutes as defined by Stop Condition

Protocol 10: Bolus Add Example

In an embodiment, this protocol adds a selected volume of reagent into the IC loop. A bolus into the

EC loop can also optionally be added. If the IC waste (valve 290) is closed ultrafiltration through the

membrane 116 to the EC side will occur.

The protocol includes:

1) Reagent as the IC source is introduced through the pump 254. Alternatively other sources of
media or wash could be used for a bolus amount.

2) No EC source. However, if bolus amount is to EC side only there would be no IC source and
bolus amount would be introduced by pump 278.

3) For IC bolus, inlet would be 10 mL/min selected from a range up to the rate of the inlet pump.

4) The IC circulation rate is the maximum of Qjccym as compared to the minimum of 300 or 10 x Qyca
as described above with respect to the Reagent Add protocol. This is selected from the range of -300
to 300 mL/min. In this example it may be 100 mL/min.

5) If the bolus is to the EC side there is no IC inlet or source.
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6) The EC circulation is Qgccym or the rate of the circulation pump 228 to keep the EC loop 204 well
mixed. In this example it may be 30 mL/min.

7) The outlet is EC waste through valve 292. Alternatively it could be to harvest through valve 298
or to IC waste through valve 290.

8) The rocker control is off or alternatively could be set for rotation as described previously.

9) The stop condition can be selected to be based on time up to 20 minutes or an IC volume selected

10

15

to be 10 mL in a range up to 200 mL.

The Bolus Add protocol is summarized below.

Protocol 10 Bolus Add

Purpose of protocol: Quickly adds a selected volume of reagent into the IC loop; you can add an EC

bolus at the same time. During the default condition the IC waste valve closed, which forces

ultrafiltration.

Step 1: Bolus Add

Input Range

IC Source

Reagent (Default)
1C Media

'Wash

EC Media

None

EC Source

Reagent

IC Media
'Wash

EC Media
None (Default)

Stop Condition

Time (1 min)
1C volume: 10 (Default)
EC volume: (15 mL)

Range: 0.1 to 20 min
Range: 1 t0 200 mL
Range: 1 to 300 mL

1C Inlet Rate (ml/min)

Default: 10
Range: 0 to Qare mL/min

[C Circulation Rate (ml/min)

Default: Maximum of (Qicep, min(300,10xQica))
Range: -300 to 300 mL/min

EC Inlet Rate (ml/min)

Default: 0
Range: 0 to 300 mL/min

EC Circulation Rate (ml/min)

Default: QECCM
Range: 0 to 300 mL/min

EC Waste (default)
Outlet 1IC Waste
Harvest
Rocker On (-90°, 180°, 1 sec) Range: full range (deg, time)

Fixed (0°) (Default)  Range: full range (deg)

Output: IC volume

Volume as defined by Stop Condition

Output: EC volume

Volume as defined by Stop Condition
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|Output: Remaining time of step |Cou11tdown in minutes as defined by Stop Condition

Protocol 11: Harvest Cells Example
In an embodiment, the protocol relates to transferring cells once they are in suspension from the IC
loop. Additional protocols described below relate to releasing the cells from the membrane 116 in the

bioreactor to place them in suspension prior to harvest.

The protocol includes as follows:

1) Media is inputted from an IC source such as IC media through valve 250 and pump 254.
Alternatively reagent, wash solution or EC media could be the IC source. The media may be harvest
media. As the cells are non-adherent and have been reloaded from the membrane, no tryspin is
recirculated after release from the membrane.

2) Similarly EC media is provided through valve 276 and pump 278. Wash solution, reagent or IC
media could also be introduced.

3) The IC inlet rate is 400 mL/min selected from a range from 100 to 500 mL.

4) The IC circulation rate is -AB% * Qica with AB% is Vag * 100 / Vicr. Vg is the volume from
point A to point B on Fig. 2 and V¢, is the volume of the IC loop 202. Qica is the pump rate of the
inlet pump 254. In this example it is 69 mL/min.

5) The EC inlet rate is UFR4qp or the negative ultrafiltration rate required to have zero transmembrane
pressure at the bioreactor outlet in co-current flow and IC inlet rate = 400 mL/min and EC waste valve
292 is closed. The upper range is 100 mL/min and in this example it is 60 mL/min.

6) The EC circulation rate is Qrcom as described previously in a range up to 300 mL/min, for example
30 ml./min.

7) The outlet for the suspended cells is the harvest bag which receives the IC outlet.

8) The rocker control for bioreactor rotation is from -90° to 180° with 1 second pauses at the end

position.
9) The stop condition for the protocol is IC volume 2 x Vicy, for example 378 mL.

The brief summary of the Harvest Cell protocol is as follows.

Protocol 11 Harvest Cells

Purpose of protocol: Transfers cells in suspension from the IC loop, including cells in the bioreactor,

to the harvest bag.

Step 1: Harvest Cells

Purpose of Step: Same as above
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Input Range

Reagent

IC Media (Default)
1C Source Wash
EC Media

Reagent

IC Media

'Wash

EC Media (Default)

EC Source

Stop Condition IC volume: 2x V¢, (Default) Range: 50 to 1000 mL

Default: 400

1C Inlet Rate (ml/min) Range: 100 to 500 mL/min

Value= -AB% * QICA

Range: -AB% * Qjca Minimum to -AB% * Qica Maximum

INote: Qica Minimum and Qca Maximum values refer to the IC Inlet
Rate (ml/min) Range.

IC Circulation Rate (ml/min)

Default: UFR40

EC Inlet Rate (ml/min) Range: 0 to 100 mL/min

Default: QECCM

EC Circulation Rate (ml/min) Range: 0 to 300 mL/min

Outlet Harvest

Rocker Control On (-90°, 180°, 1 sec.) (def) Range: full range (deg, time)
Output: IC volume Volume

Output: EC volume IN/A

Output: Remaining time of step |Countdown in minutes or manual stop as defined by Stop Condition

Protocol 12: Release Adherent Cells Example

In an embodiment, this protocol may be executed and followed prior to the Harvest Cell protocol.

The first part of the protocol may include a change of IC/EC media. For example, a media such as
PBS may be used to remove protein, calcium or magnesium form the suspension.

The second part of the protocol relates to the addition of a reagent such as trypsin to release the cells
from the membrane 116. This is followed by a chase to the IC loop as well as mixing the reagent in
the IC loop.

The protocol includes as follows:

1) Addition of wash solution through valve 270, 212 and pump 254 to IC side. Reagent solution, EC
media or IC media are optional alternatives if they contain a solution such as PBS. In this example,
1370 mL of PBS was used.

2) If the cells are on the EC side the alternative would be for EC introduction of PBS.

3) The IC inlet rate is

Qeca (number of IC Exc * Vicg / (number of EC Exc * Vgcg). Vicg is the IC exchange volume Vi¢p, +

VicL. Vice is the EC exchange volume Vgcr, + Vicgr.
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4) The IC circulation rate is —~AB% * Qyca as described in the definitions which in this example is -
17mL/min.

5) The EC inlet rate is the lesser of Qg9 or Qumax Where Qo = 100 (number of EC Exc * Vgcg) /
(number of IC Exc. * Vicg) and Quax = 300. In this example the EC inlet rate is 148 mL/min.

6) The EC circulation rate is -CD% * Qgca as defined in the definitions.

7) The outlet can be IC waste or EC waste or both through valves 290 or 292.

8) The rocker control for bioreactor 100 is -90°, 180° with 1 second pause at the end of the range of
motion, or alternatively fixed.

9) The stop condition for the wash is the number of IC and EC exchanges, in this example 2.5 each.
10) The wash is followed by the reagent introduction such as tryspin to release the cells. This is from
the reagent bag 244 through valve 248 and pump 254. At least a volume Vg is needed in the bag.
11) The IC inlet is 50 mL/min.

12) The IC circulation is 300 mL/min.

13) There is no EC inlet but circulation is Qgcem or rate to keep EC loop mixed.
14) The rocker control is on as described above with chase.

15) The stop condition is the ARC stop or when the lower sensor 1264 detects ai.

16) After air detection the ARC is filled with wash or alternatively IC or EC media to upper sensor
1268.

17) Mixing of the reagent continues in the IC loop for 4 minutes.
The protocol summary is as set forth below.

Protocol Release Adherent Cells

Purpose of protocol: Releases cells from the membrane, leaving the cells in the IC Loop.

Step 1:
Purpose of Step: Performs Protocol IC/EC Washout in preparation for adding reagent. For example,

the system replaces IC/EC media with PBS to remove protein, Ca™*, and Mg' " in preparation for

adding trypsin.

Input Range

Reagent

IC Media
Wash (Default)
EC Media

IC Source

Reagent
IC Media

EC Source Wash (Default)

EC Media
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Stop Condition

# of IC Exchanges: 2.5 (default) range: 0.5-5.0
# of EC Exchanges: 2.5 (default) range: 0.5-5.0

IC Inlet Rate (ml/min)

Value: Qgca (# of IC Exc. * Vicg) / (# of EC Exc. * Vicp)

[C Circulation Rate (ml/min)

Value: -AB% * Qica

EC Inlet Rate (ml/min)

Initial value: the lesser of Qjgp or Quay; Where

Q]()() =100 (# of EC Exc. * VECE) / (# of IC Exc. * VICE) and
Qumax = 300.

EC Circulation Rate (ml/min)

Value: -CD% * Qgca

1C Waste

Outlet EC Waste
IC&EC Waste (default)

Rocker On (-90°, 180°, 1 sec) (def) Range: full range (deg, time)
Fixed (0°) Range: full range (deg)

Output: IC volume

Volume as defined by Stop Condition

Output: EC volume

Volume as defined by Stop Condition

Output: Remaining time of step

Countdown in minutes as defined by Stop Condition

Parameters to be tested:

e  Check for any updates from Protocol IC/EC Washout.

Step 2: Load Reagent

Purpose of Step: Loads reagent into the system until the bag is empty.

Precondition: Need at least Vo of air in bag containing the reagent.

Input Range
Cell Inlet
IC Source Reagent (Default)
EC Source None
Stop Condition ARC Stop
IC Tnlet Rate (ml/min) Default: 50

Range: 20 to 100 mL/min

IC Circulation Rate (ml/min)

Default: 300
Range: 30 to 300 mL/min

EC Inlet Rate (ml/min)

Default: 0

EC Circulation Rate (ml/min)

Default: QECCM
Range: 0 to 300 mL/min

Outlet

EC Waste

Rocker Control

On (-90°, 180°, 1 sec) (def) Range: full range (deg, time)

Output: IC volume

Volume as defined by Stop Condition

Output: EC volume

IN/A

Output: Remaining time of step

IARC Stop as defined by Stop Condition

Step 3: ARC Chase
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Purpose of Step: Chases the reagent into the IC Loop.

Input Range
1C Media
1C Source Wash (Default)
EC Media
EC Source (None
Stop Condition IC volume: {Varcat Varcss)*2 Range: 1 to 100 mL
IC Inlet Rate (ml/min) Default: Same as Step 2
[C Circulation Rate (ml/min)  |Default: Same as Step 2
EC Inlet Rate (ml/min) Default; 0
EC Circulation Rate (ml/min)  [Default: Same as Step 2
Outlet EC Waste
Rocker Control Same as Step 2
Output: IC volume Volume as defined by Stop Condition
Output: EC volume IN/A

Output: Remaining time of step

Countdown in minutes as defined by Stop Condition

Step 4: Mix
Purpose of Step: Mixes the reagent within the IC Loop.
Input Range
IC Source None
EC Source None
Stop Condition Time: 4 minutes (default) Range: 0.1 to 20 minutes
IC Inlet Rate (ml/min) Default: 0

IC Circulation Rate (ml/min)

Same as step 2 (default)
Range: 30 to 300 mL/min

EC Inlet Rate (ml/min) Default: 0

. . . Same as step 2 (default)
EC Circulation Rate (ml/min) Range: 0 to 300 mL/min
Outlet EC Waste
Rocker Control Same as step 2
Output: IC volume IN/A
Output: EC volume IN/A

Output: Remaining time of step

Countdown in minutes as defined by Stop Condition

Protocol 13: Condition Media

In an embodiment, this protocol oxygenates the EC media before the addition of cells to the IC side of

the bioreactor 100. The initial steps of the protocol include:

1) The EC source is generally EC media without protein introduced through valve 276 by pump 278.
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2) IC circulation is enough to prevent air introduction through the hollow fibers or Qicom. In this

example, it is 20 mL/min.
3) The EC inlet rate is 0.1 mL/min.

4) The EC circulation rate is Qgccg or the pump rate to equilibrate the EC loop. In this example it is
25 mL/min.

5) The outlet is EC waste through valve 292.
6) The rocker control is fixed with no rotation.

7) The stop for the high circulation rate conditioning is based on time from a range of 6 to 15

minutes.

8) A maintenance protocol is part of the condition media protocol.

9) The conditions for maintenance are the same as that outlined above, except that the EC circulation
is reduced to Qgcom Which is the rate of the circulation pump to keep the EC loop mixed, for example

30 mL/min. Also, the stop for maintenance is a manual operator controlled stop. The maintenance is

maintained until the operator desires cell load.
The summary of the protocol is as follows.

Protocol Condition Media

Purpose of protocol: Oxygenates the media to proper concentrations before loading the cells.

Step 1:

Purpose of Step: Accelerates the conditioning of the media using a high EC circulation rate.

Input Range
1C Source None
Reagent
[C Media
EC Source Wash
EC Media (Default)
Stop Condition Time: Tcum Range: 6 to 15 minutes
[C Inlet Rate (ml/min) Default: 0
IC Circulation Rate (ml/min) Default: Qieer
EC Inlet Rate (ml/min) Default: 0.1
EC Circulation Rate (ml/min)  |Default: Qgccg
Outlet EC Waste
Rocker Fixed (07) Range: full range (deg)
Output: IC volume IN/A
Output: EC volume IN/A
Output: Remaining time of step |Countdown in minutes
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Purpose of Step: Maintains the system in a proper state until the operator is ready to load the cells.

