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LYOPHILIZATION LOADING TRAY ASSEMBLY AND SYSTEM

[0001] This application claims priority to U.S. Provisional Patent Application No. 62/818.214,
entitled “Multi-part Lyophilization Container and Method of Use,” filed in the U.S. Patent and Trademark
Office on March 14, 2019, U.S. Provisional Patent Application No. 62/952,752, entitled “Lyophilization
Loading Tray Assembly and System,” filed in the U.S. Patent and Trademark Office on December 23, 2019
and Provisional Patent Application No. 62/971,072, entitled “Lyophilization Container Fill Fixture, System
and Method of Use,” filed in the U.S. Patent and Trademark Office on February 6, 2020, each of which is

incorporated by reference herein in its entirety.

[0002] The invention was made with government support under contract number H92222-16-C-0081

awarded by the United States Department of Defense. The government has certain rights in the invention.

Background

[0003] The present application describes a loading tray assembly and related system for loading a
lyophilization container into a lyophilizer and lyophilizing a fluid. The loading tray assembly is configured
to house a flexible, multi-part lyophilization container. The devices and systems described herein are
principally designed for the lyophilization of biological fluids, such as human and animal blood and related

blood products, such as blood plasma.

[0004] Lyophilized blood plasma has been utilized for many decades. Various benefits associated
with lyophilized plasma are well known and include logistical and storage advantages, as well as the ability
to obtain large quantities of commercially viable product simply, safely, and rapidly. A flexible, multi-part
container including a breathable membrane for use in the lyophilization of plasma is known in the art. In
operation, a number of variables may impact the performance of such a container. In one aspect, an optimal
contact between the container and a lyophilizer shelf may not be achieved or maintained throughout the
lyophilization process, resulting in less-than-optimal container performance and a diminished yield of
viable product. In another aspect, operator error may affect container performance. For instance, an
operator may fail to create an occlusion in the container for isolating the lyopholizate after sublimation and
desorption, resulting in a fouling of the breathable membrane or an ingress of contaminants into the
container. For these and other reasons, there remains a need to develop techniques and devices capable of
optimizing lyophilization container performance and of reducing the potential for operator error throughout

the lyophilization process.
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[0005] Although specific embodiments of the present application are provided in view of these and
other considerations, the specific problems discussed herein should not be interpreted as limiting the

applicability of the embodiments of this disclosure in any way.

Summary

[0006] This summary is provided to introduce aspects of some embodiments of the present
application in a simplified form and is not intended to comprise an exhaustive list of all critical or essential

elements of the claimed invention, nor is it intended to limit the scope of the claims.

[0007] Embodiments provide for a loading tray assembly for housing a lyophilization container. The
loading tray assembly comprises a chassis including a contact void configured to facilitate direct contact

between the attached container and a lyophilizer shelf, a temporary clamp and a shelf spacer.

[0008] In another aspect, a system is provided including a multi-part lyophilization container, a
loading tray assembly and a lyophilizer. The lyophilization loading tray assembly includes a chassis
including contact void configured to facilitate direct contact between the attached multi-part lyophilization

container and a lyophilizer shelf.

[0009] In yet another aspect, a method is provided including the steps of securing, on a lyophilization
loading tray assembly, a multi-part lyophilization container including a peelable seal, inputting a liquid into
a non-breathable section of the lyophilization container, freezing the liquid, applying heat energy and a
vacuum, the vacuum causing an opening of the peelable seal of the lyophilization container and allowing
vapor transfer between a non-breathable section of the container and a breathable section of the container

and occluding the multi-part lyophilization container to isolate the frozen liquid.

[0010] Further embodiments of the present application include additional methods and devices and

systems for lyophilizing fluids. The fluid may be any suitable liquid, including human or animal plasma.

Brief Description of the Drawings

[0011] Non-limiting and non-exhaustive embodiments are described with reference to the following

figures.

[0012] FIG. 1 is an illustration of a flexible multi-part lyophilization container according to the related
art;
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[0013] FIG. 2 is an illustration of a lyophilizer according to the related art;

[0014] FIGS. 3A and 3B are alternative plan views of a loading tray assembly according to an

embodiment of the present application;

[0015] FIGS. 4A and 4B are alternative views of a loading tray assembly according to an embodiment

of the present application;

[0016] FIG. 5 is a partial exploded view of a loading tray assembly according to an embodiment of

the present application;

[0017] FIG. 6 is a perspective view of a loading tray assembly housing a lyophilization container

according to an embodiment of the present application;

[0018] FIG. 7 is a front view of a temporary clamp according to an embodiment of the present
application;

[0019] FIG. 8 is a side section view of a temporary clamp according to an embodiment of the present
application;

[0020] FIG. 9 is an illustration of a lyophilization system according to an embodiment of the present
application;

[0021] FIG. 10 is a workflow schematic according to an embodiment of the present application; and
[0022] FIG. 11 is workflow schematic according to another embodiment of the present application.

