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(57) Abréegée/Abstract:
A plunger, a syringe, and a method of making a plunger and a syringe are disclosed. The plunger includes a support ring and a

cover disposed over and coupled to the support ring. A cavity defining a predetermined volume Is defined between the support ring
and the cover. The syringe includes a barrel defining an inner wall and the plunger inserted therein.
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SYRINGE PLUNGER WITH DYNAMIC SEAL

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Patent Application No.
62/443,302, filed 06 January 2017, the disclosure of which is hereby incorporated in its
entirety by reference.
TECHNICAL FIELD
[0002] The present disclosure relates generally to medical fluid delivery applications, and,
particularly, to fluid injection systems including a fluid injector, a syringe, and a plunger within
the syringe. More particularly, the present disclosure Is directed to a syringe plunger with a
dynamic seal.
BACKGROUND
[0003] In many medical diagnostic and therapeutic procedures, a medical practitioner such
as a physician injects a patient with a fluid. In recent years, a number of injector-actuated
syringes and powered Injectors for pressurized injection of fluids, such as contrast media,
have been developed for use Iin imaging procedures such as angiography, computed
tomography (CT), ultrasound, and magnetic resonance imaging. In general, these powered
Injectors are designed to deliver a preset amount of contrast and/or saline at a preset flow
rate using one or more disposable or refillable syringes.
[0004] Automatic injection mechanisms typically include a syringe connected to a powered
Injector with a linear actuator. The linear actuator operates a moveable piston that is
configured to engage a plunger inserted in the barrel of the syringe. The interface or
engagement between the piston and plunger generally includes a reversible mechanical
locking structure such as screw threads, undercuts, pins, swivels, snap fit connections, and
the like for establishing and maintaining the connection between the piston and plunger.
[0005] The plunger/piston interface should be sufficiently strong to retract the plunger in a
proximal direction through the barrel to draw fluid into the syringe, as well as to advance the
plunger through the barrel in the distal direction to expel the fluid contained therein.
[0006] In addition to being sufficiently strong to maintain good connection between the
piston and plunger during use, the interface should also be removable so that the syringe
and plunger can be disposed of after use. With mechanical locking structures, to disengage
the piston from the plunger, the user either orients the piston and plunger for
disengagement, such as by rotating the syringe to properly align locking features on the
piston and plunger, or pulls the piston away from the plunger with sufficient force to
overcome the locking structure. Once the piston is disengaged from the plunger, the used

syringe and plunger may be discarded.
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[0007] A challenge with syringe plunger seals is insufficient sealing during injection
procedures. It would be desirable to provide a syringe plunger with a dynamic seal enhance
sealing during injection procedures where compression is generated when the syringe Is
under injection pressure conditions. Preloading compression is not desirable because over
the shelf life of the syringe the plastic components undergo deformation or creep that impairs
forming an adequate seal under injection pressure conditions. Furthermore, it Is desirable to
limit compression due to automated assembly process where it Is desirable to have low
pressure during manufacturing. Accordingly, various aspects of a syringe plunger with a
dynamic seal described herein overcome these deficiencies.

SUMMARY
[0008] While automated injectors are well-known, improved fluid delivery systems which
make the injection processes simpler for medical staff are always needed. With respect to
the present disclosure, a syringe having a plunger with a dynamic seal is set forth. Desirably,
the plunger with a dynamic seal which slides easily through the inner wall of the barrel of the
syringe, but nevertheless is configured to provide a good effective seal against the inner wall
of the barrel during an injection procedure to prevent leaking of the substance contained
therein, is also needed.
[0009] In view of the foregoing, a need exists for a syringe having a plunger with a dynamic
seal which can be used with an injector, such as a powered injector. According to one
aspect of the disclosure, the plunger with dynamic seal generates compression under
Injection pressure conditions. Initially, under relatively low pressure conditions, the
compression between the plunger and the inner wall of the barrel is low. The compression
Increases under injection pressure conditions of the fluid delivery system and thus increases
the seal between the plunger and the inner wall of the barrel of the syringe.
[0010] In one aspect, a syringe plunger with a dynamic seal is provided. The syringe plunger
with a dynamic seal comprises a support ring and a cover disposed over and coupled to the
support ring, wherein an air cavity defining a predetermined volume is defined between the
support ring and the cover.
[0011] In another aspect, a syringe comprising a plunger with a dynamic seal is provided.
The syringe comprises a barrel defining an inner wall, and a plunger located within the inner
of the barrel. The plunger comprises a support ring and a cover disposed over and coupled
to the support ring, wherein an air cavity defining a predetermined volume is defined
between the support ring and the cover.
[0012] In addition to the foregoing, various other method and/or system and/or program
product aspects are set forth and described In the teachings, such as text (e.qg., claims
and/or detailed description) and/or drawings, of the present disclosure.

[0013] The various aspects of the present disclosure are also described in the following
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clauses.