Input Range
1C Source None
EC Source Same as step 1
Stop Condition Manual Stop
1C Inlet Rate (ml/min) Default: 0
[C Circulation Rate (ml/min) Same as step 1
EC Inlet Rate (ml/min) Same as step 1

EC Circulation Rate (ml/min)

Default: Qpcom
Range: 0 to 100 mL/min

Outlet

EC Waste

Rocker Control

Fixed (07) Range: full range (deg)

Output: IC volume

Rate as defined by stop condition

Output: EC volume

Rate as defined by stop condition

Output: Remaining time of step

manual stop as defined by stop condition

Protocol 14: Coating Bioreactor Example

In an embodiment, this protocol is directed to coating the IC side of the bioreactor with a reagent such

as fibrenectin for cell attachment. Other reagents can be used. The protocol loads the reagent until

the reagent bag is emptied, chases the reagent from the ARC, and circulates the reagent. In the

protocol, the cell inlet bag contains Vgro or (1 + LP% / 100 * Vicgy, + 5 mL) as described in the

definitions, according to embodiments. In this example, it is 40.2 mL.

The protocol includes:

1) Providing reagent from reagent bag through valve 248 and pump 254 to the IC side.

2) Cell inlet bag also may be open for fluid flow through valve 264.

3) There is no EC source or inlet rate.

4) The IC inlet rate is 10 mL/min.

5) The IC circulation rate is the maximum of (20, (min (300, 10 x Qica)) with Qrca being the inlet
pump 254 rate. In this example, it is 100 mL/min.

6) EC circulation rate is Qgccwm as described previously as the circulation rate to keep to EC loop

mixed. In this example, it is 30 mL/min.

7) The outlet is EC waste through valve 292.

8) The rocker control is off. Alternatively it could rotate from -90° to 180° with 1 second pauses at

the end of the range of motion.

9) The stop condition for the reagent load is detection of air by lower sensor 1264 of the ARC.

10) After reagent load stop the ARC is loaded to upper sensor 1268 and gas evacuates through outlet

1224 and valve 260.
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11) The chase can be IC media, wash or EC media provided through valve 270 if wash solution and
pump 254 to the IC side.

12) The stop condition for the chase portion of the protocol is IC volume (Varca + Varcas) * 2.

Varca is the volume from the bottom of the ARC to point A on Fig. 2. Vgrcgs is the volume of the
ARC between sensors.

13) For circulation of the reagent, a low flow EC media is provided on the EC side. This may be
media through valve 276 or from the reagent, IC media or wash bags through pump 278.
14) The EC inlet rate during circulation is 0.1 mL/min.

15) The IC inlet rate is Qicom Which is the circulation pump 212 rate to keep the IC loop well mixed.
16) The EC circulation rate is Qgcem Which is the EC circulation pump 228 to keep the EC loop well

mixed, in this example 30 mL/min.

17) The stop condition for circulation is either time selected or a manual stop.
The protocol is summarized below.

Protocol Coat Bioreactor

Purpose of Task: Coats the bioreactor membrane with a reagent.

Step 1: Load Reagent
Purpose of Step: Loads reagent into the system.

Precondition: Need at least Vg of air in the cell inlet bag.

Input Range
Cell Inlet
IC Source Reagent (Default)
EC Source None
Stop Condition ARC Stop
IC Inlet Rate (ml/min) Default: 10 mL/min

Range: 0.1 to 100 mL/min

Default: Maximum of (20, (min(300, 10xQca))

IC Circulation Rate (ml/min) Range: -300 to 300 mL/min

EC Inlet Rate (ml/min) Default: 0

Default: QECCM

EC Circulation Rate (ml/min) Range: 0 to 100 mL/min

Outlet EC Waste

On (-90°, 180°, 1 sec) Range: full range (deg, time)

Racker Control Fixed (0") (Default) Range: full range (deg)

Output: IC volume Volume or Rate as defined by stop condition

Output: EC volume Volume or Rate as defined by stop condition

Output: Remaining time of step [Countdown in minutes or manual stop as defined by stop condition
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Purpose of Step: Chases reagent from the ARC into the IC Loop.

Input Range

IC Media
IC Source Wash (Default)

EC Media
EC Source None
Stop Condition IC volume: (Varcat+ Varcs)*2  Range: 1 to 100 mL
IC Inlet Rate (ml/min) Default: Same as Step 1
IC Circulation Rate (ml/min)  |Default: Same as Step 1
EC Inlet Rate (ml/min) Default: 0
EC Circulation Rate (ml/min)  |Default: Same as Step 1
Outlet EC Waste

Rocker Control

Same as Step 1

Output: IC volume

Volume as defined by stop condition

Output: EC volume

n/a

Output: Remaining time of step

Countdown in minutes or manual stop as defined by stop condition

Step 3: Circulate

Purpose of Step: Circulates reagent in the IC Loop.

Input Range
1C Source iINone
Reagent
EC Source i?\cl:alzzzl[lezl]i)tfault)
EC Media
Stop Condition E;r;eu S ér:;r;)(del;:;%e: 0.1 to 2880 minutes
IC Inlet Rate (ml/min) Default: 0
IC Circulation Rate (ml/min) Default: Qicom
EC Inlet Rate (ml/min) Default: 0.1
EC Circulation Rate (ml/min)  [Default: Qpcom
Outlet EC Waste
Rocker Control Same as Step 1
Output: IC volume n/a
Output: EC volume Rate as defined by stop condition
Output: Remaining time of step |[Manual stop as defined by stop condition

Protocol 15: Cell Attachment Example

In an embodiment, the purpose of this protocol is to enable adherent cells to adhere to the IC side of

the membrane while allowing flow on the EC side. The cells are already in the IC side.
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The protocol includes as follows:

1) Only an EC source and EC circulation is used. There is no IC source, IC inlet rate or IC

circulation rate.

2) The EC inlet is EC media with options for reagent, IC media, or wash. The media flows though
valve 276 as EC media, and through pump 278.

3) The EC inlet rate is low 0.1 mI/min flow.

4) The EC circulation rate Qgccm as described above which in this example is 30 mL/min.
5) The outlet is the EC waste through valve 290.

6) The rocker control is fixed or stationary.

7) The stop condition is a manual stop. Alternatively the stop could be based on time or EC volume.
The brief summary of the protocol is as shown below.

Protocol Cell Attachment

Purpose of protocol: Enables adherent cells to attach to the membrane while allowing flow on the EC

loop. The pump flow rate to the IC loop flow is set to zero.

Step 1: Cell Attachment

Input Range
IC Source (None

Reagent

IC Media
EC Source Wash

EC Media (Default)

Time: (1440 min) Range: 0.1 to 2880 minutes
Stop Condition Manual Stop (Default)

EC volume: (150 mL) Range: 1 to 4000 mL
1C Inlet Rate (ml/min) Default: 0
IC Circulation Rate (ml/min)  |Default: 0

. Default: 0.1
EC Inlet Rate (ml/min) Range: 0.1 to 10 mL/min
. . . Default: QECCM

EC Circulation Rate (ml/min) Range: 0 to 100 mL/min
Outlet EC Waste
Rocker Control Fixed (0°) (Default) Range: 0° to 180°
Output: IC volume Volume or rate as defined by Stop Condition
Output: EC volume Volume or rate as defined by Stop Condition
Output: Remaining time of step |Countdown in minutes or manual stop as defined by Stop Condition

Protocol 16: User-Defined Task Example

In an embodiment, this protocol allows the user to define the task. The setting options are as follows:
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Setting Setting Options

Cell
Reagent
IC Media
'Wash

EC Media
INone

IC Inlet

IC Inlet Rate 0 to 500 mL/min

IC Circulation Rate -300 to 300 mL/min

Reagent
1C Media
EC Inlet Wash

EC Media
None

EC Circulation Rate -300 to 300 mL/min

EC Waste
Outlet 1IC Waste
Synchronization

In Motion (-180° to 270°, 0 to 15 seconds)

Rocker Control Stationary (-180° to 270°)

Manual
Time (0.1 to 1440 min)

Stop Condition IC Volume (1 to 4000 mL)

EC volume (1 to 4000 mL)

Having described various protocols for use with the cell expansion system, embodiments further
relate to processor-implemented methods and systems for configuring and customizing protocols, and
other settings, of the cell expansion system, through the use of Uls and GUI elements. For example, a
user or operator, may select a Ul element or GUI element, such as a button or other control, associated
with a particular setting, including a system setting, display setting, and/or protocol setting. Such
selection may be made, according to embodiments, by touching a location on a touch screen or other
display area of a display device. Settings associated with the selected GUI element may then be

configured through the input of data, for example. In embodiments, such configurations are stored.

The system provides for further user customizations by allowing a user or operator to create one or
more custom or user-defined tasks and to add steps to the custom tasks, in accordance with
embodiments of the present disclosure. For example, such added steps may be selected from a list of
pre-defined processes, including Wash Out Lines, Wash Out Lines Through Membrane, Wash
Rapidly, Harvest Cells, Add Bolus, and Custom, in which the Custom step provides for an added step
to be a custom step itself, according to embodiments. Steps may also be omitted from a task, and
configured settings may be reset to the factory default settings, according to other embodiments,

through the selection of an applicable GUI element.
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The configurability and customization capabilities of the cell expansion system allow the system to be
adapted to a user or operator’s desired settings and preferences, according to embodiments of the
present disclosure. Through the use of Uls, GUI elements, and process diagram views or windows for
configuring and customizing settings and system components, the system provides a visual tool for
the configuration and customization of the system. Such capabilities provide an efficient way to

configure and customize the system and protocols used therewith.

Turning to FIG. 7, an example logical environment 700 for interacting with a UI of a cell expansion
system is shown in accordance with embodiments disclosed herein. A cell expansion system 702
housing a fluid conveyance device accessed by opening the door of the cell expansion system with
handle 704 is shown according to an embodiment. The cell expansion system 702 is capable of being
interacted with by a user or operator 708, for example. The cell expansion system 702 comprises a UI
706 for displaying, and allowing interaction with, information and data related to the cell expansion
system 702. In embodiments of the present disclosure, a UL such as UI 706, for example, may be any
interface for providing information to a user or operator 708 or for receiving input from a user or
operator 708. A UL, such as UI 706, for example, may include application windows, rendered by a
processor, such as the processor discussed with reference to FIG. 24 below, for an application, such as

a configuration and/or customization application, according to embodiments.

UI 706 provides, in embodiments, for interaction by a user or operator 708, for example, with the cell
expansion system 702 through the use of input devices, output devices, logical modules, e.g.,
software, and hardware, e.g., physical elements. UI 706 allows the user or operator 708 to operate
and control the cell expansion system 702 and to view, or otherwise receive, the result(s) of such
operation and control, according to embodiments herein. Such operation and control may include, for
example, configuring and/or customizing settings of the cell expansion system, including protocols
for use with the system. As discussed with respect to FIG. 24 below, the cell expansion system 702,

including UI 706, is driven by a processor, memory, etc.

Logical environment 700 is not limited to any particular implementation but, rather, encompasses any
environment upon which the functionality of environment 700 may be practiced. For example, user
or operator 708 may be a single user or operator or multiple users or operators. Further, in other
embodiments, cell expansion system 702 may be interacted with by another device, program,
machine, etc. Logical environment 700 represents an example way of practicing embodiments
disclosed herein but is not intended to limit the scope of the present disclosure. For example, logical
environment 700 may be considered with respect to the specific components present, e.g., processor,

or may be considered with respect to the corresponding modules.
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While FIG. 7 shows example environment 700 for operating, configuring, and/or customizing the cell
expansion system according to embodiments, FIG. 8 illustrates an example UI 800 comprising GUI
elements for making configuration selections in accordance with further embodiments of the present
disclosure. UI 800 is displayed on the user interface 706 of the cell expansion system 702, for
example. UI 800 may be retrieved in response to a user selecting to configure the cell expansion
system, in which a screen entitled, “Configuration Selection” 802 with configure icon 803, appears to
allow the user to make configuration selections. The screen name, “Configuration Selection” 802,
and configure icon 803 are offered as an example for purposes of illustration. Numerous types of
titles, names, headings, and/or icons may be used in accordance with embodiments without departing
from the spirit and scope of the present disclosure. As shown in UI 800, GUI elements 804, 806, 808,
and 810 allow a selection to be made to configure an aspect of the cell expansion system, such as of
cell expansion system 702 shown in FIG. 7. For example, a selection may be made to configure
display settings 804, system settings 806, default settings for tasks or protocols 808, and/or any other
type of configuration aspect 810 related to the cell expansion system 702, according to embodiments.
GUI elements shown in FIG. 8 may include, for example, buttons, controls, icons, boxes, radio
buttons, checkboxes, menus, drop-down menus, windows, including pop-up windows, etc. In
embodiments, UI 800 provides a status bar 812 including information related to the system, including
the date and time and status of the system performance, such as “Idle.” Further, alarm 816, rocker
control 818, other controls (as shown by ellipsis 820), and door icon 822 (for indicating when the door
of cell expansion system 702 is open, for example) also provide information regarding the cell
expansion system, according to embodiments. Further, in an embodiment, temperature window 824
displays relevant temperatures, including, for example, the actual temperature of the air inside the
incubator and the temperature set point. In addition, pressure window 826 provides the current
pressure measurements at the IC and EC inlets and outlets, as well as the inlet and outlet differential
pressures, according to an embodiment. Other GUI elements include a “Task” GUI element 828 for
displaying the task selection screen, a “Configuration” GUI element 830 for displaying another
configuration screen, and an “About” configuration GUI element 832 for displaying information
regarding the cell expansion system, including, for example, identification information for the device,
version information, etc., according to embodiments. In addition, other types of GUI elements may
be included to assist a user to navigate the system and Uls, as shown by ellipsis 834 and the “Other”
GUI element 836. Further, the “Configuration Selection” screen may be closed with selection of the

“Close” GUI element 814.
While FIG. 8 provides configuration selection options, FIG. 9A illustrates an example UT 900 for
configuring display settings of the cell expansion system, in accordance with embodiments of the

present disclosure. For example, UI 900 provides for changing the format of the date display,
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changing the format of the time display, setting the current date and time, selecting a language for the
display of text, and selecting a decimal separator type. The screen name “Configuration: Display”
902 and icon 904 indicate that the Ul provides for configuring display settings. Any type of screen
name and configuration icons may be used in accordance with embodiments herein. The screen name
902 and icon 904 are offered for purposes of illustration. UI 900 allows for configuration of the date
906, time 922, local preferences 948, and other 962 display settings as shown by ellipsis 960. UI 900
allows a user, for example, to select the date format 908, such as whether the date used with display
settings for the system includes a “MM-DD-YYYY” 910 format, a “DD-MM-YYYY” 912 format, or
a“YYYY-MM-DD” 914 format, in which “M” refers to “month,” “D” refers to “day” of the month,
and “Y” refers to “year.” The hatching at button 910 indicates that button 910 has been selected, such
as by touching this button using the touch screen of the cell expansion system, according to
embodiments. The use of hatching in the Figures herein is offered for purposes of illustration only.
Any type of visual indicia may be used without departing from the spirit and scope of the present
disclosure. Further, a user may select to enter the current date 916, including the month 904, day 918,

and year 920.