Detailed Description

[0023] The principles described in the present application may be further understood by reference to
the following detailed description and the embodiments depicted in the accompanying drawings. Although
specific features are shown and described below with respect to particular embodiments, the present
application is not limited to the specific features or embodiments provided. Moreover, embodiments below
may be described with respect to lyophilizing and storing human or animal blood or blood components;
however, such descriptions are merely illustrative. Those of skill in the art will appreciate that embodiments

of this disclosure may be used in connection with the lyophilization of any suitable liquid.
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[0024] Embodiments of the present application refer to a specialized tray assembly for loading a
lyophilization container into a lyophilizer and for facilitating an evolution of the container throughout a
lyophilization process. The tray assembly includes a temporary clamp designed to create a temporary
occlusion in the lyophilization container after sublimation and desorption in order to prohibit contamination

of the lyopholizate.

[0025] Embodiments described in this application may be implemented in conjunction with many
conventional, commercially available lyophilizers, such as the Magnum® Pilot lyophilizer by Millrock
Technology. Accordingly, the devices and techniques described in this application may be more accessible
and more widely distributed than those presently in existence. Further advantages of the various

enumerated embodiments are noted throughout this disclosure.

[0026] FIG. 1 is an illustration of a flexible multi-part lyophilization container according to the related
art.

[0027] Referring to FIG. 1, the lyophilization container 100 includes a non-breathable section 102;
including a port region 104; a breathable section 106, including a breathable membrane 108; and an

occlusion zone 110.

[0028] In operation, lyophilization container 100 exchanges fluids via ports positioned in the port
region 104 of non-breathable section 102. Fluid exchanges occur during initial filling of the container with
liquid plasma and during the post-lyophilization filling of the container with sterile water for reconstitution
and transfusion into a patient. Non-breathable section 102 and breathable section 106 are isolated from one
another by a creation of an occlusion of the container in the occlusion zone 110 encompassing the transition
between the non-breathable section 102 and breathable section 106. In this respect, the position of the
occlusion within the occlusion zone 110 defines the boundary between non-breathable section 102 and

breathable section 106.

[0029] The lyophilization container 100 is configured to continually evolve throughout the
lyophilization process. The devices and techniques of the present application are designed to facilitate the
evolution and optimal performance of the lyophilization container 100. Accordingly, the container may
further include a variety of conventional positioning and securing means for cooperating with
complimentary features of a loading tray assembly. To cooperate with the loading tray assembly variously
shown and described throughout this application, the container 100 will have a hanger hole and positioning

holes (not shown) designed, respectively, to compliment hanger tabs and positioning tabs described below.
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[0030] FIG. 2 is an illustration of a generic lyophilizer according to the related art.

[0031] Referring to FIG. 2, the lyophilizer 200 comprises timing and temperature controls 202; and a
hydraulic shelf system 204.

[0032] The lyophilizer shown in FIG. 2 is an example of a conventional lyophilizer suitable for use
in conjunction with embodiments of the present application. Typical components of suitable conventional
lyophilizers include timing and temperature controls, a refrigeration system, a vacuum system, a condenser

and a chamber including a hydraulic shelf system capable of lyophilization and stoppering.

[0033] FIG. 3A and FIG. 3B are alternative plan views of a loading tray assembly according to an

embodiment of the present application.

[0034] Referring to FIG. 3A, the loading tray assembly 300 comprises tray chassis 302; hanger tabs
304; clamp seats 306; contact voids 308; shelf spacers 310, including clamp indentations 312; positioning
tabs 314; and a handle 316. FIG. FIG. 3B illustrates an embodiment of the loading tray assembly of FIG.
3A including a temporary clamp. Referring to FIG. 3B, the loading tray assembly 300 comprises tray
chassis 302; hanger tabs 304; contact voids 308; shelf spacers 310, including clamp indentations 312;
positioning tabs 314; a handle 316; and two-piece temporary clamps 318.

[0035] The loading tray assembly 300 shown in FIGS. 3A and 3B is essentially rectangular in shape
and is configured to secure two flexible, multi-part lyophilization containers. Tray chassis 302 provides
the essential structural support of the loading tray assembly 300. Hanger tabs 304 are rectangular
protrusions extending upward from tray assembly 300 and are configured to engage a complimentary
hanger hole of a lyophilization container. Clamp seats 306 are cut-out or void regions of tray chassis 302
configured to allow a bottom portion of temporary clamp 318 to seat therein. Contact voids 308 are also
cut-out or void regions of tray chassis 302 and are configured to allow direct contact between a secured
lyophilization container and a lyophilizer shelf. Shelf spacers 310 are affixed to the lateral sides of the
chassis 302 of the loading tray assembly 300 and support both an effective clamp closure and an even,
parallel collapse of Iyophilizer shelves. Shelf spacers 310 include clamp indentations 312 adjacent to clamp
seats 306 to accommodate seated clamps 318. Positioning tabs 314 cooperate with hanger tabs 304.
Positioning tabs 314 are rectangular protrusions extending upward and are configured to engage positioning
holes of a lyophilization container. Handle 316 is a cut-out or void region configured to accommodate the
hand of an operator for handling of the loading tray assembly. Temporary clamp 318 is a two-piece clamp

configured to create an occlusion in a lyophilization container during lyophilization.
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[0036] In FIGS. 3A and 3B, the dimensions (i.c., length and width) of the tray assembly 300 are
respectively denoted as “L” and “W”. In a preferred embodiment, assembly length is approximately 60 cm
and assembly width is approximately 30 cm. However, in alternative embodiments, tray assembly
dimensions may vary. For instance, assembly length may be between 45 cm and 75 cm, such as between
55 and 65 cm, whereas tray assembly width may be between 20 cm and 40 cm, such as between 25 and 35

cm.