[0014] Clause 1: A plunger, comprising: a support ring; and a cover disposed over and
coupled to the support ring, wherein the support ring and the cover define an air cavity
therebetween, the air cavity defining a predetermined volume.

[0015] Clause 2: The plunger of clause 1, further comprising a conical cap disposed over
the cover.

[0016] Clause 3: The plunger of clause 2, wherein the conical cap comprises an overmold
element disposed over thereon.

[0017] Clause 4: The plunger of any of clauses 1 to 3, wherein the cover further comprises
first and second annular ribs.

[0018] Clause 5: The plunger of any of clauses 1 to 4, wherein the cover comprises: conical
cap,; a cylindrical sidewall having at least one annular rib; and a flange to engage the support
rng.

[0019] Clause 6: The plunger of any of clauses 1 to 5, wherein the support ring comprises a
conical cap that defines an included angle greater than about 90°

[0020] Clause 7: The plunger of clause 6, wherein the conical cap of the support ring
defines an included angle greater than about 90°an d less than about 120°

[0021] Clause 8: The plunger of clause 6 or 7, wherein the conical cap of the support ring
and the conical cap of the cover define an angle therebetween.

[0022] Clause 9: The plunger of clause 8, wherein the angle defined between the conical
cap of the support ring and the conical cap of the cover is greater than 0°and less than
about 30°

[0023] Clause 10: The plunger of any of clauses 1 to 9, wherein the support ring comprises:
a shoulder; and defines an annular groove between the shoulder and the conical cap to
receive a flange defined by the cover.

[0024] Clause 11: The plunger of any of clauses 1 to 10, wherein the predetermined volume
IS selected in a range between 0.1 mL and 10 mL.

[0025] Clause 12: A syringe, comprising: a barrel defining an inner wall; and a plunger
located within the inner wall of the barrel, the plunger comprising: a support ring; and a cover
disposed over and coupled to the support ring, wherein an air cavity defining a
predetermined volume is defined between the support ring and the cover.

[0026] Clause 13: The syringe of clause 12, wherein the plunger comprises a conical cap
disposed over the cover.

[0027] Clause 14: The syringe of clause 13, wherein the conical cap comprises an overmold
element disposed thereon.

[0028] Clause 15: The syringe of any of clauses 12 to 14, wherein the cover further

comprises first and second annular ribs that form a seal with the inner wall of the barrel.
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[0029] Clause 16: The syringe of any of clauses 12 to 15, wherein the cover comprises:
conical cap; a cylindrical sidewall having at least one annular rib; and a flange to engage the
support ring.

[0030] Clause 17: The syringe of any of clauses 12 to 16, wherein the support ring
comprises a conical cap that defines an included angle greater than about 90°

[0031] Clause 18: The syringe of clause 17, wherein the conical cap of the support ring
defines an included angle greater than about 90°an d less than about 120°

[0032] Clause 19: The syringe of clause 17 or 18, wherein the conical cap of the support
ring and the conical cap of the cover define an angle therebetween.

[0033] Clause 20: The syringe of clause 19, wherein the angle defined between the conical
cap of the support ring and the conical cap of the cover Is greater than 0°and less than
about 30°

[0034] Clause 21: The syringe of any of clauses 12 to 20, wherein the support ring
comprises: a shoulder; and defines an annular groove between the shoulder and the conical
cap to receive a flange defined by the cover.

[0035] Clause 22: The syringe of any of clauses 12 to 21, wherein the predetermined
volume is selected in a range between 0.1 mL and 10 mL.

[0036] Clause 23: A method of making a plunger, the method comprising: providing a
support ring, the support ring comprising a first conical cap, a shoulder, and defines an
annular groove between the shoulder and the conical cap; attaching a cover to the support
ring, the cover comprising a second conical cap, a cylindrical sidewall, and a flange to
engage the annular groove of the support ring; and attaching a third conical cap to the
second conical cap of the cover.

[0037] Clause 24: A method of making a syringe, comprising: providing a syringe barrel;
making a plunger in accordance with a method, the method comprising: providing a support
ring, the support ring comprising a first conical cap, a shoulder, and defines an annular
groove between the shoulder and the conical cap; attaching a cover to the support ring, the
cover comprising a second conical cap, a cylindrical sidewall, and a flange to engage the
annular groove of the support ring; and attaching a third conical cap to the second conical
cap of the cover; and inserting the plunger in the syringe barrel.

[0038] The foregoing iIs a summary and thus may contain simplifications, generalizations,
iInclusions, and/or omissions of detail; consequently, those skilled in the art will appreciate
that the summary is illustrative only and is NOT intended to be in any way limiting. Other
aspects, features, and advantages of the devices and/or processes and/or other subject
matter described herein will become apparent in the teachings set forth herein.