In addition, UI 900 allows for a selection of the time format 924, in which a user, for example, may
select a 12 hour format 926 or a 24 hour format 928. The current time 930 may also be entered using

UI 900 by providing data for the hour 932, minute 934, and second 946 fields.

Turning to FIG. 9B, for example, a user has selected to enter the current date for the display settings
of the system, in which an arrow at 904 indicates a selection of the current date. In response to
receiving the selection to configure the date, the system determines that a numeric value is associated
with the current date setting. In response to such determination, the system provides a data entry pad
976 to allow for the input of one or more numeric values for entering the current date, according to
embodiments. After providing numeric values through the use of the data entry pad or data entry

window 976, UI 900, as shown in FIG. 9C, displays the filled-in current date 904, 918, and 920.

In addition, a selection may be made to provide or modify the current time 930, in which a data entry
window or data entry pad or other means may also be provided for receiving entry of numeric values
for the associated time fields 932, 934, and 946. FIG. 9C shows the results of the system receiving
numeric values for the time fields 932, 934, and 946. Further, in embodiments where a 12-hour clock
is used, a selection may be made, or data may be provided, for example, to designate whether the

indicated time is for the “a.m.” (ante meridiem) period or for the “p.m.” (post meridiem) period.

Returning to FIG. 9A, UI 900 also provides for a configuration of “Local Preferences” 948, in which

a selection may be made as to whether numeric values use a “period” 952 or “comma” 954 decimal
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separator 950. Further, the language 956 used for displaying the text used in displaying data and
information using the display area of Ul 706 may also be selected, according to embodiments. For
example, while “English” 958 is shown as the default language, GUI element 958 may be selected, as
shown by the “arrow” pointer on the “English” 958 GUI element of FIG. 9D.

In response to receiving the selection, the system determines that a menu, list, or window of selection
options should be provided in UI 900, as shown in FIG. 9D, according to embodiments of the present
disclosure. In an embodiment, such selection options are dynamically determined. In another
embodiment, such selection options are predetermined or pre-defined. The language selection
window 978 displays various GUI elements for different language options. The languages listed in
menu 978 are offered for purposes of illustration only. Any number and/or type of languages may be
offered depending on the system characteristics in accordance with embodiments disclosed herein.
Further, the language choices may be displayed in any language without departing from the spirit and
scope of the present disclosure. While the language selection window 978 of FIG. 9D shows the

options using English text, other embodiments provide for the language choices to each be written in

their respective languages.

Returning to FIG. 9A, UI 900 provides for the configurations to be saved 966 and stored by the
system, according to an embodiment, in which the system stores and applies the configured changes.
In such an embodiment, the configuration screen then closes. In another embodiment, a selection may
be made to “Cancel” the configuration of display settings by selecting the “Cancel” button 964, in
which the Configuration: Display window closes and returns to another screen, for example. Further,
UI 900 provides a status bar 968 including information related to the system, including the date and
time and status of the system performance, such as “Idle.” Further, alarm 970, rocker control 972,
other controls (as shown by ellipsis 974), and door icon 976 (for indicating when the door of cell

expansion system 702 is open, for example) also provide information regarding the cell expansion

system, according to embodiments.

While FIGS. 9A, 9B, 9C, and 9D illustrate UI 900 for configuring display settings, FIGS. 10A and
10B depict UI 1000 for configuring system settings, in accordance with embodiments of the present
disclosure. For example, UI 1000 provides for turning the incubator on or off, changing the
temperature set point of the system, turning the alarm sound on or off, setting the low-temperature
alarm for the system, etc. The screen name “Configuration: System” 1002 and icon 1003 indicate that
the Ul provides for configuring system settings. Any type of screen name and configuration icons
may be used in accordance with embodiments herein. The screen name 1002 and configure icon 1003
are offered for purposes of illustration. In configuring system settings, a selection may be made to

turn the incubator 1004 “on” 1006 or “off” 1005. The temperature set point 1008 of the system may
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also be set 1010 by selecting GUI element 1010, in which the temperature set point is the point at
which the temperature of the system incubator is set, according to an embodiment. In an embodiment,
a default temperature set point is provided. However, this numeric value may be configured by
selecting, or touching in an embodiment using a touch screen, the temperature set point field 1010.
For example, an “arrow” pointer is shown as selecting the temperature set point field 1010 in FIG.
10B. As shown in UI 1000 of FIG. 10B, the system, in resi)onse to receiving the selection of the
temperature set point field 1010, determines that a numeric value is associated with the temperature
set point field 1010. After determining that a numeric value is associated with field 1010, the system
provides a data entry window or data entry pad 1042 for receiving an input of data for the desired

temperature set point. After receiving such data, the system updates the temperature set point field

1010, in accordance with embodiments disclosed herein.

Returning to FIG. 10A, the low-temperature alarm 1012 may be configured by turning it “on” 1014 or
“off” 1013. In an embodiment, the alarm is shown as being turned “off” 1013 in FIG. 10A through
the use of hatching. This selection (and others shown) are offered for purposes of illustration only.
The difference from the set point 1016 may also be set by selecting field 1018. In response to
receiving the selection of the difference from set point field 1018, the system determines that a
numeric value is associated with the field 1018. After determining that a numeric value is associated
with field 1018, the system provides a data entry window or data entry pad such as shown in FIG. 10B
at data entry pad 1042, for example, for receiving an input of data for the desired difference from set
point. After receiving such data, the system updates the difference from set point field 1018, in
accordance with embodiments disclosed herein. Next, as shown in FIG. 10A, the system alarm sound
1020 may be turned “on” 1022 or “off” 1024 by selecting the appropriate button for such desired
configuration. The selected button changes color to “black” or another designated color or visual
indicia to show selection, according to embodiments. The “on” button 1022 is shown as being
selected in FIG. 10A. Any type of visual indicia change may be uséd in accordance with
embodiments of the present disclosure without departing from the spirit and scope of the present

disclosure. Further, other system settings 1028 may be configured as shown by ellipsis 1026.

After making desired configurations, such changes may be saved by selecting the “Save” button 1030,
in which the system responds to such selection by saving and applying the changes. The
configuration screen then closes, according to embodiments. In another embodiment, a selection may
be made to “Cancel” 1032 the configuration of display settings by selecting the “Cancel” button 1032,
in which the Configuration: System window closes and returns to another screen. Further, UI 1000
provides a status bar 1005 including information related to the system, including the date and time and
status of the system performance, such as “Idle.” Further, alarm 1034, rocker control 1036, other

controls (as shown by ellipsis 1038), and door icon 1040 (for indicating when the door of cell
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expansion system 702 is open, for example) also provide information regarding the cell expansion

system, according to embodiments.

Turning to FIG. 11, UI 1100 provides for configuring a task or protocol for use with the cell
expansion system, in accordance with embodiments of the present disclosure. As shown, UI 1100
appears with screen name “Configure Confirmation: Task A,” for example, after the system receives a
selection to configure a system task or protocol. In embodiments, “Task A” refers to a predetermined
or pre-defined task, such as “Release Adherent Cells with Harvest,” for example. Such selection may
be initially made as shown by selecting button 808 in FIG. 8 and then selecting a particular type of
predetermined or pre-defined protocol, such as “Release and Harvest,” and then selecting “Release
Adherent Cells with Harvest,” according to an embodiment. In another embodiment, UI 1100 appears
after an initial configuration of a task or protocol is made, and the system is providing a confirmation
of the desired configuration. Other embodiments provide for selecting the configuration of protocols
through other buttons or GUI elements, for example. The screen name, “Configure Confirmation:
Task A” 1102 is offered as an example for purposes of illustration. Numerous types of titles, names,
headings, and/or icons may be used in accordance with embodiments of the present disclosure without

departing from the spirit and scope of the present disclosure.

UI 1100 allows for the configuring of default settings for each task or protocol. When the default
settings for a particular task or protocol, e.g., a first task, are configured, the system replaces the
factory default settings for the task, e.g., the first task, with the settings that are configured. In
embodiments, the system also stores the newly configured settings. In embodiments, each time a task,
e.g., first task, is subsequently selected, the system automatically populates the settings for the first
task with the configured default settings. Embodiments also allow the default settings to be reset, or
restored, back to the factory default settings by selection of the “Reset” button or GUI element 1156
of FIG. 11. Selecting “Reset” 1156 restores all of the settings for a selected task back to the factory
default settings for that task, according to embodiments. In embodiments, the restoration of the

factory default settings is stored upon selection of the “Save” GUI element 1158.

Further, UI 1100 of FIG. 11 shows the number of steps 1112 included in the particular task or
protocol listed 1102. For example, UI 1100 shows “step 1”7 1114, “step 2” 1116, and other steps
1120, as shown by ellipsis 1118. Any number of steps, or a single step, may be included according to
embodiments of the present disclosure. Further, other steps not shown in UI 1100 may be included,
as shown by the ability to use buttons or other controls 1104, 1106, 1110, and 1111 for moving
between screens displaying other steps, in embodiments. Ellipsis 1108 represents other buttons or
controls which may be used for moving between screens in accordance with embodiments of the

present disclosure. While not shown in FIG. 11, the title of a particular step may be displayed by the
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step number. For example, for the “Release Adherent Cells with Harvest” protocol, “step 17 1114
may list “Wash Out Lines,” “step 2 1116 may list “Load Reagent,” and “step 3” 1120 may list

“Chase ARC,” according to an embodiment of the present disclosure.

Further, one or more settings for a particular step may be configured by selecting the appropriate
“Configure” GUI element, such as configure button 1148 for step 1, configure button 1150 for step 2,
configure button 1154 for another step 1120, or any other number of configure buttons as shown by
ellipsis 1152 for associated steps shown by ellipsis 1118. Such settings to configure include, for
example, IC Inlet 1122, IC Inlet Rate 1124, IC Inlet Rate 1126, EC Inlet 1128, EC Inlet Rate 1130,
EC Circulation Rate 1132, Outlet 1134, Rocker 1136, Stop Condition 1138, Estimated Fluid Needed
1140, Omit or Include Step 1142, and other settings 1146 as shown by ellipsis 1144, according to
embodiments of the present disclosure. In embodiments, the “Omit or Include Step” 1142 indicates
whether a particular step is included or omitted from the task. While sample data and selected
options, e.g., “Wash” or “Reagent,” are shown in FIG. 11 for particular settings, in which such data
and selected options may represent factory default settings according to embodiments, these data and

selected options are shown for purposes of illustration. The data and selected options shown in FIG.

11 are examples only.

After making desired configurations, such changes may be saved by selecting the “Save” button 1158,
in which the system responds to such selection by saving and applying the changes. The
configuration screen then closes, according to embodiments. In an embodiment, the configuration
screen 1100 shows the changes applied to the settings (after any configurations are made) when
configuration screen 1100 appears in response to another later selection to configure the protocol or
task, for example. In yet another embodiment, changes applied to the settings are shown after the
configuration screen closes by automatically displaying an updated UI 1100 following the saving and
closing of the configuration screen. In another embodiment, a selection may be made to “Cancel”
1160 the configuration of display settings by selecting the “Cancel” button 1160, in which the
Configure Confirmation: Task A window closes and returns to another screen. Further, UI 1100
provides a status bar 1162 including information related to the system, including the date and time and
status of the system performance, such as “Idle.” Further, alarm 1164, rocker control 1166, other
controls (as shown by ellipsis 1168), and door icon 1170 (for indicating when the door of cell
expansion system 702 is open, for example) also provide information regarding the cell expansion

system, according to embodiments.
While FIG. 11 illustrates example UI 1100 for configuring a task or protocol, with associated
processes or steps, for a predetermined or pre-defined task, FIGS. 12A, 12B, and 12C depict example

UI 1200 for configuring a custom or user-defined task, in accordance with embodiments of the
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present disclosure. A custom or user-defined task may be created according to embodiments. The
system provides, in embodiments, for multiple custom or user-defined tasks, such as Custom 1,
Custom 2, Custom 3, Custom 4, Custom 5, etc. In an embodiment, a custom or user-defined task
allows a user or operator to enter all of the settings for a task manually. The factory default settings
and setting options for a step, e.g., a first step, of a custom or user-defined task comprise the

following, according to an embodiment:

Setting Factory Default Setting Options

IC Inlet None Cell, Reagent, IC Media, Wash,
EC Media, None

IC Inlet Rate 0 mL/min 0 to 500 mL/min

IC Circulation Rate 0 mL/min -300 to 300 mL/min

EC Inlet None Reagent, IC Media, Wash, EC
Media, None

EC Inlet Rate 0 mL/min 0 to 300 mL/min

EC Circulation Rate 0 mL/min -300 to 300 mL/min

Outlet EC Waste EC Waste, IC Waste,
Synchronization

Rocker Control Stationary (0°) In Motion (-180 to 270°, 0 to 15
sec), Stationary (-180 to 270%)

Stop Condition Manual Manual, Time (0.1 to 1440
min), IC Volume (1 to 4000
mL), EC Volume (1 to 4000
mL)

Upon receiving the factory default settings, a user may manually enter data and/or make selections
from selection options for a particular setting(s). In an embodiment, such selection options are
provided in the form of a menu, list, window, etc. In a further embodiment, such selection options are
predetermined or pre-defined. Further, a step or multiple steps may be added to a custom or user-
defined task, in which the settings of each step may be modified. The system provides for a user to
select a type of step to add, in which such steps include, in embodiments: Wash Out Lines, Wash Out
Lines Through Membrane, Wash Rapidly, Harvest Cells, Add Bolus, and Custom. Factory default
settings provided for each selected step may then be used or modified, according to embodiments.
The system, in embodiments, does not save the manually entered settings but, instead, provides for the

settings to be entered each time the particular custom task is performed.