[0037] In embodiments, tray assembly 300 design is not limited; tray assembly 300 and its individual
features may be adapted for a particular application. For instance, contact voids 308 may be enlarged for
the purpose of reducing the thermal mass of the chassis 302, and accordingly, minimizing the impact of the
chassis 302 on heat transfer from the lyophilizer shelf to the product. In further embodiments, handle 316
may be enlarged to accommodate a gloved hand, or may include additional features (e.g., finger grooves)
designed for improved handling. In yet further embodiments, tray assembly 300 may vary in shape and
may be configured to house any number of lyophilization containers. For instance, tray assembly 300 may
be configured to house lyophilization containers having a variety of dimensions and may house such

containers in a front-to back configuration as opposed to a side-by-side configuration.

[0038] As shown in FIGS. 3A and 3B, feature groupings for each of the respective containers to be
attached (i.e., hanger tabs 304, clamp seats 306, contact voids 308, clamp indentation portions 312 and
positioning tabs 314) are offset from one another. The inclusion of offset feature groupings allows multiple
lyophilization containers to be secured in the tray assembly absent any interference among the respective
clamps 318. Accordingly, this configuration also supports maximum lyophilization container width,

thereby improving overall system efficiency.

[0039] FIGS. 4A and 4B are, respectively, a front view and a side view of a loading tray assembly

according to an embodiment of the present application.

[0040] Referring to FIG. 4A, tray assembly 400 includes a tray chassis 402; shelf spacers 404 and
two-part clamp 406. FIG. 4B is a side view of loading tray assembly 400 showing a shelf spacer 404.

[0041] The height of the shelf spacer 404, denoted as “H,” is approximately 3.5 cm. As shown, the
height of the shelf spacer 404 defines the overall height of the tray assembly 400 when the clamp 406 is in
an actuated or closed state. In operation, the height of the shelf spacer 404 also defines the minimum
distance between lyophilizer shelves during shelf collapse. Accordingly, to achieve an optimal clamp

closure, the height of the shelf spacer 404 must be coincident to the height of the actuated clamp 406. In
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various embodiments, the height of shelf spacer 404 may be between 2.5cm and 4.5¢m, such as between

3.0cm and 4.0cm.

[0042] Shelf spacers 404 serve multiple functions. One function of shelf spacers 404 is to control the
distance between lyophilizer shelves in a collapsed state. If shelf spacer 404 height is too large, a full
occlusion of an attached lyophilization container may not be achieved. In contrast, if shelf spacer 404
height is too short, the two-part clamp 406 may be crushed by the collapsing lyophilizer shelves. Another
function of shelf spacers 404 is to eliminate shelf tilt and binding which can occur during shelf collapse.
That is, lyophilizer shelves are essentially horizontal plates disposed parallel to one another in a stacked
configuration. Under pressure from a hydraulic ram or other actuation means, the lyophilizer shelves
collapse vertically, stacking on top of one another. If not maintained substantially parallel to one another
during collapse, the shelves may tilt and jam or bind. To address this problem, shelf spacers 404 provide a
hard stop along a considerable length of the shelf to ensure that the shelves are maintained substantially
parallel to one another throughout operation. In various embodiments, the position of shelf spacers is not
limited. For example, embodiments may incorporate shelf spacers on alternative sides of the tray assembly
400. In yet further embodiments, shelf spacers 404 may be positioned only on tray assembly 400 corners

or positioned around the perimeter of tray assembly 400.

[0043] As shown in FIG. 4A, the bottom surface of the tray chassis 402 is not coincident to the bottom
surface of shelf spacers 404. That is, bottom surface of tray chassis 402 is offset from the bottom surface
of shelf spacers 404 in order to maintain a space between tray chassis 402 and a lyophilizer shelf during
lyophilization. In embodiments, the bottom surface of tray chassis 402 is offset from a bottom surface of
shelf spacers by a distance of between 0.02mm and 5.0mm, such as by Imm. Maintaining this space
climinates conductive energy transfer between the tray chassis 402 and the lyophilizer shelf, thereby
reducing overall thermal transfer to the tray assembly 400 during lyophilization. Reducing thermal transfer
to the tray assembly 400 allows for more rapid freezing and heating and allows for more precise control of

the lyophilization process.