[0039] Further, it is understood that any one or more of the following-described forms,

expressions of forms, examples, can be combined with any one or more of the other
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following-described forms, expressions of forms, and examples.
[0040] The foregoing summary is illustrative only and is not intended to be in any way
limiting. In addition to the illustrative aspects, aspects, and features described above, further
aspects, aspects, and features will become apparent by reference to the drawings and the
following detailed description.

FIGURES
[0041] The novel features of the described forms are set forth with particularity in the
appended claims. The described forms, however, both as to organization and methods of
operation, may be best understood by reference to the following description, taken in
conjunction with the accompanying drawings in which:
[0042] FIG. 1 is a side view of a syringe, according to one aspect of the present disclosure;
[0043] FIG. 2 is a schematic cross-sectional view of a syringe interface having a piston and
plunger, according to one aspect of the present disclosure;
[0044] FIG. 3 is a sectional view of a syringe plunger system, according to one aspect of the
present disclosure;
[0045] FIG. 4 is a section view of one aspect of a syringe plunger system with a dynamic
seal, according to one aspect of the present disclosure;
[0046] FIG. SA is a section view of one aspect of the syringe plunger system with a dynamic
seal shown in FIG. 4 in an initial compression state, according to one aspect of the present
disclosure;
[0047] FIG. 5B is a section view of one aspect of the syringe plunger system with a dynamic
seal shown In FIG. 5A In a compressed state, according to one aspect of the present
disclosure;
[0048] FIGS. 6-11 illustrate several views of a support ring structure that includes an
included angle, where:
[0049] FIG. 6 is a perspective view of the support ring, according to one aspect of the
present disclosure;
[0050] FIG. 7 is a perspective view of the support ring, according to one aspect of the
present disclosure;
[0051] FIG. 8 is a plan view of the supporting ring, according to one aspect of the present
disclosure;
[0052] FIG. 9 is an elevational view of the support ring, according to one aspect of the
present disclosure;
[0053] FIG. 10 is a bottom view of the support ring, according to one aspect of the present
disclosure;
[0054] FIG. 11 is a sectional view of the support ring taken along section line 11--11, as

shown in FIG. 10, according to one aspect of the present disclosure;
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[0055] FIG. 12 is a sectional view of the syringe plunger system with dynamic seal in a
shipping configuration, according to one aspect of the present disclosure;
[0056] FIG. 13 is a sectional view of the syringe plunger system with dynamic seal shown In
FIG. 12 under an initial state of compression, according to one aspect of the present
disclosure;
[0057] FIG. 14 is a sectional view of the syringe plunger system with a dynamic seal shown
In FIG. 12 under operating injection pressure, according to one aspect of the present
disclosure;
[0058] FIG. 15 is a sectional view of the syringe plunger system 200 with a dynamic seal
shown In FIG. 12 under a state of compression near or beyond maximum Injection pressure,
according to one aspect of the present disclosure;
[0059] FIG. 16 is a graphical representation of the maximum pressure that the syringe
plunger system described in connection with FIGS. 4-15 withstands after a sustained period
of pressurization, according to one aspect of the present disclosure;
[0060] FIG. 17 is a graphical representation of how the maximum pressure that the syringe
plunger system described in connection with FIGS. 4-15 withstands after a sustained period
of pressurization, according to one aspect of the present disclosure;
[0061] FIG. 18 is a graphical representation of the relationship of sealing pressure as a
function of included angle of the plunger, according to one aspect of the present disclosure;
and
[0062] FIG. 19 is a graphical representation of an optimal gap size of an air cavity described
for dynamic seal of a syringe plunger system, according to one aspect of the present
disclosure.

DESCRIPTION
[0063] Before explaining various forms of syringe plungers with dynamic seals in detall, it
should be noted that the illustrative forms are not limited in application or use to the details of
construction and arrangement of parts illustrated in the accompanying drawings and
description. The illustrative forms may be implemented or incorporated in other forms,
variations and modifications, and may be practiced or carried out in various ways. Further,
unless otherwise indicated, the terms and expressions employed herein have been chosen
for the purpose of describing the illustrative forms for the convenience of the reader and are
not for the purpose of limitation thereof.
[0064] Further, it Is understood that any one or more of the following-described forms,
expressions of forms, examples, can be combined with any one or more of the other
following-described forms, expressions of forms, and examples.
[0065] Various forms are directed to syringe plungers with dynamic seals to provide

enhanced sealing during injection procedures under injection pressure conditions. With
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reference to FIG. 1, in one aspect, a syringe 10 includes a barrel 12, a plunger 14, and a
plunger rod 17. The plunger 14 is slideably inserted in the barrel 12. The plunger 14 may be
removable or non-removeably or integrally connected to the plunger rod 17. A proximal end
15 of the plunger rod 17 extends outward from a proximal end 13 of the barrel 12 and is
configured to form an interface with an external piston (not shown) configured to be driven
by a fluid injector, such as a powered or automatic injector. The interface between the
plunger rod 17 of the syringe 10 and an external piston may include a connecting surface
structure, such as a mating element 20, extending from the proximal end 15 of the plunger
rod 17. The mating element 20 is configured to engage with the external piston. The external
piston may include a piston rod (not shown). In alternate aspects, plunger 14 may directly
Interface with the external piston.