In other embodiments, the settings for a custom or user-defined task, such as for Custom 1, may be
configured. Configured settings may be saved, and such settings may then be used when the
particular configured custom task is subsequently selected or executed, for example. As shown in

FIG. 12A, a custom task, such as custom task 1, may be configured. UI 1200 may be retrieved in
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response to a user selecting to configure a custom task of the cell expansion system, in which a screen
entitled, “Configure Confirmation: Custom Task 17 1202 appears to allow the user to make
configurations. The screen name, “Configure Confirmation: Custom Task 17 1202 is offered as an
example for purposes of illustration. Numerous types of titles, names, and/or headings may be used in
accordance with embodiments of the present disclosure without departing from the spirit and scope of
the present disclosure. UI 1200 appears with screen name “Configure Confirmation: Custom Task 1,”
for example, after the system receives a selection to configure a system task or protocol. Such
selection may be initially made as shown by selecting button 808 in FIG. 8, then selecting “Custom,”
and then selecting the Custom Task desired, such as “Custom Task 1.” The Configure Confirmation
screen then appears for the selected custom task. In another embodiment, UI 1200 appears after an
initial configuration to a custom or user-defined task or protocol is made, and the system is providing
a confirmation of the desired configuration. Other embodiments provide for selecting the

configuration of protocols, including custom protocols, through other buttons or GUI elements, for

example.

As shown in FIG. 12A, UI 1200 lists the number of steps 1212 in the custom or user-defined task and
displays the step(s), as shown by custom “step 1” 1214 in UI 1200. Where other steps are included,
such steps may appear in the Configure Confirmation window UI 1200, or in other embodiments,
such steps may be viewed by using the buttons or controls 1204, 1206, 1210, and 1211 to move
between screens. Ellipsis 1208 represents other buttons or controls which may be used for moving
between screens in accordance with embodiments of the present disclosure. By selecting “configure”
button 1248, settings associated with “step 1” 1214 of custom task 1 may be configured. Such
settings to configure include, for example, IC Inlet 1222, IC Inlet Rate 1224, IC Inlet Rate 1226, EC
Inlet 1228, EC Inlet Rate 1230, EC Circulation Rate 1232, Outlet 1234, Rocker 1236, Stop Condition
1238, Estimated Fluid Needed 1240, and other settings 1246 as shown by ellipsis 1242, according to
embodiments of the present disclosure. While sample data and selected options, e.g., “EC Waste,” are
shown in FIG. 12A for particular settings, in which such data and selected options may represent
factory default settings according to embodiments, these data and selected options are shown for

purposes of illustration only. The data and selected options are examples only.

Embodiments also allow for the default settings to be reset, or restored, back to the factory default
settings by selection of the “Reset” button or GUI element 1256 of FIG. 12A. Selecting “Reset” 1256
restores all of the settings for a selected custom task back to the factory default settings for the custom
or user-defined task, according to embodiments. Any configurations made may be saved and stored
by the system by selecting the “Save” button 1252, according to an embodiment, in which the system
stores and applies the configured changes. In such an embodiment, the configuration screen then

closes. In another embodiment, a selection may be made to “Cancel” the configuration of display
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settings by selecting the “Cancel” button 1254, in which the Configure Confirmation window closes
and returns to another screen. Further, UI 1200 provides a status bar 1258 including information
related to the system, including the date and time and status of the system performance, such as
“Idle.” Further, alarm 1260, rocker control 1262, other controls (as shown by ellipsis 1264), and door
icon 1266 (for indicating when the door of cell expansion system 702 is open, for example) also

provide information regarding the cell expansion system, according to embodiments.

According to embodiments, a step may be added to Custom Task 1, for example, by selecting the
button, “Add Step” 1268. In response to receiving a selection of add step GUI element 1268, the
system provides a window or menu 1269 of options for the added step type, as shown in UI 1200 of
FIG. 12B. For example, a selection may be made from the following options: Wash Out Lines 1270,
Wash Out Lines Through Membrane 1272, Wash Rapidly 1274, Harvest Cells 1276, Add Bolus 1278,
Custom 1280, and other step 1282. Further, a selection may be made to “Cancel” 1284 the addition of
a step by selecting the Cancel button 1284, in which the selection menu or window 1269 closes.
While options 1270, 1272, 1274, 1276, 1278, 1280, 1282, and 1284 are depicted in selection window
1269, any types of GUI element types may be used without departing from the spirit and scope of the
present disclosure. The options presented in window 1269 are offered for purposes of illustration.
Following a selection of a step from window 1269, FIG. 12C shows an updated UI 1200, including
added custom “step 2” 1286 and data for settings 1222, 1224, 1226, 1228, 1230, 1232, 1234, 1236,
1238, 1240, and 1246. Further, the added step, shown as custom “step 2” 1286, may be configured
through selection of the configure button 1288. Further, other step(s) may be added through selection
of the “add step” button 1268, according to embodiments. The settings shown in FIGS. 12A, 12B,
and 12C are shown in a table view. Other types of views may be used in accordance with

embodiments of the present disclosure. The table view of UI 1200 is shown for purposes of

illustration.

After selecting to configure a step or process of a task or protocol, a diagram view of the cell
expansion system is provided as shown with UI 1300 in FIG. 13A, according to embodiments of the
present disclosure. The diagram view 1300 depicts the cell expansion system, including the
intracapillary (IC) and extracapillary (EC) sides of the bioreactor 1305, according to embodiments.
Arrows, or other icons, in UI 1300 show the bi-directional flow between the IC and EC sides of the
bioreactor. The diagram view 1300 may include designated colors or other visual indicia representing
the various sides of the bioreactor, according to embodiments. Further, GUI elements, such as
buttons, are associated with various settings. In embodiments, visual indicia, and changes thereof,
may be used to show selections of the GUI elements associated with various settings, in which the
settings include, according to embodiments: IC Inlet 1304, IC Inlet Rate 1306, IC Circulation Rate
1308, Outlet IC and EC Waste 1316, EC Circulation Rate 1314, EC Inlet Rate 1312, and EC Inlet
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1310. In further embodiments, changes in visual indicia may be used to show those settings capable
of being modified or configured. In embodiments, settings may be configured only for settings that
are available for the selected task. If a setting cannot be configured, the button, or other GUI element,
associated with the setting is not enabled, in accordance with embodiments. For example, the GUI
elements 1304, 1306, and 1308 associated with settings IC Inlet, IC Inlet Rate, and IC Circulation
Rate, respectively, are shown as enabled in UI 1300. Embodiments also provide for changes in visual

indicia to show the status of a task when the system is performing the task, for example.

As noted, UI 1300 appears with screen name “Configure Defaults: Task A” 1302 upon selection of a
step to configure. As shown in FIG. 13A, a custom or user-defined task, such as custom task 1, may
be configured through the use of the diagram view depicted in UI 1300. The diagram view depicted
in UI 1300 may also be referred to as a configure defaults screen, according to an embodiment. UI
1300 further includes text indicating the step or process being configured 1304, in which the example
shown in UI 1300 indicates that the “Wash Out Lines: Step 1/5” 1304 is being configured. Text 1304
is offered for purposes of illustration. Any other steps or text may be used in accordance with
embodiments of the present disclosure. While the diagram view depicts the cell expansion system in
UI 1300, a tabular view of the setting data may also be selected with icon 1303, according to
embodiments. Further, UI 1300 provides for the rocker setting 1318 to be configured, in which the
rocker setting determines the position and movement of the bioreactor during a step or process. In an
embodiment, the rocker setting 1318 may be designated as stationary. In another embodiment, the
rocker setting 1318 may be designated as in motion, in which the range of degrees of motion
determines the clockwise or counter-clockwise movement direction of the bioreactor 1305. Further,
the rocker includes a dwell time setting which indicates the amount of time the system rests at the
start and end positions. Rocker GUI element 1318 may be selected to set any of these settings 1320,
according to embodiments. Further, stop condition GUI element 1322 provides for determining how
and when the cell expansion system stops the performance of a current task or step of a task. For
example, the stop condition setting options include, according to embodiments: manual, time, IC
volume, EC volume, exchange, and empty air removal chamber (ARC). As shown in FIG. 13A, Ul
1300 has a stop condition 1322 of Exchange 1324, for example.

Diagram view 1300 of FIG. 13 A further illustrates buttons to include 1326 or omit 1328 the step
depicted, according to embodiments. A user or operator may also desire to configure a previous step
1330 or a next step 1332 and move to the configuration screens for these respective steps by selecting
previous step button 1330 or next step button 1332, respectively. After making desired configurations
to the setting or settings of the noted step, the “confirm” GUI element 1334 may be selected to
confirm the configurations and close the diagram view of UI 1300. UI 1300 provides a status bar

1336 including information related to the system, including the date and time and status of the system
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performance, such as “Idle.” Further, alarm 1338, rocker control 1340, other controls (as shown by
ellipsis 1342), and door icon 1344 (for indicating when the door of cell expansion system 702 is open,

for example) also provide information regarding the cell expansion system, according to

embodiments.

In the embodiment shown in FIG. 13A, the GUI element associated with the IC Inlet Rate setting
1306 is selected, as shown by the arrow, or pointer, at GUI element 1306 in UI 1300. In response to
selection of GUI element 1306, the system determines that the IC Inlet Rate is associated with a
numeric value and provides a data entry window 1346 or data entry pad 1346 in the diagram view
1300 depicted in FIG. 13B. As shown in FIG. 13B, GUI element 1306 is depicted as selected, as
shown by the change of a visual indicator, e.g., a first indicator, associated with GUI element 1306 in
FIG. 13B as compared to a visual indicator, e.g., a second indicator, associated with GUI element
1306 in FIG. 13A. After providing data using data entry window 1346, GUI element 1306 is updated

to reflect the received data, according to embodiments.

In another embodiment, GUI element 1304 is selected, as shown by the change of a visual indicator,
e.g., second indicator, associated with GUI element 1304 of UI 1300 in FIG. 13C as compared to a
visual indicator, e.g., first indicator, associated with GUT element 1304 in FIG. 13A. Upon receiving
the selection of GUT element 1304 for configuration, the system determines that GUI element 1304 is
associated with the IC Inlet and that a selection option is applicable to the IC Inlet. The system then
retrieves the applicable selection options for the IC Inlet and presents the options in window or menu
1348. For example, window or menu 1348 provides selection options for the IC Inlet of: IC Media
1350, Reagent 1352, Cell 1354, EC Media 1356, Wash 1358, or None 1360. Further, the window or
menu 1348 provides for a user or operator to cancel the selection of a setting type for GUI element
1304 by selecting the “Cancel” button 1362 in menu or window 1348. In an embodiment, the GUI
element 1304 depicted in the diagram view of UI 1300 is then updated with the selection made with
window or menu 1348. In an embodiment, the IC Inlet is shown as depicting a “Wash” for the task
listed of “Wash Out Lines” 1304. However, these settings and task type, as noted, are offered for

purposes of illustration only.

While FIGS. 13A, 13B, and 13C show the selections of particular GUI elements, these selections are
offered for purposes of illustration. Any types of selections may be made in embodiments. In
addition, diagram view 1300 may include additional data, controls, and/or other GUI elements,
including a pressure window, temperature window, system window, etc. (not shown), according to

embodiments. Diagram view 1300 may also include fewer GUI elements, data, etc., according to

other embodiments.
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With respect to FIGS. 8, 9A, 9B, 9C, 9D, 10A, 10B, 11, 12A, 12B, 12C, 13A, 13B, and 13C above,
whilc a single Ul associated with each screen may be provided according to embodiments of the
present disclosure, multiple Uls can be displayed in accordance with other embodiments disclosed
herein. Uls 800, 900, 1000, 1100, 1200, and 1300 are offered for purposes of illustration. Any type
of Uls and GUI elements can be used in accordance with embodiments of the present disclosure. In
another embodiment, a Ul is not used. Rather, a configuration selection, input data, and output data

may be provided by another device, output, etc., in accordance with embodiments of the present

disclosure.

While various example Uls for interacting with a user or operator, for example, of the cell expansion
system have been described, FIGS. 14A, 14B, 14C, and 14D illustrate example operational steps 1400
for modifying a predetermined or pre-defined task type, in accordance with embodiments of the
present disclosure. Start operation 1402 is initiated by opening a home screen, for example, of the
cell expansion system, and process 1400 proceeds to receive selection of a task operation 1404, in
which a button or other GUI element for selecting a task or protocol is selected. In embodiments, a
home screen of the cell expansion system comprises GUI elements to allow a selection of a desired
action, such as a selection to execute a task, a selection to configure a setting, etc. The system then
provides a choice of task types, including pre-defined or predetermined tasks 1406, such as load tasks,
wash tasks, add tasks, and harvest tasks, according to embodiments. Further embodiments provide for
the task types to be further described, in which specific task names are provided for the task types,
including the following:

o Load tasks: High flux load, load with circulation, coat bioreactor, cell attachment

e Wash: Bone marrow washout, aggressive washout, IC EC washout, IC EC washout through

membrane, wash inlet line
e Add: Continuous add with ultrafiltration, reagent add, bolus add, continuous add

e Harvest: Harvest cells, release adherent cells, release with harvest.

The type of task selected is then received 1408, and the default settings for the selected task type are
retrieved 1410. Setting options for the task type are also retrieved 1412. Process 1400 then continues
via off-page reference A 1414 to operation 1415 of FIG. 14B, in which the default settings are
provided in table form in a setup confirmation view screen. Next, it is determined 1416 whether an
indication is received to modify the settings for a process or step, in which a “Modify” button or other
GUI element may be selected in the setup confirmation view screen. If an indication to modify a
setting is not received, process 1400 proceeds NO to query 1418 to determine if an indication to
execute the task is received. In an embodiment, an indication to execute the task comprises selecting

a “Start” button or other Ul element indicating to run the task. If an indication to execute the task is
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received, the system executes or performs the task 1420. Process 1400 then terminates at END
operation 1422. If query 1418 determines that an indication to run the protocol is not received,
process 1400 proceeds to receive another indication 1424, such as an indication to exit the setup
screen, for example. Other indications may be received in other embodiments. The system then

responds to the received indication 1426, and process 1400 then terminates at END operation 1422.

Returning to query 1416, if it is determined that an indication is received to modify a setting, process
1416 proceeds YES to determine the step selected to modify 1428. The settings associated with the
selected step are then retrieved 1430. The retrieved setting(s) are associated with GUI element(s)
1431. For example, the system associates 1431 a setting, e.g., a first setting, with a GUI element, e.g.,
a first GUI element. The GUI element may be further associated with data associated with the setting,
e.g., default data, according to embodiments. For example, a GUI element may be associated with a
numeric value, a media type, e.g., Cells, Reagent, etc., depending on the associated setting type. In
embodiments, the first GUI element displayed in the diagram window shows the default data
associated with the first GUI element.