[0044] FIG. 5 is a partially exploded view of a loading tray assembly according to an embodiment of

the present application.

[0045] Referring to FIG. 5, the loading tray assembly 500 includes tray chassis 502; hanger tabs 504;
clamp seats 506; contact voids 508; shelf spacers 510, including clamp indentation portions 512; positioning

tabs 514; a handle 516; and a two-piece temporary clamp 518.
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[0046] During initial set up, clamp 518 is configured to have an open bias. That is, top jaw of clamp
518 is manually rested on the bottom jaw of clamp 518 by an operator, forming a void space therebetween.
In operation, actuation of the clamp 518 occurs as collapsing lyophilizer shelves force the top and bottom
clamp jaws into engagement with one another. As noted above, the shelf spacers 510 assist in the actuation
of the clamp 518 by providing a stopping mechanism at a height which allows for the actuation of the clamp
518, yet which prevents shelf tilt and binding, and which obviates the potential for crushing of the clamp

518 and container during shelf collapse.

[0047] The embodiment of the clamp shown in FIG. 5 is configured to be manually set-up, to be
mechanically actuated by collapsing lyophilizer shelves, and to be manually released after a permanent
seam is created in the lyophilization container. Alternative embodiments are not limited and may utilize
another clamp or clamping scheme. For instance, any of clamp set-up, clamp actuation or clamp release
may be performed using alternative mechanical or electro-mechanical means. For example, top and bottom
clamp jaws may be connected by a conventional hinge or connected by any other suitable means. In further
embodiments, a means for clamp set-up or for clamp release may be integrated into a lyophilizer shelf

system.

[0048] In the configuration shown in FIG. 5, shelf spacers 510 are attached to the tray chassis 502
using conventional screws. However, in alternative embodiments, assembly 500 may be formed as a single
component including shelf spacers 510 or may integrate shelf spacers 510 using any other conventional
fasteners, such as adhesives or bolts. A preferred material choice for tray chassis 502 is aluminum;
however, alternative metals, metal alloys and plastics capable of providing similar structural rigidity may
be used. In the embodiment shown, shelf spacers 510 are injection molded and cored using conventional
techniques to minimize mass. Shelf spacers comprise a blend of Polycarbonate (PC) and Acrylonitrile
Butadiene Styrene (ABS). A principal advantage of the PC/ABS blend is its ability to be loaded, without
scratching, on to a lyophilizer shelf that includes a surface treatment or coating. The use of plastic in shelf
spacers also improves heat transfer between the lyophilizer shelf and the product during sublimation and
desorption by minimizing heat losses to the loading tray assembly. In further embodiments, material
choices are not limited and may include any material having desirable characteristics and which is capable

of functioning in a lyophilizer.

[0049] FIG. 6 is a perspective view of a loading tray assembly housing a lyophilization container

according to an embodiment of the present application.
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[0050] Referring to FIG. 6, the loading tray assembly 600 includes tray chassis 602; hanger tabs 604;
clamp seats 606; contact voids 608; shelf spacers 610, including clamp indentation portions 612; positioning

tabs 614; a handle 616; and a two-piece temporary clamp 618.

[0051] In FIG. 6, a flexible, multi-part lyophilization container as depicted in FIG. 1 is disposed
between the top and bottom jaws of clamp 618. As shown, clamp 618 is in a closed or actuated state
creating an occlusion between a breathable section and a non-breathable section of the lyophilization
container. The lyophilization container is secured to the loading tray assembly 600 using hanger tabs 604

and positioning tabs 614.

[0052] The respective engagement of hanger tabs 604 and positioning tabs 614 with a hanger hole
and positioning holes of lyophilization container cause the lyophilization container to be accurately and
securely positioned within tray chassis 602. Accurate and secure positioning results in optimized container
performance. In one aspect, accurate positioning of the lyophilization container within the tray assembly
ensures that an occlusion is created in a region of the container designed for the occlusion (e.g., a peel seal
region or an occlusion zone). In another aspect, secure positioning of the container via the respective
engagement between the hanger tab 602 and positioning tabs 614 of the tray assembly with complimentary
hanger hole and positioning holes of the lyophilization container enables optimal longitudinal container
tension to be obtained. Optimizing container tension is a factor in optimizing the surface area of the contact
patch between the lyophilization container and a lyophilizer shelf via contact void 608. An optimized
surface arca of the contact patch results in improved heat transfer during freezing, primary drying and
secondary drying. In contrast, a lower-than-optimal longitudinal container tension may cause the
lyophilization container to sag, resulting in an incorrect longitudinal position and the potential creation of
an occlusion in an unsuitable region of the container. A higher-than-optimal longitudinal container tension
may result in a contact patch having an inadequate surface area, resulting in poor conductive heat transfer.
Accordingly, an accurate and secure container attachment contributes to ensuring that an occlusion occurs
in the correct region of the lyophilization container and that a correct amount of contact occurs between the

lyophilization container and the lyophilizer shelf.