[0066] In use, the external piston is brought into contact with the mating element 20 of the
syringe 10 and engages the mating element 20. In one aspect, the syringe may be
disposable. Various techniques may be employed to engage the external piston with the
mating element 20. Once engagement is established, the external piston can be retracted to
fill the syringe 10 with fluid or driven in the proximal direction to eject fluid contained therein.
Once the fluid Is ejected, a slider (not shown) is moved in the proximal direction to
disengage the external piston from the mating element 20. Once disengaged, a user can
dispose of the syringe 10. Additional examples of syringes can be found in commonly
assigned US Publication No. 2016/0151570, filed July 9, 2014, and titled VACUUM SYSTEM
FOR SYRINGE INTERFACE, U.S. Patent Nos. 9,173,995; 9,199,033, and 9,700,670, and
U.S. Application Serial No. 15/541,573, the disclosures of which are incorporated herein by
reference.

[0067] Referring to FIG. 2, the syringe 10 includes a barrel 12 that may be cylindrical, and a
plunger 14, as well as a method of pushing and retracting the plunger 14 through the barrel
12 as described in connection with FIG. 1. The syringe 10 generally includes the barrel 12, a
plunger 14, and a piston 18 for advancing and retracting the plunger 14 through the barrel
12. The piston 18 may include a piston head 16 for engaging the plunger 14. The piston 18
optionally may include a handle (not shown) allowing a user to manually advance the
plunger 14. Alternatively, the piston 18 is connected to a mechanical mechanism, such as a
powered Injector, powered linear actuator, or fluid injector, for automatically driving the
piston head 16 and plunger 14 through the barrel 12. The piston 18 can be made of a rigid
plastic. Examples of piston to plunger engagement mechanisms may be found, for example,
iIn U.S. Patent Nos. 9,480,797 and 7,666,169, the disclosures of which are incorporated
herein by reference.

[0068] The barrel 12 is adapted to contain a fluid F, such as a medicament, biological

solution, saline, or contrast agent, to be injected to a patient. The barrel 12 extends
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longitudinally from a proximal end 21, near the injector apparatus, to a distal end 22 and Is
configured to expel the fluid F from the distal end 22 of the barrel 12. The distal end 22 may
iInclude an outflow port 24, such as a nozzle, needle cannula, or catheter tubing. The barrel
12 may be formed from any suitable biocompatible and medical grade material including
glass, metal, ceramic, plastic, rubber, or combinations thereof.

[0069] The plunger 14 is adapted to be slidably inserted in the barrel 12, and includes a
cylindrical body 26 formed of elastomeric material, a sidewall 28, and a conical cap 30. The
plunger 14 has an external diameter ED that corresponds to an inner diameter |ID of the
barrel 12, such that a fluid seal is formed between the sidewall 28 and an inner wall 29 of the
barrel 12. In certain aspects, the sidewall 28 includes one or more annular ribs 32 extending
radially from the sidewall 28. The annular ribs 32 are adapted to contact and compress
against the inner wall 29 to form a fluid tight seal and are adapted to slide against the inner
wall 29 of the barrel 12 as the plunger 14 is advanced or retracted while maintaining the fluid
tight seal. The annular ribs 32 reduce the contact surface area against the inner wall 29 of
the barrel 12, which lessens the frictional forces between the barrel 12 and plunger 14 and
allows the plunger 14 to slide through the barrel 12 more easily.

[0070] The plunger 14 may further include an annular shoulder 42 or ring positioned on a
proximal end of the plunger 14. The annular shoulder 42 contacts a corresponding portion of
the piston 18 or piston head 16 for imparting additional pushing force against the plunger 14.
[0071] The sidewall 28 is flexible and can deform outwards to increase the size of the
opening and cavity defined by an inner portion of the plunger 14, to accept the piston head
16 and/or support ring 116. In certain aspects, a portion of the sidewall 28 may essentially
be hollow and include an annular channel (not shown) to reduce the structural integrity of the
sidewalls 28, thereby further increasing the flexibility.

[0072] In use, the piston head 16 Is inserted into the cavity defined by the plunger 14
establishing a removable engagement therebetween. The engagement is sufficient to
maintain the connection between the plunger 14 and piston head 16 both as the plunger 14
Is advanced through and retracted from the barrel 12. As such, the engagement must be
strong enough to counteract both the initial frictional breakaway force created by the contact
between the sidewall 28 and/or annular ribs 32 of the plunger 14 and the inner surface of the
barrel 12, as well as the dynamic frictional forces created as the plunger 14 slides through
the barrel 12 and at least partial vacuum that is created as plunger 14 is retracted to draw
liquid F into the syringe.