Query 1432 then determines if specific settings are available for modification, e.g., a determination is
made as to whether specific settings can be modified, in which the settings capable of being modified
are identified by the system. In response to determining that all settings associated with the selected
step can be modified, process 1400 proceeds “All” to enable for selection all GUI element(s)
associated with the setting(s) 1436. On the other hand, in response to determining that only specific
settings are available for modification, process 1400 branches “Specific” at query 1434 to enable
specific GUI elements for selection 1434. A diagram view or window showing the enabled and/or
non-enabled settings is then provided, in which such providing includes: rendering the GUI
element(s) 1437 and displaying the diagram view or window with the enabled and/or non-enabled
GUI element(s) 1438. Process 1400 then continues through off-page reference B 1440 to operation
1442 of FIG. 14C, in which an indication to modify a selected setting is received by selection of a
GUI element associated with the desired setting in the diagram view, according to an embodiment of

the present disclosure. Information for the selected setting is then retrieved 1444.

Next, the system determines at query 1446 whether the selected setting is associated with a numeric
value. For example, a rate, such as the IC Inlet Rate, is associated with a numeric value. If it is
determined 1446 that the selected setting is associated with a numeric value, process 1400 branches
YES to provide data entry pad 1448. An entry of data is received 1450. It is then determined whether
the entry is within the range of setting options 1452. If the entry is within the range of setting options,
process 1400 proceeds YES to update the selected setting 1454. Process 1400 then continues through
off-page reference C 1468 to query 1470. If the entry is not within the range of setting options,
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process 1400 proceeds NO to receive another data entry 1450, and process 1400 then continues to
operation 1452, In an embodiment, query 1452 is optional, and process 1400 proceeds directly to

update the setting 1454 according to the received value.

Returning to query 1446, if the selected setting is not associated with a numeric value, process 1400
proceeds NO to query 1456 to determine whether a menu or window of options is applicable to the
selected setting. If a menu or window of options is applicable to the selected setting, process 1400
proceeds YES to refrieve applicable options 1458. The menu or window of options is then provided
1460, and a selection is received 1462. The selected setting is then updated 1454, and process 1400
proceeds through off-page reference C 1468 to query 1470. Returning to query 1456, if a menu or
window of options 1456 is not applicable to the selected setting, process 1400 proceeds NO to provide
other input/selection capability, such as a field, button, control, etc., 1464. A selection is then

received 1466, and the selected setting is updated 1454. Process 1400 then proceeds through off-page
reference 1468 to query 1470 of FIG. 14D.

Next, query 1470 determines whether a confirmation of the settings provided is received. If a
confirmation is not received, query 1470 proceeds NO to receive a selection to modify another setting
or settings 1472 from within the diagram view. Process 1400 then proceeds through off-page
reference D 1474 to FIG. 14C, and process 1400 then continues at operation 1442. If query 1470
determines that the modified settings are confirmed, process 1400 proceeds YES to provide an
updated setup confirmation view, such as in table form, for example, 1476. It is next determined 1478
whether an indication is received to modify any other steps 1478 from within the setup confirmation
view. Ifit is desired to modify other steps, process 1400 proceeds YES to off-page reference E 1480,
and process 1400 then continues to FIG. 14B where the selected step for modification is determined
1428. If it is determined at query 1478 not to modify other steps, process 1400 proceeds NO to
determine whether an indication is received to execute the task 1482. If a selection to run the task is
received, process 1400 proceeds YES to execute task operation 1484, in which the protocol is
performed with the cell expansion system. Process 1400 then terminates at END operation 1486. If
an indication is not received to execute the task 1482, process 1400 proceeds NO to query 1496 to
determine whether an indication is received to reset the modified setting(s) to the factory default
settings. If an indication to “Reset” is received, such as by selecting a GUI element associated with
the “Reset” functionality, process 1400 proceeds YES to reset the settings to the default values 1498.
In an embodiment, the default values comprise the factory default values. If an indication to reset is
not received, process 1400 proceeds NO to query 1490 to determine whether an indication to cancel
the setup for the selected protocol is received. If an indication to cancel is received, process 1400
proceeds YES to exit the setup confirmation view 1491. Process 1400 then terminates at END

operation 1492. If an indication to cancel is not received 1490, process 1400 proceeds NO to receive
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another indication 1493, such as an indication to move to another screen, for example. The system

then responds 1494 to the indication, and process 1400 terminates at END operation 1492.

While FIGS. 14A, 14B, 14C, and 14D relate to modifying a setting(s) of a step of a protocol or task,
FIGS. 15A and 15B illustrate example operational steps 1500 for configuring settings of the cell
expansion system, in which such settings are stored and replace the applicable default settings, in
accordance with embodiments of the present disclosure. Start operation 1502 is initiated, and process
1500 proceeds to receive a selection to configure a setting 1504, in which a “Configuration” GUI
element related to configuration aspects for the system, such as a GUI element displayed on the
system home screen, is received. In response to receiving the selection to configure 1504, the system
provides configuration options 1506, including options to configure the display settings, system
settings, and/or task default settings. Next, it is determined 1508 which of system settings, display
settings, or task default settings is selected for configuration. If the system settings are selected 1510,
process 1500 proceeds to retrieve system setting options 1510, and the system setting options for
configuration, such as alarm sound, incubator “on” or “off,” etc., are provided 1512, according to
embodiments. Process 1500 then continues through off-page reference A 1514 to operation 1541 of
FIG. 15B. Ifit is desired to configure display settings, process 1500 proceeds to retrieve the display
setting options 1516, and the display setting options are provided 1518, in which such display setting

configuration options include date and time format, etc., according to embodiments.

Alternatively, if the default settings for tasks is selected, process 1500 proceeds to provide the task
types 1520, including pre-defined or predetermined tasks and custom tasks, according to an
embodiment. A selection of the task type desired is received 1522, and it is determined 1524 which
selection has been made, i.e., custom or pre-defined or predetermined task. If a predetermined or pre-
defined task selection is received, process 1500 branches “Pre-Defined” to providing a list of the pre-
defined task options 1526, receiving a selection of a predetermined task option 1528, retrieving
default settings 1530 for the selected task, and providing the default settings for the selected
predetermined task 1532. Process 1500 then continues through off-page reference A 1514 to
operation 1541 of FIG. 15B. Returning to query 1524, if a custom or user-defined task selection is
received, process 1500 branches “Custom” to listing custom or user-defined task options, such as
Custom Task 1, Custom Task 2, etc., 1534. A selection of a custom task option, e.g., Custom Task 1,
is received 1536. Default settings for the custom task are retrieved 1538, and the default settings for

the custom task are provided 1540. Process 1500 then proceeds through off-page reference A 1514 to
operation 1541 of FIG. 15B.

At operation 1541 of FIG. 15B, a selection of a particular step or process of the task to configure is

received, in accordance with embodiments of the present disclosure. In embodiments, the system then
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provides a diagram view 1542 of the cell expansion system for the step selected. A selection of a GUI
element associated with a setting to configure is then rececived 1543, and it is determined whether the
selected setting is associated with a numeric value, selection window or menu, or other input
capability using a window or other confrol 1544. If the selected setting is associated with a data entry
window, selection window or menu, or other input/selection capability using a window or other
control, process 1500 proceeds YES to provide the applicable capability 1546, such as a data entry
pad according to embodiments. Process 1500 then proceeds to operation 1548. If query 1544
determines that a selection of data may be received, such as in a field of the GUI element, for
example, without providing a data entry window, selection window, or other input/selection capability
using a window or other control, process 1500 proceeds NO to receive the data or selection 1548. To
store the configuration settings, an indication to “Save” is received 1550, in which the system then
stores the configurations 1552 and replaces 1553 the default settings or previously configured settings
1553 with the newly configured settings. In an embodiment, the first settings are replaced with the
second configured settings 1553. Process 1500 then terminates at END operation 1554.

Next, FIG. 16 illustrates example operational steps 1600 for configuring protocol or task settings, and
executing the task or protocol with the configured settings, according to an embodiment of the present
disclosure. Start operation 1602 is initiated, and process 1600 proceeds to receive an indication to
configure a task setting(s) 1604. A process view, or diagram view, depicting the cell expansion
system, including the IC and EC sides of the bioreactor and related settings as associated with GUI
elements, for example, is displayed 1606. An indication of a setting to configure is then received
1608, and a data entry pad or data entry window, menu, or other input/selection capability is provided
1610 as determined by the system as meeting the particular selected setting’s characteristics.
Information or data for the selected setting is then received 1612, and, in response to receiving an
indication to save the setting configuration 1614, the system stores the configuration 1616. Next, a
selection is received to execute the configured task associated with the configured task setting 1618.
In an embodiment, an indication to execute the task comprises selecting a “Start” button or other Ul
element indicating to run the task. The configured, and stored, settings for the selected task are

retrieved, and the task is executed with the stored setting(s) 1620. Process 1600 then terminates at

END operation 1622,

While FIG. 16 depicts process steps for executing a task with stored configurations, FIG. 17 illustrates
example operational steps 1700 for interpreting selections made using the touch screen of a user
interface of the cell expansion system, according to embodiments of the present disclosure. The touch
screen of the cell expansion system allows a user or operator, for example, to communicate with and
interact with the cell expansion system by selecting GUI elements, selecting options from menus or

windows, entering data, etc. Start operation 1702 is initiated, such as by turning the cell expansion
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system “on” or displaying a home screen for the cell expansion system using a display device,
according to embodiments. Process 1700 then proceeds to receive a touch event on the display area
1704, in which a user or operator touches, or uses a touch input device, for example, a GUI element
on the display area of the cell expansion system, such as of cell expansion system 702 of FIG. 7. A
location of the touch event 1706 is next determined, and the location is mapped to a UI element 1708.
The system next determines that the location corresponds to a selection of a task configuration 1710,
according to an embodiment. Data specific to the selected task configuration is then retrieved 1712,
such as data associated with certain steps and/or settings of the selected task. A UI for the selected
task is then rendered 1714, in which settings available for configuration are enabled. Information,
such as a diagram view showing the IC and EC sides of the bioreactor with relevant settings, is then
displayed for receiving configurations 1716. A touch event is then received for a setting, such as for
setting “A,” for example 1718. To show that setting “A” has been selected for configuration, the Ul is
rendered with the GUI element associated with setting A having a change in visual indicia 1720 in the

diagram view, for example, to show it has been selected.

In an embodiment, a GUI element associated with setting A may be enabled before it is selected, in
which the display of setting A in the diagram view shows the GUI element associated with setting A
as being selectable through the use of a designated visual indicia. For example, the GUI element
associated with an enabled setting may be rendered and displayed as having a first color, while a GUI
element associated with a non-enabled setting may be rendered and displayed as having a second
color. Where an enabled GUI element is selected, an additional change in visual indicia may apply.
For example, an enabled GUI element for selected setting A is changed in color to a third color, for
example, to show it is selected, e.g., such as by changing it to the color “black” when it is selected. A
GUI element having a change in visual indicia to show it has been selected is displayed 1722. Input
for setting A is then received 1724, such as through use of a window, selection menu, or other
input/selection mechanism, according to embodiments. The input received is then processed 1726.
The visual indicia for setting A is then returned 1728 to its original visual indicia, according to
embodiments. For example, the visual indicia is changed from a first indicia to a second indicia when
it is selected. Setting A is then returned to the first visual indicia after the requested configuration of
setting A is made. The input provided for the configuring of setting A is then displayed 1730, such as
within the GUI element for setting A in the diagram view and/or in the table of settings for

configuration, in accordance with embodiments disclosed herein. Process 1700 then terminates at

END operation 1732.
Turning to FIGS. 18A, 18B, 18C, and 18D, example operational steps 1800 are provided for
configuring a pre-defined task or protocol for use with the cell expansion system and storing the

configured settings, in accordance with embodiments. Start operation 1802 is initiated, and process
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1800 proceeds to receiving a selection to configure 1804. Configuration selection options, including
GUTI elements to select to configure system settings, display settings, task settings, ctc., are retrieved
and provided 1806. A selection to configure the default settings for tasks is then received 1808. The
types of tasks for selection are then provided 1810, and a selection of a pre-defined task is received
1812. The default settings for the selected task are then retrieved 1814, and process 1800 continues
through off-page reference A 1816 to operation 1817 of FIG. 18B. At operation 1817, default settings
for the selected task are provided in a configure confirmation UI, such as shown with UI 1100 of FIG.
11, for example. In an embodiment, the configure confirmation window or view includes a listing of
the settings and associated data for one or more steps associated with the selected task. In an
embodiment, the settings and associated data are provided in a table format. Query 1818 next
determines whether an indication is received to configure the settings for a step or process associated
with the selected task and displayed in the configure confirmation UL If a selection to configure the
settings for a step is not received, process 1800 proceeds NO to query 1820, in which it is determined
whether a selection to cancel the configuration is received. If an indication to cancel is received,
process 1800 proceeds YES to close the configuration window 1822 and exit. Process 1800 then
terminates at END operation 1824, in which a home screen of the cell expansion system may appear,
according to embodiments. If an indication to cancel is not received at query 1820, process 1800
proceeds NO to receive another indication 1826, such as to switch to another screen through a
selection of a next screen button, control, or icon, for example. The indication received is responded

to 1828, and process 1800 then terminates at END operation 1824.

Returning to query 1818, if an indication to configure settings for a step is received, process 1800
proceeds YES to determine the step selected 1830, and the setting(s) associated with the selected step
are retrieved 1831. The retrieved setting(s) are associated with GUI element(s) 1832. For example,
the system associates 1832 a setting, e.g., a first setting, with a GUI element, e.g., a first GUI element.
The GUI element may be further associated with data associated with the setting, e.g., default data,
according to embodiments. For example, a GUI element may be associated with a numeric value, a
media type, e.g., Cells, Reagent, etc., depending on the associated setting type. In embodiments, a
first GUI element displayed in the diagram view shows the default data associated with the first GUI
element. Further, a second GUI element displayed in the diagram view shows the default data

associated with the second GUI element, etc.

Query 1834 next determines if specific settings are available for configuration, e.g., a determination is
made as to whether specific settings are configurable, in which the configurable settings are identified
by the system. As discussed above, settings may be configured only for settings that are available for
configuration for the selected task, according to embodiments of the present disclosure. If a setting

cannot be configured, the button, or other GUI element, associated with the setting is not enabled for
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selection, in accordance with embodiments. For example, enabling the first GUI element for selection
includes showing that the GUI element is capable of selection by the use of a visual indicator(s)
showing such selection capabilities. For example, in embodiments, a GUI element that is not enabled
is a first color, while a GUI element that is enabled is a second color. A visual indicia change
comprising a color change is offered for purposes of illustration. Numerous types of visual indicia
changes may be used to designate a GUI element as being enabled without departing from the spirit
and scope of the present disclosure. For example, text may be used to show whether a GUI element is
enabled or not enabled, such as by labels designating “Enabled” or “Not Enabled,” respectively.
Further embodiments also include using any type of indicia change without departing from the spirit

and scope of the present disclosure, in which such indicia changes are not limited to visual indicia

changes.