[0053] In further embodiments, tray assembly 600 features may vary without departing from the
teachings of this application. For instance, the size and shape of contact voids 606 may vary to some degree
to suit a particular container configuration. Likewise, hanger tab 602 or positioning tabs 614 may be
differently positioned, may comprise a different shape or may include additional features to assist in the

engagement between the lyophilization container and the tray assembly 600.
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[0054] There are several advantages to utilizing the described loading tray assembly 600 in a
lyophilization process. In one aspect, utilizing the tray assembly 600 results in an optimized and consistent
loading of lyophilization containers. A consistent and optimal loading of containers is important in
achieving consistent results in batch processes. In another aspect, the automation of clamping is
advantageous. The automation of clamping reduces operator error which, in turn, promotes optimal bag
performance, reduces the potential for membrane fouling and reduces the potential for an ingress of

contamination into the container.

[0055] FIG. 7 is a front view of a temporary, two-piece clamp according to an embodiment of the

present application.

[0056] Referring to FIG. 7, the temporary clamp 700 includes a top jaw 702 with clasp members 704;
and bottom jaw 706 with clasp members 708.

[0057] Temporary clamp may be described as a two-piece guillotine clamp or a parallel clamp. Each
of top jaw 702 and bottom jaw 706 respectively includes vertically oriented, slide release buckle clasp
members 704,708 configured to engage one another. When in its initial position, the bottom jaw is seated
within the clamp seat of the tray assembly and top jaw 702 is rested on bottom jaw 706. When in its
actuated position, top jaw 702 and bottom jaw 706 buckle clasp members 704,708 are engaged with one
another. Top and bottom jaws 702,706 are accordingly disposed substantially parallel to one another and

parallel to the tray assembly in both the open position and the closed position.

[0058] Preferably, temporary clamp is injection molded using Acrylonitrile Butadiene Styrene
(ABS). However, in alternative embodiments, alternative manufacturing methods and plastics exhibiting

similar characteristics may be desirable.

[0059] An exemplary clamping workflow is as follows: First, the lyophilization loading tray assembly
is partially assembled. In this step, the bottom jaw of two-part clamp is seated in the clamp seat of the
lyophilization tray assembly. Next, a lyophilization container including a peelable seal is loaded on to the
tray assembly. In this step, the lyophilization container is rested on the bottom clamp jaw and each of
positioning tabs and hanger tab of the tray assembly engage complimentary features of the container. Next,
the top jaw of the two-part clamp is rested on the bottom jaw, forming an “open” clamp configuration. In
this step, the clasp members 704,708 are not engaged and the lyophilization container extends
longitudinally through the void space between the open clamp jaws. Next, the tray assembly and container

are loaded into a lyophilizer. Next, the lyophilizer shelves are collapsed, forcing the top jaw of the clamp

10
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downward on to the bottom jaw, engaging clasp members 704,708. In this step, an occlusion is created in
the container. Next, the lyophilizer shelves are spaced apart. Next, the occlusion is removed by a manual

release of clasp members 704, 708, creating space between top and bottom clamp jaw.

[0060] FIG. 8 is a side section view of a temporary clamp according to an embodiment of the present

application.

[0061] Referring to FIG. 8, clamp 800 comprises a top jaw 802, including horizontal member 804
and lateral members 806; and a bottom jaw 808, including horizontal member 810 and lateral members

812.

[0062] As shown in FIG. 8, top and bottom jaw members are configured to cooperate with each other
in the creation of an occlusion. In this configuration, two occlusions are made when the clamp is actuated.
That is, upon clamp actuation, the flexible container material between top jaw 802 and bottom jaw 808 is
occluded at both interfaces between lateral members 806, 812. Advantageously, two points of occlusion

create a redundancy, thereby increasing both clamp reliability and quality.

[0063] In the actuated or closed state, the tolerance between lateral members 806, 812 of the top jaw
802 and of the bottom jaw 808 must reliably occlude a lyophilization container yet must not compromise
container materials (i.e., tear or rip). In a preferred embodiment, the tolerance between lateral members of
the top and bottom jaws may be between 80 percent and 99 percent of the thickness of the two layers of
container material. In the actuated or closed state, the tolerance between horizontal member 804 of the top
jaw 802 and the horizontal member 810 of the bottom jaw 808 does not occlude the lyophilization container
and should provide a space for container material. In a preferred embodiment, the tolerance between
horizontal members 804,810 of the top and bottom jaws 802,808 is greater than 100 percent of the thickness
of the two layers of clamped container material, such as between 101 percent and 120 percent of the

thickness of the two layers of clamped container material.

[0064] FIG. 9 is an illustration of a lyophilization system according to an embodiment of the present

application.

[0065] Referring to FIG. 9, the lyophilization system 900 includes a loading tray assembly 902; a
flexible multi-part lyophilization container 904; and a lyophilizer 906.

11
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[0066] As shown in FIG. 9, the loading tray assembly 902 of the present application is used to house
a multi-part lyophilization container 904 of the related art. Once the lyophilization container is housed in

the tray assembly 902, the tray assembly 902 is loaded into a suitable conventional lyophilizer 906.