[0073] FIG. 3 is a sectional view of a syringe plunger system 100 according to one aspect.
The syringe plunger system 100 includes an included angle 8, about 90¢ for example from
85°to 95° As used herein the term “about” when re ferencing an angle of the plunger system

means plus or minus 5% The syringe plunger system 100 includes a plunger 102 disposed
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within a barrel 104 of the syringe. The barrel 104 defines an inner wall 106 configured to
slideably receive the plunger 102. The plunger 102 includes a support ring 116, a cover 114
disposed and snap fit over the support ring 116, and a conical cap 110 disposed over the
cover 114. When the plunger 102 is under injection pressure conditions, the plunger 102 is
axially deflected and the cover 114 is radially deflected towards the inner wall 106 of the
barrel 104 to provide greater seal under injection pressure conditions. In certain aspects, the
conical cap 110 may include an overmold element 112.

[0074] The cover 114 includes a cylindrical sidewall 108, a conical cap 160, and a flange
162 such as a projecting rim or edge for coupling the cover 114 to the support ring 116. The
cover 114 includes one or more annular ribs, such as a first annular rib 120 and a second
annular rib 122. The first annular rib 120 is received Iin a first annular slot 124 defined by the
inner wall 106 of the barrel 104 and the second annular rib 122 is received in an annular slot
126 also defined by the inner wall 106 of the barrel 104.

[0075] The support ring 116 includes an annular shoulder 154, a conical cap 152, and an
annular groove 118 defined therebetween to receive the flange 162 of the cover 114. The
conical cap 152 of the support ring 116 defines an included angle 61 of about 90°and an
annular groove 118 to receive the cover 114 portion of the conical cap 110. The support ring
116 defines an inner volume 132 within the conical cap 160. At least one aperture 134 Is
defined by the support ring 116 to provide an exit path for the air between the cover 114 and
the support ring 116 during injection pressurization. The air is vented through the at least
one aperture 134 back outside of the barrel 104 of the syringe and away from the path of the
fluid.

[0076] An air cavity 128 is defined between the tip 150 of the conical cap 152 of the support
ring 116 and the conical cap 160 of the cover 114. The conical cap 160 of the cover 114 is in
contact with and supported by the conical cap 152 of the support ring 116 at an interface
130. There is no a gap or air cavity defined at the interface 130.

[0077] FIG. 4 is a sectional view of a syringe plunger system 200 with a dynamic seal
according to another aspect. The syringe plunger system 200 is shown prior to injection
pressurization. The syringe plunger system 200 includes an included angle 8. greater than
about 90° As will be described hereinbelow, an inc rease in the included angle 6. above
about 90°increases the sealing pressure limits of the syringe plunger system 200.
Alternatively, the syringe plunger system 200 includes an included angle 6, of about 90°0on
the conical cap 252 of the support ring 216 and an included angle of less than about 90°0on
the conical cap 260 of the of the cover 214. The syringe plunger system 200 includes a
plunger 202 disposed within a syringe barrel 204 of the syringe. The syringe barrel 204
defines an inner wall 206 configured to slideably receive the plunger 202. The plunger 202

iIncludes a support ring 216, a cover 214 disposed over and coupled to the support ring 2186,
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and a conical cap 210 disposed over the cover 214. In one aspect, the cover 214 may be
shap fit to the support ring 216. When the plunger 202 is under injection pressure conditions,
the plunger 202 is axially deflected and the cover 214 is radially deflected towards the inner
wall 206 of the syringe barrel 204 to provide a greater seal under injection pressure
conditions. The conical cap 210 may include an overmold element 212.

[0078] The cover 214 includes a cylindrical sidewall 208, a conical cap 260, and a flange
262 such as a projecting rim or edge for coupling the cover 214 to the support ring 216. The
cover 214 includes a first annular rib 220 and a second annular rib 222. The first annular rib
220 Is recelved In a first annular slot 224 defined by the inner wall 206 of the syringe barrel
204 and the second annular rib 222 is received In a second annular slot 226 also defined by
the inner wall 206 of the syringe barrel 204.

[0079] The support ring 216 includes an annular shoulder 254, a conical cap 252, and an
annular groove 218 defined therebetween to receive the flange 262 of the cover 214. The
conical cap 252 of the support ring 216 defines an included angle 6. greater than about 90°
and an annular groove 218 to receive the cover 214 portion of the conical cap 210. In the
llustrated example, the included angle 6. is 96° although the disclosure is not limited in this
context, as the included angle 6. can be calculated to produce an optimal effect of the
dynamic seal. The support ring 216 defines an inner volume 232 within the conical cap 252.
At least one aperture 234 is defined by the support ring 216 to provide an exit path for the air
between the cover 214 and the support ring 216 during injection pressurization. The air is
vented through the at least one aperture 234 back outside of the syringe barrel 204 of the
syringe and away from the path of the fluid.