Returning to query 1834, in response to determining that all settings associated with the selected step
are configurable, process 1800 proceeds “All” to enable for selection all GUI element(s) associated
with the setting(s) 1838. On the other hand, in response to determining that only specific settings are
available for configuration, process 1800 branches “Specific” at query 1834 to enable specific GUI
elements for selection 1836. A diagram view or window showing the enabled and/or non-enabled
settings is then provided, in which such providing includes: rendering the GUI element(s) 1837 and
displaying the diagram view or window with the enabled and/or non-enabled GUI element(s) 1840.
Process 1800 then proceeds through off-page reference B 1842 to operation 1844 of FIG. 18C.

At operation 1844, an indication to configure a selected setting is received, such as by receiving a
selection of a GUI element associated with the selected setting. Information related to the selected
setting is then retrieved 1846, including information such as whether the setting is associated with a
numeric value, for example. Query 1848 determines whether the setting is associated with entry of a
numeric value. If entry of a numeric value is associated with the setting, process 1800 proceeds YES
to provide data entry pad or window 1850 for receiving an entry of data 1852. In an embodiment, it
may be determined whether the numeric value entered is within the available setting options 1854, for
example. If the entry is not within the acceptable range, process 1800 proceeds to operation 1852 to
receive another data entry. If the entry is within the available range 1854, process 1800 proceeds YES
to update the setting 1856 according to the received value. In an embodiment, query 1854 is optional,

and process 1800 proceeds directly to update the setting 1856 according to the received value.

In an embodiment, where a value for a first configured setting is received, another setting may be
automatically calculated by the system based on the received first value. In an embodiment, a task
may include a pump rate, such as the IC Circulation Rate, that the system automatically calculates

based on another pump rate for the task, such as the IC Inlet Rate. In an embodiment, a user or
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operator may override an automatically calculated pump rate. In another embodiment, a user or
operator may not be permitted to override the automatically calculated pump rate. In embodiments,
setting options indicate whether it is possible to override an automatically calculated value. As shown
in FIG. 18C, after updating a setting 1856 based on receiving an entry of data, for example, the
system determines whether to automatically calculate any other settings in query 1870. Where no
automatic calculation occurs, process 1800 proceeds NO to off-page reference C 1872, and process
1800 continues to query 1873 of FIG. 18D. Where another setting is automatically calculated based
on configuration of the first setting, process 1800 proceeds YES to calculate the value for the second
setting 1874 and update the second setting 1876. Process 1800 then proceeds through off-page
reference C 1872 to query 1873 of FIG. 18D. In embodiments, query 1870 is optional, in which
process 1800 provides for updating the setting operation 1856 and proceeding through off-page
reference C 1872 to query 1873 of FIG. 18D.

Returning to query 1848, if it is determined that the selected setting is not associated with a numeric
value, process 1800 proceeds NO to query 1858 to determine if a menu, list, or window, for example,
of selection options is associated with the selected setting. In an embodiment, such selection options
are predetermined or pre-defined. In an embodiment, such selection options comprise text, such as
“Wash.” In another embodiment, the selection options include a numeric value. If a window or menu
of selection options is associated with the selected setting, process 1800 proceeds YES to retrieve the
applicable options 1860. The menu or window of options is then provided 1862, and a selection of an
option is received 1864. For example, “Wash” is selected 1864 from a menu of options 1862 for the
IC Inlet setting, according to an embodiment of the present disclosure. The selected setting is then
updated 1856. Process 1800 then proceeds to query 1870 to determine if any other settings are
automatically calculated based on the selection received at operation 1864. Where no other settings
are automatically calculated based on the received selection at operation 1864, process 1800 proceeds
NO through off-page reference C 1872 to query 1873 of FIG. 18D. In embodiments, query 1870 is
optional, in which process 1800 provides for updating the setting operation 1856 and proceeding

through off-page reference C 1872 to query 1873 of FIG. 18D.

Next, returning to query 1858, where a menu or window of selection options is not associated with the
selected setting, process 1800 proceeds to operation 1866 for providing another input/selection
capability, such as a field, radio button, control, checkbox, etc., according to embodiments of the
present disclosure. Input is received at operation 1868, and the selected setting is updated 1856,
Process 1800 then proceeds to query 1870. Where no other settings are automatically calculated
based on the received selection at operation 1864, process 1800 proceeds NO through off-page
reference C 1872 to query 1873 of FIG. 18D. In embodiments, query 1870 is optional, in which
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process 1800 provides for updating the setting operation 1856 and proceeding through off-page
reference C 1872 to query 1873 of FIG. 18D.

At query 1873 of FIG. 18D, it is determined whether a confirmation of the configured setting(s) is
received. If no confirmation is received, process 1800 proceeds NO to determine whether a selection
to include or omit a step is received 1874. If such a selection is received, the appropriate application
of the request occurs 1876, and process 1800 then proceeds to query 1873. If no steps are included or
omitted at query 1874, process 1800 proceeds NO to query 1878 for determining whether a selection
to configure other settings 1878 is received. If other settings are desired to be configured, process
1800 proceeds YES to off-page reference D 1880, in which process 1800 continues to operation 1844
of FIG. 18C. Ifno selection is received to configure another setting(s), process 1800 proceeds NO to
receive an indication to configure another step(s) of the selected task 1882, such as by selecting a
button(s) with the applicable functionality, for example. Process 1800 then proceeds through off-page
reference E 1884 to operation 1830 of FIG. 18B. Returning to query 1873, if a confirmation of the
configuration is received, process 1800 proceeds YES to provide an updated configure confirmation
view 1886, in which the settings, including any configured settings, are provided in the updated view
1886. In an embodiment, the configure confirmation view comprises a table format. Query 1888 next
determines whether an indication is received in the table view of the settings to configure any other
step(s). If a selection for configuring other step(s) is received, process 1800 proceeds YES through
off-page reference E 1884 to operation 1830 of FIG. 18B. If no other configuration of steps is
desired, process 1800 proceeds NO to query 1889 to determine whether the configurations are to be
stored. If an indication to save the configuration(s) is received, process 1800 proceeds YES to store
the settings as defaults 1890, in which the previous default settings, including previously configured
default settings, if any, are replaced with the newly configured settings. In an embodiment, such
configurations are stored through the use of Extensible Markup Language (XML) files. However, any
type of storage capabilities understood by those of skill in the art may be used without departing from
the spirit and scope of the present disclosure. Process 1800 then terminates at END operation 1891, in

which the configure task settings Ul is closed, according to embodiments.

Returning to query 1889, if an indication to store the configurations is not received, process 1800
proceeds NO to receive an indication to reset the settings query 1892, in which it is determined
whether a selection to reset the settings to the factory default settings is received 1892. If a selection
to reset the settings is received, process 1800 proceeds YES to reset the settings to the default values
1893. Process 1800 then continues to query 1889. If no indication to reset at query 1892 is received,
process 1800 proceeds NO to query 1894 to determine whether an indication to cancel the
configuration is received. If an indication to cancel is received, process 1800 proceeds YES to exit

the configure confirmation table view 1895, and process 1800 then terminates at END operation 1896.
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If no indication to cancel is received at query 1894, process 1800 proceeds NO to receive another
indication 1897, such as an indication to move to another screen, for example, through the selection of
a button, control, or other icon, according to an embodiment. The system responds 1898 to the
selection of the other indication 1897, as applicable, e.g., moving to another screen in an embodiment

selecting the next screen, for example, and process 1800 terminates at END operation 1896.

While FIGS. 18A, 18B, 18C, and 18D depict example process 1800 for configuring a pre-defined
task, FIGS. 19A, 19B, 19C, and 19D illustrate example operational steps 1900 for configuring a
custom or user-defined task, in accordance with embodiments of the present disclosure. Start
operation 1902 is initiated, and process 1900 proceeds to operation 1904 for receiving a selection to
configure. Configuration selection options, including GUI elements to select to configure system
settings, display settings, task settings, etc., are provided 1906. A selection to configure the default
settings for tasks is then received 1908. The types of tasks for selection are then provided 1910, and a
selection of a custom task, e.g., Custom Task 1, is received 1912. The default settings for the selected
custom task are then retrieved 1914 from storage, for example. The default settings are then provided
in a configure confirmation view 1916, in accordance with an embodiment. In further embodiments,
the configure confirmation view comprises a table format for listing the settings. Next, query 1918
determines whether a selection is received to add a step to the custom task. In an embodiment, a
custom task includes a single step by default. If a selection to add a step is received, process 1900
proceeds YES to add the step and retrieve the default settings for the added step 1920. Process 1900
then continues to operation 1916 for providing the default settings in the configure confirmation table
view, according to embodiments. If no step is desired to be added at query 1918, process 1900
proceeds NO through off-page reference A 1922 to query 1924 of FIG. 19B. While query 1918
determines whether a step is to be added, other embodiments provide for a user or operator to select to
add a step at a later time, for example, in another UL, e.g., in the diagram view or window for
configuring, etc. Embodiments provide for numerous types of windows to provide the functionality
to add a step(s). Query 1918 is offered as an example for determining whether to add a step in

process 1900. As noted, other embodiments provide for a step(s) to be added before or after query
1918, etc.

As process 1900 continues through off-page reference A 1922 to query 1924 of FIG. 19B, it is
determined whether an indication is received to configure the settings for a step or process associated
with the selected task and displayed in the configure confirmation Ul If a selection to configure the
settings for a step is not received, process 1900 proceeds NO to query 1926, in which it is determined
whether a selection to cancel the configuration is received. If an indication to cancel is received,
process 1900 proceeds YES to close the configuration window 1928 and exit the configuration screen.

Process 1900 then terminates at END operation 1930, in which a home screen of the cell expansion
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system may appear, according to embodiments. If an indication to cancel is not received at query
1926, process 1900 proceeds NO to receive another indication 1932, such as to switch to another
screen through a selection of a next screen button, control, or icon, for example. The indication

received is responded to 1934, and process 1900 then terminates at END operation 1930.

Returning to query 1924, if an indication to configure settings for a step is received, process 1900
proceeds YES to determine the step selected 1936, and the setting(s) associated with the selected step
are retrieved 1938. The retrieved setting(s) are associated with GUT element(s) 1939. For example,
the system associates 1939 a setting, e.g., a first setting, with a GUI element, e.g., a first GUI element.
The GUI element may be further associated with data associated with the setting, e.g., default data,
according to embodiments. For example, a GUI element may be associated with a numeric value, a
media type, e.g., Cells, Reagent, etc., depending on the associated setting type. In embodiments, a

first GUI element displayed in the diagram view shows the default data associated with the first GUI

element, for example.

Query 1940 next determines if specific settings are available for configuration, e.g., a determination is
made as to whether specific settings are configurable, in which the configurable settings are identified
by the system. As discussed above, settings may be configured only for those settings that are
available for configuration, according to embodiments of the present disclosure. If a setting cannot be
configured, the button, or other GUI element, associated with the setting is not enabled for selection,
in accordance with embodiments. For example, enabling the first GUI element for selection includes
showing that the first GUI element is capable of selection by the use of one or more visual indicia
showing such selection capabilities. In embodiments, a GUI element that is not enabled is a first
color, while a GUI element that is enabled is a second color. A visual indicia change comprising a
color change is offered for purposes of illustration. Numerous types of visual indicia changes may be
used to designate a GUI element as being enabled without departing from the spirit and scope of the
present disclosure. For example, text may be used to show whether a GUI element is enabled or not
enabled, such as by labels designating “Enabled” or “Not Enabled,” for example. Further
embodiments also include using any type of indicia change without departing from the spirit and

scope of the present disclosure, in which such indicia changes are not limited to visual indicia

changes.

Returning to query 1940, in response to determining that all settings associated with the selected step
are configurable, process 1900 proceeds “All” to enable for selection all GUI element(s) associated
with the setting(s) 1944. On the other hand, in response to determining that only specific settings are
available for configuration, process 1900 branches “Specific” at query 1940 to enable specific GUI

elements for selection 1942. A diagram view or window showing the enabled and/or non-enabled
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settings is then provided, in which such providing includes: rendering the GUI element(s) 1945 and
displaying the diagram view or window with the enabled and/or non-enabled GUI element(s) 1946.
Process 1900 then proceeds through off-page reference B 1948 to operation 1950 of FIG. 19C.

At operation 1950 of FIG. 19C, an indication to configure a selected setting is received, such as by
receiving a selection of a GUI element associated with the selected setting. Information related to the
selected setting is then retrieved 1952, including information such as whether the setting is associated
with a numeric value, for example. Query 1954 determines whether the setting is associated with
entry of a numeric value. If entry of a numeric value is associated with the setting, process 1900
proceeds YES to provide data entry pad or window 1956 for receiving an entry of data 1958. In
embodiments, it may be determined whether the numeric value entered is within the available setting
options 1960, for example. If the entry is not within the acceptable range, process 1900 proceeds to
operation 1958 to receive another data entry. If the entry is within the available range 1960, process
1900 proceeds YES to update the setting 1962 according to the received value. In an embodiment,
query 1960 is optional, and process 1900 proceeds to update the setting 1962 according to the

received value.

Further, in updating the selected setting 1962, or after such updating, for example, embodiments may
provide for a second setting to be automatically calculated based on the value received for the first
setting. In an embodiment, such calculations occur automatically. In another embodiment, such
calculations are optional. As an example, a task may include a pump rate, such as the IC Circulation
Rate, that the system automatically calculates based on another pump rate for the task, such as the IC
Inlet Rate. A user or operator may override an automatically calculated pump rate, according to an
embodiment of the present disclosure. In another embodiment, a user or operator may not be
permitted to override the automatically calculated pump rate. In embodiments, setting options
indicate whether an automatically calculated value may be overridden. Process 1900 then proceeds

through off-page reference C 1976 to query 1977 of FIG. 19D.