[0067] Exemplary workflows included below describe the manner in which the loading tray assembly
902, in conjunction with shelves of the lyophilizer 906, automates a clamping function and optimizes the

performance of the Iyophilization container as the container evolves throughout the lyophilization cycle.
[0068] FIG. 10 is a workflow schematic according to an embodiment of the present application.

[0069] Referring to workflow 1000 shown in FIG. 10, a subject fluid (e.g., blood plasma) is
introduced into a non-breathable section of the lyophilization container in step 1002. In step 1004, a multi-
part lyophilization container including a peelable seal and an occlusion zong is secured on a lyophilization
loading tray assembly. In step 1006, the fluid in the container is frozen, creating a thin, uniform structure
of ice in the non-breathable section. In step 1008, vacuum and heat energy are applied. The vacuum
removes or “opens” the peelable seal, and along with the heat energy, is used to perform sublimation and
desorption, causing a phase change in the ice structure from the solid phase directly to the vapor phase.
Vapor released from the ice structure flows through the container cavity and escapes through the breathable
section, leaving the lyophilized plasma cake (i.e., the ice structure now dehydrated as a result of
lyophilization) in the non-breathable section. In step 1010, the container is occluded by the actuation of a
two-part clamp of the loading tray assembly. In step 1012, a permanent seam is created in non-breathable
material of the breathable section. In step 1014, the container is divided at the permanent seam and the

breathable section is discarded, leaving the lyophilizate in the non-breathable section.

[0070] In step 1002, the introduction of fluid may be referred to as pre-loading. During preloading,
between 250ml to 500ml of fluid (e.g., blood plasma) are input into the non-breathable section of the multi-

part lyophilization container.

[0071] In step 1004, the securing of the lyophilization container on the loading tray assembly includes
disposing the lyophilization container on the tray assembly, through an open space between a top jaw and
a bottom jaw of a two-piece clamp seated in the loading tray assembly and engaging complimentary
positioning features built into the tray assembly and the container. Notably, step 1002 and step 1004 may

be reversed in certain embodiments.

[0072] In step 1008, vacuum pressure and heat energy are applied. Since the vacuum pressure

required for lyophilization is lower than the vacuum pressure required to open the peelable seal, no special
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vacuum adjustments are necessary. That is, as vacuum is applied to the Iyophilizer chamber, the peclable
seal 1s opened before lyophilization pressures are achieved. In this regard, the application of vacuum and
heat energy together cause sublimation and desorption to proceed in the usual manner. Preferable drying

temperatures may range from -20 °C to -40 °C, such as -25 °C.

[0073] In step 1010, the container is occluded by the actuation of a two-part clamp. The two-part
clamp is actuated by a collapse of the lyophilizer shelves. That is, shelf collapse forces the top clamp jaw
downward into engagement with the bottom clamp jaw. Actuation in this manner is possible insofar as the
initial state of the clamp is an open state. The purpose of creating an occlusion in this step is primarily to

prevent contamination of the lyophilizate with moisture and oxygen from air prior to step 1012.

[0074] In step 1012, a permanent seam is created, isolating the lyophilized cake in the non-breathable
section. In the schematic shown, permanent seam step 1014 is a discreet step. That is, an ancillary piece of
equipment is used to create the permanent seam or seal. In further examples, permanent seam step 1014 may
be integrated into occlusion step 1012. In such embodiments, the occlusion means (¢.g., a clamp) may

incorporate the permanent sealing means.

[0075] In step 1014, the complete removal of the breathable section represents the final evolution of

the container. Notably, steps 1012 and 1014 may optimally not occur in various embodiments.

[0076] In further exemplary workflows, steps may be added to the workflow described in FIG. 10. For
example, additional steps may include the introduction of gas into the lyophilization container to regulate pH
or to create a vapor space above the subject fluid or ice structure. An additional step may also include the

backfilling of the lyophilization container with an inert gas to regulate container pressure.
[0077] FIG. 11 is workflow schematic according to another embodiment of the present application.

[0078] Referring to workflow 1100 shown in FIG. 11, in step 1102, a multi-part lyophilization
container including a peelable seal and an occlusion zone is secured on a lyophilization loading tray
assembly. In step 1104, a subject fluid (¢.g., blood plasma) is introduced into a non-breathable section.
Notably, step 1102 and step 1104 may be reversed in certain embodiments. In step 1106, air, inert gas, or
a pH regulating gas (¢.g., CO») is introduced into the non-breathable section of the lyophilization container.
In step 1108, the fluid in the container is frozen, creating a thin, uniform structure of ice in the non-
breathable section. In step 1110, vacuum and heat energy are applied. The vacuum removes or “opens”
the peelable seal, and along with the heat energy, is used to perform sublimation and desorption, causing a

phase change in the ice structure from the solid phase directly to the vapor phase. Vapor released from the
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ice structure flows through the container cavity and escapes through the breathable section, leaving the
lyophilized plasma cake (i.e., the ice structure now dehydrated as a result of lyophilization) in the non-
breathable section. In step 1112, the container is backfilled with an inert gas to raise container pressure to
partial or full atmospheric pressure. In step 1114, the container is occluded by the actuation of a two-part
clamp of the loading tray assembly. Optionally, in step 1116, a permanent seam is created in the non-
breathable material of the breathable section. Optionally, in step 1118, the container is divided at the
permanent seam and the breathable section is discarded, leaving the lyophilized end-product in the non-

breathable section.