[0080] The conical cap 252 of the support ring 216 and the conical cap 260 of the cover
define a gap or air cavity 230 therebetween. The air cavity 230 or “gap” is defined between
the support ring 216 and the cover 214 along the conical portion of the plunger 202. An
angle 63 is defined between the support ring 216 and the cover 214 and defines the air
cavity 230. The angle 6scan vary from a value greater than 0°to less than about 30 for
example, and nominally is about 6° The air cavity 230 defines a predetermined compliance
volume such that when the syringe plunger system 200 undergoes injection pressurization,
the overmold element 212 and the cover 214 deform and flex into the compliance volume
defined by the air cavity 230. The injection pressure applies an axial force to the overmold
element 212 and the cover 214 causing them to deform and compress the air cavity 230,
which applies a radial force to the first and second annular ribs 220, 222 to engage the
respective first and second annular slots 224, 226 and/or against the side wall 206 to create
a dynamic seal under injection pressure conditions. The volume of the air cavity 230
Increases as the included angle 6:1s increased. The volume of the air cavity 230 can be

optimized by suitable selection of the included angle 6.. Thus, the compliance volume can be

-10 -



CA 03049207 2015-07-03

WO 2018/129116 PCT/US2018/012284

Increased or decreased based on the included angle 6-. The included angle 6. can vary from
a value greater than about 90°to less than about 1 20 for example, and nominally is about
96° The compliance volume can vary from about 0.1 mL to 10 mL, for example. With an
included angle 8, of about 96° as shown in FIG. 4, the compliance volume is about 1 mL.
The size of the air cavity 230 or “gap” translates to sealing pressure of the dynamic seal. The
optimal size of the air cavity 230 can be calculated to produce an optimal dynamic seal for a
particular injector/syringe application. This optimal effect may be equivalent to a maximum
added compression for sealing, for example.

[0081] While the term “air cavity” is used herein to describe the compressible volume
between the conical cap 252 of the support ring 216 and the conical cap 260 of the cover,
other compressible materials may also be included in the volume between the conical cap
252 of the support ring 216 and the conical cap 260 of the cover. For example, in certain
aspects, the volume between conical cap 252 and conical cap 260 may be filled with a
bladder containing a compressible fluid, for example a compressible gas or other fluid. In
another aspect, the volume between conical cap 252 and conical cap 260 may be filled with
a compressible material, such as an elastic material with a low modulus that can deform
under the pressure loads associated with an injection procedure. Non-limiting examples may
iInclude a compressible or deformable material, such as thermoplastic elastomer or a foam
material, which compresses to allow for a dynamic seal under pressure loads typical of an
Injection procedure. In certain aspects, predictable compression and thereby, predictable
control of the dynamic seal between the plunger side wall and the interior wall of the syringe
may be achieved by selecting a material having a certain strain or compression factor under
a desired pressure load. In certain aspects, the compression of the material would reverse in
the absence of the pressure load of the injection procedure.

[0082] In one aspect the body of the syringe barrel 204 can be made of polyethylene
terephthalate commonly abbreviated PET such as Eastman MNO52 PET, for example. The
support ring 216 can be made of a polycarbonates (PC) thermoplastic polymer or any
suitable medical grade polymer that Is strong, tough, and may be optically transparent and
can be easily worked, molded, and thermoformed, such as Lexan 141, for example. The
cover 214 may be made of a thermoplastic elastomer (TPE), sometimes referred to as
thermoplastic rubbers, or other mix of polymers such as plastic and a rubber with both
thermoplastic and elastomeric properties, such as Santoprene 181-5, for example. The
cover 214 may be optically transparent or translucent. Thermoplastics may be desirable due
to their relatively easy of use in manufacturing and ability of being injected molded. The
overmold element 212 may be made of polypropylene (PP), also known as polypropylene
thermoplastic polymer, such as polypropylene P5M4K-046, for example, and may be

optically transparent or translucent. The syringe barrel 204, the support ring 216, the cover
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214, and the overmold element 212 are made of medical grade plastics and materials.
[0083] FIG. 5A is a section view of one aspect of the syringe plunger system 200 with a
dynamic seal shown in FIG. 4 in an initial compression state. In the example illustrated In
FIG. 5A, the included angle 6:2is about 96° Nevertheless, as described in connect ion with
FIG. 4, the included angle 62 may be varied to optimize the dynamic seal. The compliance
volume defined by the air cavity 230 is an initial compression state upon the initial
application of injection pressure 240, represented by the vertical arrows, and causes axial
deflection of the plunger 202 in the direction indicated by the vertical arrows. The injection
pressure 240 applied to the overmold element 212 causes the cover 214 to deform or
change shape. The change in shape of the cover 214 applies a radial force 242, represented
by the horizontal arrows, and causes radial deflection of the plunger 202 in the direction
indicated by the horizontal arrows, against the inner wall 206 of the syringe barrel 204 to
provide greater seal pressure. The radial force 242 pushes the first and second annular ribs
220, 222 into the respective first and second annular slots 224, 226 to create a dynamic seal
against the inner wall 206 of the syringe barrel 204. Accordingly, the seal force between the
plunger 202 and the inner wall 206 of the syringe barrel 204 is a dynamic function of the
Injection pressure 240. Accordingly, syringe barrel 204 swell due to creep Is managed since
the higher seal force Is present only for short durations of time during injections. This
function can be employed to define a pressure withstand requirement for the syringe plunger
system 200 of injection pressure (PSI) versus time (mS). In one aspect, the syringe plunger
system 200 can withstand injection pressures greater than or equal to 355 psi for 30
seconds and can withstand injection pressures greater than or equal to 405 psi for 1 second,
as shown in FIG. 16, for example. Elasticity of the plunger 202 enhances the importance of
the dynamic seal. Pressure ranges include 0 to 2000 PSI depending on material and type of
injection (e.q., CT or CV). For CT injection, maximum injection pressure is about 500 PSI
and nominal operating pressure iIs about 150-350 PSI. For CV Injection, maximum Injection
pressure Is about 1500 PSI| and nominal operating pressure is about 300-800 PSI.