Returning to query 1954, if it is determined that the selected setting is not associated with a numeric
value, process 1900 proceeds NO to query 1964 to determine if a menu, list, or window, for example,
of selection options is associated with the selected setting. If a window, list, or menu, for example, of
selection options is associated with the selected setting, process 1900 proceeds YES to retrieve the
applicable options 1966. In an embodiment, such selection options are predetermined or pre-defined.
The menu, list, or window of selection options is then provided 1968, and a selection of an option is
received 1970. For example, “Wash” is selected for the IC Inlet setting, according to an embodiment
of the present disclosure. In another embodiment, a numeric value is selected, for example. The

selected setting is then updated 1962. In an embodiment, any automatically calculated settings (based
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on any received data for the selected setting, for example) are also updated at update setting operation
1962. In another embodiment, any automatically calculated settings are updated after update setting

operation 1962. Process 1900 next proceeds through off-page reference C 1976 to query 1977 of FIG.
18D.

Returning to query 1964, where a menu, list, or window, for example, of selection options is not
associated with the selected setting, process 1900 proceeds to operation 1972 for providing another
input/selection capability, such as a field, radio button, control, checkbox, etc., according to
embodiments of the present disclosure. Input or a selection is received at operation 1974, and the
selected setting is updated 1962. In an embodiment, any automatically calculated settings (based on
any received data for the selected setting, for example) are also updated at update setting operation
1962. In another embodiment, any automatically calculated settings are updated after update setting

operation 1962. Process 1900 then proceeds through off-page reference C 1976 to query 1977 of FIG.
18D.

At query 1977 of FIG. 19D, it is determined whether a confirmation of the configured setting(s) is
received. If no confirmation is received, process 1900 proceeds NO to determine whether a selection
to include or omit a step is received 1978. If such a selection is received, the appropriate application
of the request occurs 1979, and process 1900 then proceeds to query 1977. If no steps are included or
omitted at query 1978, process 1900 proceeds NO to query 1980 for determining whether a selection
to configure other settings is received. If other settings are desired to be configured, process 1900
proceeds YES to off-page reference D 1981, in which process 1900 continues to operation 1950 of
FIG. 19C. If no selection is received to configure another setting(s), process 1900 proceeds NO to
receive an indication to configure another step(s) of the selected task 1982. Process 1900 then
proceeds through off-page reference E 1983 to operation 1936 of FIG. 19B. Returning to query 1977,
if a confirmation of the configuration is received, process 1900 proceeds YES to provide an updated
configure confirmation view 1984, in which the settings, including any configured settings, are
provided in the updated view 1984. In embodiments, the updated configure confirmation view
comprises a table format. Query 1985 next determines whether an indication is received in the
updated configure confirmation view of the settings to configure any other step(s). If a selection for
configuring other step(s) is received, process 1900 proceeds YES through off-page reference E 1983
to operation 1936 of FIG. 19B. If no other configuration of steps is desired, process 1900 proceeds
NO to query 1986 to determine whether the configurations are to be stored. If an indication to save
the configuration(s) is received, process 1900 proceeds YES to store the settings as defaults 1987, in
which the previous default settings, including previously configured default settings, if any, are
replaced with the newly configured settings. Process 1900 then terminates at END operation 1988, in

which the configure task settings Ul is closed, according to embodiments.
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Returning to query 1986, if an indication to store the configurations is not received, process 1900
proceeds NO to receive an indication to reset the settings query 1989, in which it is determined
whether a selection to reset the settings to the factory default settings is received 1989. If a selection
to reset the settings is received, process 1900 proceeds YES to reset the settings to the default values
1990. Process 1900 then continues to query 1986. If no indication to reset is received, process 1900
proceeds NO to query 1991 to determine whether an indication to cancel the configuration is received.
If an indication to cancel is received, process 1900 proceeds YES to exit the configure confirmation
view 1992, and process 1900 then terminates at END operation 1993. If no indication to cancel is
received at query 1991, process 1900 proceeds NO to receive another indication 1994, such as an
indication to move to another screen through the use of a button, control, or icon, according to an
embodiment. The system responds 1995 to the selection of the other indication 1994, as applicable,
e.g., moving to another screen in an embodiment selecting the next screen, for example, and process

1900 terminates at END operation 1993.

While FIGS. 19A, 19B, 19C, and 19D depict example steps for receiving, such as by the system, for
example, configuration settings, FIGS. 20A and 20B illustrate example operational steps 2000 for
modifying, from the perspective of a user or operator, device, program, etc., for example, a protocol
or task for use with the system, in accordance with embodiments of the present disclosure. Start
operation 2002 is initiated, and process 2000 proceeds to select a task or protocol 2004 for use with
the cell expansion system. The types of tasks or protocols are received 2006, including pre-defined
and/or custom task types, in accordance with embodiments disclosed herein. A task type is then
selected 2008, and the default settings for the selected task are received 2010. In an embodiment, the
default settings for the selected task are displayed in a setup confirmation view 2010, in which the
setup confirmation view comprises a table view in embodiments. A determination 2012 is made as to
whether to modify a process, or step, for the selected task or protocol. If it is not desired to modify a
setting for a process or step, process 2000 proceeds NO to query 2014 to determine if the selected task
or protocol should be executed. If it is desired to run the task or protocol, process 2000 proceeds YES
to select to execute the task 2016. In an embodiment, an indication to execute the task comprises
selecting a “Start” button or other Ul element indicating to run the task. The task or protocol is then
executed, and process 2000 terminates at END operation 2018. If it is not desired to execute the task,
another indication is selected 2020, such as an indicétion to cancel, for example, in which the current

view or window is closed, and a home screen appears, according to an embodiment. Process 2000

then terminates at END operation 2018.

Returning to query 2012, if it is desired to modify a setting(s) for a process, or step, process 2000
proceeds YES to select the step to modify 2022. In an embodiment, selecting the step to modify
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comprises selecting a “Modify” button or other type of GUI element designating modification
functionalities for a particular step in the setup view, in which the setup view, in embodiments,
comprises a table format. Process 2000 then proceeds to receive a diagram view or window with
those settings capable of being modified shown as enabled GUID elements in the diagram view or
window 2024. A selection of an enabled GUI element associated with the desired setting to modify is

made 2026, and process 2000 then proceeds through off-page reference A 2028 to query 2030 of FIG.
20B.

At query 2030 of FIG. 20B, it is determined if a data entry pad or window, a menu, list, or window,
for example, of selection options, or another input/selection capability is received. If a data entry pad
is received, process 2000 proceeds to operation 2034, in which a numeric value is entered. In an
embodiment, the numeric value entered is within setting options for the associated setting. In another
embodiment, the numeric value entered is not within the setting options for the associated setting, and
another numeric value or other input data is then provided. Next, process 2000 proceeds to query

2036 to determine if the settings can be confirmed as those that are desired.

Returning to query 2030, if a menu, list, or window, for example, of selection options is received,
process 2000 proceeds to select an option from the menu or window 2040. Next, process 2000
proceeds to query 2036 to determine if the settings can be confirmed as those that are desired. If, at
query 2030, another input/selection capability is received, including means to provide data or make a
selection through means other than a data entry pad/window or a menu/window of options, process
2000 proceeds to select an option or provide input 2044. Next, process 2000 proceeds to query 2036

to determine if the settings can be confirmed as those that are desired.

If the settings are not confirmed, process 2000 proceeds NO, in which another setting(s) is selected
for modification 2046, and process 2000 then continues to query 2030. If, at query 2036, the
modified settings are confirmed, process 2000 proceeds YES to receive an updated setup confirmation
view including the modified setting(s) 2048. In an embodiment, the updated setup confirmation view
comprises data for the settings in a table format. In the setup confirmation view, a selection may be
made to select another step(s) to modify 2050. If such a selection is made, process 2000 proceeds
YES through off-page reference B 2052 to operation 2022 of FIG. 20A. If it is not desired to modify
any other step(s), process 2000 proceeds to query 2054 to determine whether to select to execute the
task. If it is desired to execute the task 2054, the selection to run the protocol is made. The system
then performs the selected protocol, and process 2000 terminates at END operation 2056. If a
selection to execute the task is not made at query 2054, process 2000 proceeds NO to query 2058 to
select to reset the modified setting(s) to the factory default settings. If it is desired to reset the
setting(s), process 2000 proceeds YES to select to reset the settings to the default values 2060. If it is
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not desired to reset the settings, process 2000 proceeds NO to query 2062 to determine whether to
cancel the modifying of any setting(s). If it is desired to cancel and exit the current screen, process
2000 proceeds YES to terminate process 2000 at END operation 2064, in which the current screen is
closed, according to an embodiment. If it is not desired to cancel, process 2000 proceeds NO to enter
another indication 2066, in which entering another indication comprises, for example, selecting a
button, control, or icon to switch between the current page and another page. Other types of

indications may be made in accordance with other embodiments. Process 2000 then terminates at
END operation 2064.

While FIGS. 20A and 20B provide example steps for selecting to modify a setting of a task or
protocol, from a user or operator perspective, for example, FIG. 21 depicts example operational steps
2100 for creating a custom or user-defined task from the perspective of a user or operator, according
to embodiments of the present disclosure. Start operation 2101 is initiated, and process 2100 proceeds
to select a task 2102, in which a “task” button or other GUI element is selected, for example. Protocol
or task types are then received 2104, in which such task types include a pre-defined task type and a
custom task type, according to embodiments. A custom task is selected 2106, and a list of available
custom tasks, e.g., Custom Task 1, Custom Task 2, Custom Task 3, Custom Task 4, Custom Task 5,
etc., is received 2108. A specific custom task, e.g., Custom Task 1, is then selected 2110, and default
settings for the selected custom task are received 2112. In an embodiment, such default settings
include the factory default settings for the selected custom task. In another embodiment, the default

settings include settings previously configured and stored for the selected custom task.

Next, query 2114 determines whether it is desired to add a step(s) to the custom task. For example,
the following step(s) may be selected: Wash Out Lines, Wash Out Lines Through Membrane, Wash
Rapidly, Harvest Cells, Add Bolus, and Custom , according to embodiments. If a selection is made to
add a step(s), process 2100 proceeds YES to receive default settings for the selected additional step(s)
2122. Process 2100 then continues to query 2114. If no other steps are desired to be added, process
2100 proceeds NO to determine whether it is desired to select to configure a step(s) 2116. If it is
desired to configure a step(s), process 2100 proceeds YES to configure operation 2118, in which a
desired configuration is provided for the selected step(s). A selection is made to save the
configuration(s) 2119. The system stores the configuration, and process 2100 then terminates at END
operation 2120. Returning to query 2116, if it is not desired to configure a step(s), process 2100
proceeds NO to select to execute the task query 2124. I it is desired to execute the task, process 2100
proceeds to operation 2126, in which information regarding the performance of the task is received
after task execution. Process 2100 then terminates at END operation 2120. However, if it is not
desired to execute the task at query 2124, process 2100 proceeds to query 2128 to determine whether
to modify a setting(s) of the custom task. If it is desired to modify a setting(s), process 2100 proceeds
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YES to provide the desired modification 2130. Following modify operation 2130, process 2100
proceeds to confirm the modification(s) 2131. In embodiments, process 2100 then proceeds to query
2132 to determine if another action, such as to cancel, move to another screen through selection of a
button, control, or icon, for example, is selected. If no other action is selected, process 2100 proceeds
to query 2124 to determine whether to execute the task. Returning to query 2132, if another action is
selected, process 2100 proceeds YES, in which the system responds to the selected action, and
process 2100 then terminates at END operation 2120. Further, returning to query 2128, if it is not
desired to modify a setting, process 2100 proceeds NO to determine whether to select another action
2132. If no other action is selected, process 2100 proceeds to query 2124 to determine whether to
execute the task. On the other hand, if another action is selected at query 2132, process 2100

proceeds YES, in which the system responds to the selected action, and process 2100 then terminates

at END operation 2120.

While FIG. 21 provides for creating a custom task, from the perspective of a user or operator, for
example, FIGS. 22A, 22B, and 22C illustrate example operational steps 2200 for configuring a task,
from the perspective of a user or operator, for example, in accordance with embodiments of the
present disclosure. Start operation 2202 is initiated, and process 2200 then proceeds to select to
configure operation 2204, in which a selection of a “Configuration” GUI element, e.g., button, may be
made according to an embodiment. In response to the configuration selection, configuration options
are received 2206, in which such configuration options include system settings, display settings,
and/or protocol or task default settings, for example. A selection is then made to configure the default
settings for a task 2208, and the task type options are received 2210. A type of task is then selected
2212, and default settings for the selected task type are received 2214. In an embodiment, such
default settings are received in a configure confirmation view, in which the configure confirmation
view includes settings and data for the settings. According to an embodiment, the settings and
associated data in the configure confirmation view are displayed in a table format. Next, it is
determined whether the selected task is a custom or user-defined task at query 2216. If a custom task
selection is made at operation 2212, process 2200 proceeds YES to query 2218 to determine if a step
is desired to be added. If adding a step is desired, process 2200 proceeds YES to select a step to add
2220. Default settings for the added step are then received 2222. Process 2200 the continues through
off-page reference A 2224 to query 2226 of FIG. 22B. If it is not desired to add a step to the custom
task, process 2200 proceeds NO to off-page reference A 2224, and process 2200 then proceeds to
query 2226. Returning to query 2216, if a pre-defined task is selected instead of a custom task at
operation 2212, process 2200 proceeds NO through off-page reference A 2224 to query 2226.

Next, at query 2226, it is determined whether to configure a setting(s) of a step. If it is desired to
configure a setting(s) of a step, process 2200 proceeds YES to select a step to configure 2238. The

75



10

15

20

25

30

35

WO 2012/048276 PCT/US2011/055453

settings associated with the selected step are then received 2240. In an embodiment, the setting(s)
associated with a step(s) are received in a diagram view of the cell expansion system. A selection to
configure a first setting is made 2242. Depending on the type of setting selected to be configured, a
data entry pad or window; menu, list, or window, for example, of selection options; or other
input/selection capability is received 2244. In an embodiment, selection options in a menu, list, or
window, for example, are predetermined or pre-defined. Where a data entry pad or window is
received 2246, process 2200 proceeds to enter a numeric value 2248. In an embodiment, the entered
numeric value is within the setting options. In another embodiment, the entered numeric value is not
within the setting options, e.g., range of acceptable values, and another numeric value is entered 2248.
In yet another embodiment, it is optional to determine whether the entered numeric value is within the
setting options. Process 2200 then proceeds through off-page reference B 2250 to query 2258 of FIG.
22C. Returning to query 2244, where a menu, list, or window of selection options is received, process
2200 proceeds to select an option from the selection choices 2252. Process 2200 then proceeds
through off-page reference B 2250 to query 2258 of FIG. 22C. In another embodiment, if another
input or selection capability is received, process 2200 proceeds to select the option or provide input

2256, and process 2200 then proceeds through off-page reference B 2250 to query 2258 of FIG. 22C.