[0079] FIG. 11 essentially represents a departure from the workflow of FIG. 10 only in the addition
of steps 1106 and 1112. In step 1106, air (or nitrogen or another inert dry gas), or a pH regulating gas (¢.g.,
CQ) is introduced into the lyophilization container. A pH-regulating gas may be introduced to the
lyophilization container to regulate pH. In an altemate embodiment, a pH-regulating gas might be

introduced during step 1112,

[0080] In step 1112, the lyophilization container is backfilled to partial or full atmospheric pressure
with pH regulating gas (e.g., CO-). In the case of backfilling to a partial atmospheric pressure, the container
is occluded once the desired partial atmospheric pressure is reached. Optionally, the container is then
permanently sealed. Occlusion and/or sealing of the container while at a pressure lower than atmospheric
pressure causes the container to collapse and reduce its volume when the container is exposed to
atmospheric pressure. This process also secures the pH regulating gas in the non-breathable portion and
prevents an ingress of oxygen and moisture into the container. Since the resultant container has been
occluded and/or sealed at a pressure that is less than atmospheric pressure, and since final container volume
will be in a reduced volume condition once the vacuum of the lyophilizer is removed, the final lyophilized
product can be stored and transported more easily. Backfilling in this manner is particularly applicable to
container embodiments having flexible materials or components since such a diminution of container

volume would not be possible with a rigid, inflexible lyophilization container.

[0081] Equipment used in the above-described workflows may vary. For instance, some
embodiments may employ an all-in-one lyophilizer, whereas other embodiments may utilize a separate,
stand-alone freezer for the freezing step. Likewise, some variation may exist in the order of process steps.
For instance, the securing of the flexible container on the loading tray assembly may occur before or after

the introduction of fluid into the container.
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[0082] The use of a physical barrier (¢.g., a two-piece guillotine clamp) to segregate fluid in the non-
breathable section from the breathable section according to workflows described above eliminates the potential
for fluid contact with, and fouling of, the pores of breathable material in the breathable section of the
lyophilization container. Fouling can disrupt the sublimation and desorption aspects of lyophilization,
thereby increasing total lyophilization time and reducing the ability to obtain a viable lyophilizate.
Accordingly, eliminating the potential for fouling leads to a relative increase in vapor flow which, in turn,
results in faster freeze drying, a colder ice temperature during primary drying due to an increased sublimative

cooling effect and increased retention of proteins and clotting factors.

[0083] Various advantages and benefits flow from the automation of clamping as described herein. For
instance, the use of collapsing shelves to occlude the lyophilization container obviates certain operator errors
including an inadvertent mistiming or omission of the clamping step altogether. Another automation advantage
derives from the design of the loading tray assembly itself. For example, shelf spacers facilitate a reliable and
error-free collapse of the lyophilizer shelves. This, in tumn, results in a consistent clamping of each
lyophilization container in the system and further reduces the potential for failures or contamination which may

be more often associated with manual clamping.

[0084] Notwithstanding the various specific embodiments enumerated in this disclosure, those skilled
in the art will appreciate that a variety of modifications and optimizations could be implemented for
particular applications. For instance, further embodiments of the present application may include a tray
assembly having fewer components than, for example, as are included in the embodiment depicted in FIG.
5. Likewise, the described loading tray assembly may be adapted for loading a variety of lyophilization
containers that are not limited by the description of the lyophilization container depicted in the present
figures. For example, such a container may be rigid, may comprise on¢ or several parts or compartments
and may utilize a variety of materials. Accordingly, embodiments of the loading tray assembly described
in this application may optionally exclude any of the shelf spacers, the two-part clamp or the container
attachment means. That is, certain embodiments may not require shelf spacers to regulate shelf collapse or
clamp actuation. Likewise, certain embodiments may exclude a clamp altogether or utilize another type of
clamp, such as a wirelessly controlled electro-mechanical clamp. Yet further embodiments may exclude
container attachment means and thus comprise only a chassis having a contact void, or only a chassis having
a contact void and optionally a clamp and shelf spacers. Additionally, the present application is not limited
to the lyophilization of blood or blood products. That is, the principles of the present application may be

applicable to the lyophilization of many fluids. Accordingly, various modifications and changes may be
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made in the arrangement, operation, and details of the methods and systems of the present application which

will be apparent to those skilled in the art.
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WHAT IS CLAIMED IS:

1. A loading tray assembly for housing a flexible lyophilization container, the assembly
comprising:
a chassis including a contact void configured to facilitate direct contact between the

attached container and a lyophilizer shelf.