[0084] FIG. 5B is a section view of one aspect of the syringe plunger system 200 with a
dynamic seal shown in FIG. 5A in a compressed state. As shown, the injection pressure 240
applied to the overmold element 212 causes the cover 214 to deform or change shape. The
change in shape of the cover 214 applies a radial force 242, represented by the horizontal
arrows, and causes radial deflection of the plunger 202 in the direction indicated by the
horizontal arrows, against the inner wall 206 of the syringe barrel 204 to provide greater seal
pressure. The radial force 242 pushes the first and second annular ribs 220, 222 into the
respective first and second annular slots 224, 226 and/or against the side wall 206 to create
a dynamic seal against the inner wall 206 of the syringe barrel 204.

[0085] FIGS. 6-11 illustrate several views of one aspect of a support ring 216 structure that
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iIncludes a conical cap 252 that defines an included angle 8.. Further details of support rings
such as 216 may be found in U.S. Patent Nos. 7,666,169; and 9,480,797, incorporated by
reference herein. FIGS. 6 and 7 are perspective views of the support ring 216. FIG. 8 is a
plan view of the support ring 216. FIG. 9 is an elevational view of the support ring 216. FIG.
10 is a bottom view of the support ring 216 and FIG. 11 is a sectional view of the support
ring 216 taken along section line 11--11 as shown in FIG. 10. With reference to FIGS. 6-10,
the support ring 216 includes a tip 250, a conical cap 252, and an annular shoulder 254. The
conical cap 252 defines an included angle 6-that is greater than about 90°and less than
about 120° In the illustrated example, the include d angle 6-is about 96° although the
iInclude angle 6. may be optimized to achieve a predetermined dynamic seal force between
the plunger 202 and the barrel (FIGS. 4 and 5A,B). The conical cap 252 may define a one or
more or even a plurality of apertures 234 to vent air back outside the syringe barrel 204 and
away from the fluid path. An annular groove 218 is defined between the conical cap 252 and
the annular shoulder 254. The annular groove 218 Is configured to snap fit receive the cover
214 (FIGS. 4 and 5A,B). The conical cap 252 of the support ring 216 defines an inner
volume 232. While one embodiment of the support ring 216 is illustrated in FIGs. 6-11, other
embodiments and configurations of support ring 216 are considered, for example support
rings with different piston engagement mechanisms (such as described in U.S. Patent No.
7,666,169) and/or with configurations having no apertures 234 in the conical cap 252 or,
alternatively having one aperature 234. |n aspects having no apertures 234 in the conical
cap 252, compression during an injection procedure may compress the air in the air cavity
230 or, alternatively force the air in the air cavity 230 out between the plunger cover 214 and
the support ring 216.

[0086] FIG. 12 is a sectional view of the syringe plunger system 200 with a dynamic seal In
a shipping configuration. In the shipping configuration, the plunger 202 is under a pressure
that is significantly lower than a nominal injection pressure. The syringe plunger system 200
iIncludes a syringe barrel 204 defining an inner wall 206 and a plunger 202 disposed within
the syringe barrel 204. The plunger 202 includes a support ring 216 that defines an included
angle B:that is greater than about 90° and in one example is approximately about 96° As
previously described, the included angle 6. may have a value between about 90°and about
120° for example. The support ring 216 includes engagement features for reversible
engagement with a piston of a medical injector, which reciprocates the plunger 202 within
the syringe barrel 204. The support ring 216 defines at least one aperture 234 to vent air
back outside of the syringe barrel 204 and away from the fluid path. The plunger 202 further
Includes a cover 214 that is configured to snap fit over the support ring 216 into the annular
groove 218 defined by the support ring 216. The cover 214 also includes first and second

annular ribs 220, 222 configured to be received within respective first and second annular
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slots 224, 226 defined in the inner wall 206 of the syringe barrel 204 to form a dynamic seal
under injection pressure conditions. An overmold element 212 may be disposed over the
cover 214,