Turning to FIG. 22C, a selection may be made to confirm the configured setting(s) 2258. If no
confirmation is made, process 2200 proceeds NO to select to configure other setting(s) 2260. Process
2200 then proceeds through off-page reference C 2262 to operation 2242 of FIG. 22B. If the settings
are confirmed at query 2258, process 2200 proceeds YES to receive an updated setup confirmation
view 2264. In an embodiment, the updated setup confirmation view 2264 includes the step(s) or
process(es) and setting(s) associated with the protocol or task in a table format. Within the setup
confirmation screen 2264, if a selection is made to configure another step(s) 2266, process 2200 then
proceeds YES through off-page reference D 2268 to operation 2238 of FIG. 22B. If no other steps are
selected to configure, process 2200 proceeds NO to query 2270, in which it is determined whether to
select to save the configuration(s). If it is indicated to save the configuration(s), process 2200
proceeds YES to END operation 2272, and process 2200 terminates. In an embodiment, process 2200
terminates by storing, by the system, the configuration(s) made, and closing the current screen. If a
selection to save is not made at query 2270, process 2200 proceeds NO to query 2274 to determine
whether to select to reset a configured setting(s) to the factory default setting(s). If a selection is made
to reset the setting(s), process 2200 proceeds YES to receive reset settings 2276. Process 2200 then
proceeds to query 2270 to determine whether to save the setting(s). If, at query 2274, a selection is
not made to reset the settings, process 2200 proceeds NO to query 2278 to determine if a selection is
made to cancel the configuration. If a selection is made to cancel, process 2200 proceeds YES to
END operation 2280, in which process 2200 is terminated, such as by closing the current screen,

according to an embodiment. If a selection is not made to cancel at query 2278, process 2200
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proceeds NO to enter another indication 2282, such as selecting a button, control, or icon to move to
another page, for example. In embodiments, the system responds to the selected action, and process

2200 then terminates at END operation 2280.

With respect to the processes illustrated in FIGS. 14A, 14B, 14C, 14D, 15A, 15B, 16, 17, 18A, 18B,
18C, 18D, 19A, 19B, 19C, 19D, 204, 20B, 21, 22A, 22B, and 22C, the operational steps depicted are
offered for purposes of illustration and may be rearranged, combined into other steps, used in parallel
with other steps, etc., according to embodiments of the present disclosure. Where queries are depicted
as operational steps, such queries may be determined by event-based interactions, polling, and/or
other means or processes, according to embodiments. Further, fewer or additional steps may be used

in embodiments without departing from the spirit and scope of the present disclosure.

Turning to FIG. 23, an example data structure 2300 having attributes, fields, and/or portions storing
data is provided in accordance with embodiments disclosed herein. The data structure may be part of
any storage system. The data structure includes a task or protocol, and, in embodiments, the task or
protocol data further comprises identifying data 2302. One or more tasks or protocols may be
included, as shown by ellipsis 2320 and additional task identifying data 2322. Embodiments further
provide for each protocol or task to have a step or process associated with the protocol or task, in
which embodiments provide for the step or process to further comprise identifying data 2304.
Further, each protocol or task 2302 and/or 2322, for example, may have one or more additional steps
or processes associated therewith, as shown by step identifying data 2314, ellipsis 2316, and

additional step 2318 for protocol or task 2302, and step identifying data 2323, 2324, and ellipsis 2326
for protocol or task 2322.

In embodiments, each process or step may comprise data including default settings 2305, 2306, 2307,
2309, 2311, 2313, and 2315. In an embodiment, the default settings 2306 comprise data associated
with particular settings, including, for example, the IC Inlet, IC Inlet Rate, etc. In an embodiment,
default settings 2306 comprise the factory default settings stored by the system. In another
embodiment, the default settings comprise previously configured and saved settings, in which such
previously configured settings replaced the factory default settings as the new default settings. In yet
another embodiment, even where the default settings are configured, the factory default settings are
also saved with data 2306, or, in another embodiment, as other data in data structure 2300, as an
embodiment provides for resetting configured settings to the factory default settings. Where such

resetting of the settings is desired, data for the factory default settings are retrieved.

In embodiments, data structure 2300 further comprises data for setting options 2308, 2327, 2329,
2331, 2333, 2335, and 2337, in which the setting options comprise ranges, for example, of possible
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data that may be provided for one or more settings. For example, embodiments involving a custom or
user-defined task include setting options for the IC Inlet Rate of: 0 to 500 mL/min. Other data,
including additional or fewer data, associated with data structure 2300 may be included as shown by
ellipses 2310, 2339, and 2343 and Other data 2312, 2341, and 2345, according to embodiments. For
example, other data associated with a protocol or task may include, according to an embodiment, data

indicating the type of GUI element used to represent a setting in a diagram view or window of the cell

expansion system, for example.

The data types depicted in the example data structure 2300 of FIG. 23 are offered for purposes of
illustration. The order of the data types may be rearranged, according to embodiments. Further,
fewer or additional data attributes, fields, and/or portions may be used in embodiments without
departing from the spirit and scope of the present disclosure. Further, numerous types of names
referring to the data attributes, fields, and/or portions may be used without departing from the spirit

and scope of the present disclosure.

Finally, FIG. 24 illustrates example components of a cell expansion system 702 upon which
embodiments of the present disclosure may be implemented. The cell expansion system 702 may
include a user interface 2410, a processing system 2402, and/or storage 2408. The user interface 2410
may include output device(s) 2412, and/or input device(s) 2414 as understood by a person of skill in
the art. Output device(s) 2412 may include one or more touch screens, in which the touch screen may
comprise a display area for providing one or more application windows. The touch screen may also
be an input device 2414 that can receive and/or capture physical touch events from a user or operator,
for example. The touch screen may comprise a liquid crystal display (LCD) having a capacitance
structure that allows the processing system 2402 to deduce the location(s) of touch event(s), as
understood by those of skill in the art. The processing system 2402 may then map the location of
touch events to Ul elements rendered in predetermined locations of an application window. The
touch screen may also receive touch events through one or more other electronic structures, according
to embodiments. Other output devices 2412 may include a printer, speaker, etc. Other input devices
2414 may include a keyboard, other touch input devices, mouse, voice input device, etc., as

understood by a person of skill in the art.

Processing system 2402 may include a processing unit 2404 and/or a memory 2406, according to
embodiments of the present disclosure. The processing unit 2404 may be a general purpose processor
operable to execute instructions stored in memory 2406. Processing unit 2404 may include a single A
processor or multiple processors, according to embodiments. Further, in embodiments, each
processor may be a multi-core processor having one or more cores to read and execute separate

instructions. The processors may include general purpose processors, application specific integrated
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circuits (ASICs), field programmable gate arrays (FPGAS), other integrated circuits, etc., as
understood by a person of skill in the art.

The memory 2406 may include any short-term or long-term storage for data and/or processor
executable instructions, according to embodiments. The memory 2406 may include, for example,
Random Access Memory (RAM), Read-Only Memory (ROM), or Electrically Erasable
Programmable Read-Only Memory (EEPROM), as understood by a person of skill in the art. Other
storage media may include, for example, CD-ROM, tape, digital versatile disks (DVD) or other

optical storage, tape, magnetic disk storage, magnetic tape, other magnetic storage devices, etc., as

understood by a person of skill in the art.

Storage 2408 may be any long-term data storage device or component. Storage 2408 may include one
or more of the systems described in conjunction with the memory 2406, according to embodiments.
The storage 2408 may be permanent or removable, In embodiments, storage 2408 stores data

generated or provided by the processing system 2402.

It will be apparent to those skilled in the art that various modifications can be made to the apparatus,
systems, and methods described herein. Thus, it should be understood that the embodiments are not
limited to the subject matter discussed in the Specification. Rather, the present disclosure is intended
to cover modifications, variations, and/or equivalents. The acts, features, structures, and/or media are

disclosed as illustrative embodiments for implementation of the claims. The invention is defined by

the appended claims.
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What is claimed is:

1. A processor-implemented method for customizing a task for use with a cell expansion system,

the method comprising:
providing a cell expansion system;
providing a bioreactor in the cell expansion system;
providing a user interface for customizing a first custom task;

receiving, through the user interface, a first selection of the first custom task, wherein the first

custom task comprises a first step;
providing a first setting for the first step in a table view;
receiving a second selection to add a second step to the first custom task;
providing a second setting for the second step in the table view;
receiving a third selection to configure the first step of the first custom task;
determining the first sefting is configurable; and
providing a diagram view of the cell expansion system, comprising:
associating the diagram view with the first step;
providing the first setting as a first graphical user interface element; and

in response to determining the first setting is configurable, enabling the first graphical

user interface element for selection.

2. The processor-implemented method as defined in claim 1, wherein the receiving a second

selection to add a second step comprises:

receiving a type of step to add, wherein the type of step comprises one or more from the
group consisting of: wash out lines, wash out lines through membrane, wash rapidly, harvest cells,

add bolus, and custom.
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3. The processor-implemented method as defined in claim 1, wherein receiving a first selection

of a first custom task comprises:
receiving a touch event on a display area of the user interface of the cell expansion system;
determining a location of the touch event;
mapping the location of the touch event to the first graphical user interface element; and

determining the first graphical user interface element is associated with the first setting.

4. The processor-implemented method as defined in claim 3, wherein the touch event is received

on a touch screen.

5. The processor-implemented method as defined in claim 1, wherein displaying the diagram

view of the cell expansion system further comprises:
depicting an intracapillary side of the bioreactor; and

depicting an extracapillary side of the bioreactor.

6. The processor-implemented method as defined in claim 1, further comprising:
determining whether the first setting is associated with a numeric value; and

if the first setting is associated with the numeric value, providing a data entry pad in the

diagram view to receive the numeric value.

7. The processor-implemented method as defined in claim 6, further comprising:

if the first setting is not associated with the numeric value, determining if the first setting is

associated with a menu of selection options; and

if the first setting is associated with the menu of selection options, providing the menu of

selection options in the diagram view.
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8. The processor-implemented method as defined in claim 6, further comprising:
receiving data for configuring the first setting;
storing the data received for configuring the first setting;
receiving an indication to execute the first custom task; and

executing the first custom task with the data received for configuring the first setting.

9. The processor-implemented method as defined in claim 1, wherein the first setting comprises
one or more from the group consisting of: intracapillary inlet, intracapillary inlet rate, intracapillary

circulation rate, extracapillary inlet, extracapillary inlet rate, extracapillary circulation rate, rocker,

and stop condition.

10. The processor-implemented method as defined in claim 1, wherein the enabling of the first

graphical user interface element for selection comprises:
associating a first visual indicia with the first graphical user interface element; and

in response to determining the first setting is configurable, associating a second visual indicia

with the first graphical user interface element.

11. A cell expansion system, comprising:
a cell expansion system, including a bioreactor;
a processor coupled to the cell expansion system;
a display device, in communication with the processor, operable to display data; and

amemory, in communication with and readable by the processor, and containing a series of

instructions that, when executed by the processor, cause the processor to:
receive a first selection of a task;

provide a task type, wherein the task type comprises one or more from the group

consisting of: a pre-determined task type and a user-defined type;
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receive a second selection of a first user-defined task, wherein the first user-defined

task comprises a first process;
provide one or more settings for the first process in a table view;

provide first data associated with at least a first setting of the one or more settings for

the first process;
receive an indication to add a second process to the first user-defined task;
add the second process to the first user-defined task;
receive an indication to modify the first process;

display a diagram view associated with the first process, wherein the displaying

comprises:
associate the diagram view with the first process;
provide the first setting as a first graphical user interface element; and

in response to determining the first setting may be modified, enabling the first

graphical user interface element for selection;
receive second data associated with the first setting;
receive an indication to execute the first user-defined task; and
execute the first user-defined task, comprising:

execute the first user-defined task using the received second data associated

with the first setting.

12. The cell expansion system as defined in claim 11, further comprising:

after executing the first user-defined task, receive a second indication to execute the first user-

defined task; and

execute the first user-defined task using the first data associated with the at least a first

setting.

13. The cell expansion system as defined in claim 11, further comprising:
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in response to receiving the indication to add the second process, retrieve a type of process to

add;
provide a selection window of the type of process to add; and
receive a third selection of the type of process to add.
14, The cell expansion system as defined in claim 13, wherein the type of process to add

comprises one or more from the group consisting of: wash out lines, wash out lines through

membrane, wash rapidly, harvest cells, add bolus, and custom.

15. The cell expansion system as defined in claim 13, further comprising:
receive a fourth selection to configure the first user-defined task;
display a diagram view comprising the first and second processes;
receive a fifth selection to configure the second process;
configure the second process; and

store the configuration of the first user-defined task.

16. The cell expansion system as defined in claim 11, further comprising:

after adding the second process to the first user-defined task, receive an indication to omit the

second process from the first user-defined task; and

omit the second process from the first user-defined task.

17. The cell expansion system as defined in claim 11, wherein displaying the diagram view

comprises:
depict an intracapillary side of the bioreactor of the cell expansion system; and

depict an extracapillary side of the bioreactor.
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18. A non-transitory processor-readable storage medium storing executable instructions which
when executed by a processor perform a method of customizing a task for use with a cell expansion

system, the method comprising:

receiving an indication to create a first custom task for use with the cell expansion system,

wherein the cell expansion system comprises a bioreactor;

receiving a first selection of the first custom task, wherein the first custom task comprises a

first process;
providing a setting associated with the first process;
receiving a second selection to add a second process to the first custom task;
in response to receiving the second selection, retrieving a type of process to add;

providing a selection window comprising the types of processes to add, wherein the types of
processes to add comprise one or more from the group consisting of: wash out lines, wash out lines

through membrane, wash rapidly, harvest cells, add bolus, and custom;
receiving a third selection of the type of process to add;
adding the selected type of process as the second process to the first custom task;
receiving data associated with a first setting of the first process; and

executing the first custom task with the data received for the first setting of the first process.

19. The processor-readable storage medium as defined in claim 18, further comprising:
receiving an indication to configure the first custom task;
receiving a numeric value for configuring a second setting of the first process; and

storing the numeric value in association with the first custom task.

20. The processor-readable storage medium as defined in claim 19, further comprising:

based on the numeric value received for the second setting, determining to calculate a second

numeric value for a third setting of the first process;

automatically calculating the second numeric value;

85
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providing the second numeric value for the third setting of the first process; and

storing the second numeric value in association with the first custom task.
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