2. The loading tray assembly of claim 1, further comprising a clamp.

3. The loading tray assembly of claim 2, wherein the clamp is configured to have an open

initial bias.

4, The loading tray assembly of claim 2, wherein the clamp is a temporary, two-part clamp
comprising a top jaw and a bottom jaw, the top jaw and the bottom jaw each including two vertical members
and one lateral member, the respective members of each jaw configured to cooperate in the creation of an

occlusion.

5. The loading tray assembly of claim 4, wherein a tolerance between the lateral members of
the top jaw and the bottom jaw is between 80 percent and 99 percent of a thickness of two layers of container
material secured between the top jaw and the bottom jaw when the clamp is in a closed state.

6. The loading tray assembly of claim 4, wherein a tolerance between the horizontal member
of the top jaw and the bottom jaw is more than 100 percent of a thickness of two layers of container material
secured between the top and bottom jaw when the clamp is in a closed state.

7. The loading tray assembly of claim 1, further comprising a shelf spacer.

8. The loading tray assembly of claim 7, wherein a bottom surface of the chassis is offset

from a bottom surface of the shelf spacer by a distance of between 0.02mm and 5.0mm.

9. The loading tray assembly of claim 7, wherein the shelf spacer comprises a height of

between 2.5cm and 4.5¢cm.
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10. The loading tray assembly of claim 7, wherein the chassis comprises aluminum and the

shelf spacer comprises Acrylonitrile Butadiene Styrene (ABS).

11. The loading tray assembly of claim 1, wherein the chassis further comprises attachment

means for attaching the lyophilization container.

12. The loading tray assembly of claim 11, wherein the attachment means are selected from

among tabs, posts and pins.

13. The loading tray assembly of claim 1, wherein the lyophilization container is a multi-part

container.

14. A lyophilization system, the system comprising:
a multi-part lyophilization container;
a loading tray assembly, the loading tray assembly including:
a chassis comprising a contact void configured to facilitate direct contact between the

attached multi-part lyophilization container and a lyophilizer shelf; and

a lyophilizer.

15. The system of claim 14, wherein the loading tray assembly further comprises a clamp.

16. The system of claim 15, wherein the clamp is a temporary two-piece guillotine or parallel
clamp.

17. The system of claim 14, wherein the loading tray assembly further comprises a shelf spacer.

18. The system of claim 14, wherein the loading tray assembly further comprises attachment

means for attaching the multi-part lyophilization container.

19. The system of claim 14, wherein the multi-part lyophilization container includes an

occlusion zone.

20. The system of claim 14, wherein the multi-part lyophilization container includes a peelable

seal.
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21. A method of lyophilizing a fluid, the method comprising:

securing, on a lyophilization loading tray assembly, a multi-part lyophilization container, the
container including a peelable seal;

inputting a liquid into a non-breathable section of the lyophilization container;

loading the tray assembly into a lyophilizer;

freezing the liquid;

applying heat energy and a vacuum, the vacuum causing an opening of the peelable seal of the
lyophilization container and allowing vapor transfer between a non-breathable section of the container and
a breathable section of the container; and

occluding the multi-part Iyophilization container to isolate the frozen liquid.

22. The method of claim 21, further comprising inputting a gas into the non-breathable section

of the container to create a vapor space above the inputted liquid.

23. The method of claim 21, further comprising inputting a pH-regulating gas into the non-

breathable section of the container.

24. The method of claim 21, further comprising backfilling the lyophilization chamber.

25. The method of claim 24, where the backfilling of the lyophilization chamber comprises

backfilling only to a partial atmospheric pressure.

26. The method of claim 25, wherein the backfilling of the lyophilization chamber to a partial

atmospheric pressure is performed using a pH regulating gas.

27. The method of claim 21, further comprising introducing an inert gas to raise chamber

pressure to atmospheric pressure.

28. The method of claim 21, further comprising forming a permanent seam in the breathable

section of the container while the interior of the non-breathable section is at partial atmospheric pressure.

29. The method of claim 28, further comprising removing the breathable section of the flexible

container.
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30. The method of claim 21, wherein the lyophilization loading tray assembly comprises:
a chassis including a contact void configured to facilitate direct contact between the attached multi-

part lyophilization container and a lyophilizer shelf.

31. The method of claim 30, wherein the lyophilization loading tray assembly further includes

a clamp.

32. The method of claim 30, wherein the clamp is a temporary, two-piece guillotine or parallel

clamp.

33. The method of claim 30, wherein the lyophilization loading tray assembly further includes

a shelf spacer.

34, The method of claim 30, wherein the chassis further includes attachment means for

attaching the multi-part lyophilization container,
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'
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peelable seal on loading tray assembly
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1006 — Freeze fluid

.

1008 — Apply vacuum and heat to open peelable
seal and perform sublimation and desorption

.
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1104—| Introduce fluid into non-breathable section
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1108 — Freeze fluid

.

1110—| Apply vacuum and heat to remove peelable
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