[0087] As shown In FIG. 12, an angle 63 is defined between the support ring 216 and the
cover 214 to define an air cavity 230 therebetween. The air cavity 230 defines a
predetermined compliance volume such that when the syringe plunger system 200 in under
injection pressure, the cover 214 and the overmold element 212 are subjected to axial forces
and flexibly distort to compress the compliance volume defined by the air cavity 230. Under
Injection pressure conditions, the distortion applies a radial force to push the first and second
annular ribs 220, 222 into the respective first and second annular slots 224, 226 and/or
against the side wall 206 of the syringe barrel to form primary and secondary dynamic seals,
respectively. As previously discussed, the air cavity 230 may be configured to define a
predetermined volume ranging from 0.1 mL to 10 mL. A gap 258 is defined between the
support ring 216 and the inner wall 206 of the syringe barrel 204 when the plunger 202 is in
a shipping configuration and not under injection pressure. Gonfigurations of the syringe
plunger system 200 shown in FIG. 12 under various states of compression are described
hereinbelow in connection with FIGS. 13-15.

[0088] FIG. 13 is a sectional view of the syringe plunger system 200 with a dynamic seal
shown in FIG. 12 under an initial state of compression. A typical initial pressure range can
vary from just above 0 to 100 PSI, for example. Under an initial state of compression, the
angle 0’s defined between the support ring 216 and the cover 214 is smaller than the angle
05 shown In FIG. 12 due to the applied pressure of the fluid against the plunger cover 214,
As shown In FIG. 13, the gap 258’ defined between the support ring 216 and the inner wall
206 of the syringe barrel 204 is smaller than the gap 258 shown in FIG. 12 due to lateral
forces exerted against the first and second annular slots 224, 226 by the first and second
annular ribs 220, 222. The included angle 8. remains substantially the same as the included
angle 6> shown in FIG. 12.

[0089] FIG. 14 is a partial sectional view of the syringe plunger system 200 with a dynamic
seal shown In FIG. 12 under operating injection pressure. Operating injection pressures can
vary from 150 to 800 PSI, depending on material and type of injection (e.g., CT or CV).
Under operating pressure, the angle 8”; defined between the support ring 216 and the cover
214 is smaller than the angle 0’5 defined between the support ring 216 and the cover 214
when the plunger 202 is in the Initial state of compression. Accordingly, the gap 258" defined
between the support ring 216 and the inner wall 206 of the syringe barrel 204 when the
plunger 202 is under operating injection pressure Is smaller than the gap 258 shown In FIG.
13 because of the additional radial forces exerted against the first and second annular slots

224, 226 by the first and second annular ribs 220, 222. Under operating injection pressures,
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the first and second annular ribs 220, 222 press against the side wall 206 to create a
dynamic seal. As shown, the included angle 8> remains substantially the same as the
included angle 82 shown in FIGS. 12 and 13.

[0090] FIG. 15 is a partial sectional view of the syringe plunger system 200 with a dynamic
seal shown in FIG. 12 under a state of compression near or beyond maximum injection
pressure. Maximum injection pressure may vary from 500 to 1500 PSI, depending material
and type of injection (e.qg., CT or GV) and in some Instances can be as high as 2000 PSI.
Under high pressure conditions, the dynamic seal formed by the first and second annular
ribs 220, 222 pressing against the side wall 206 may begin to leak. The threshold pressure
at which this occurs is known as blow-by pressure. As shown in FIG. 15, under a maximum

Injection pressure conditions, the angle 65 defined between the support ring 216 and the
cover 214 is relatively small or near zero. As shown, the gap 258" between the support ring
216 and the cover 214 has been reduced to near zero and substantially the entire air cavity
230 has been eliminated under the maximum injection pressure. As shown in FIG. 15, under
maximum Injection pressure conditions, the included angle 6. remains substantially the same
as the included angle 62 shown in FIGS. 12-14.

[0091] FIG. 16 is a graphical representation 300 of the maximum pressure that the syringe
plunger system 200 described in connection with FIGS. 4-15 can withstand after a sustained
period of pressurization in accordance with one aspect. Pressure (PSI) is shown along the
vertical axis and Time (mS) i1s shown along the horizontal axis. The tip 250 of the support
ring 216 (FIGS. 6-11) was nominally about 0.005”. The curve 302 represents the application
of pressure to the syringe plunger system 200. During a first period T1, the pressure applied
to the syringe plunger system 200 is ramped up (increased) from 0 PSI to about 355 PSI,
which Is approximately the operating pressure for one type of syringe plunger system 200.
During a second period T2, the pressure of 355 PSI is held on the syringe plunger system
200. After a sustained period T2, during a third period T3, the pressure is ramped up
(increased) until a failure, e.q., leaks, occurs. As shown by the curve 302, failure occurs at
about 420 PSI during the third period T3.

[0092] FIG. 17 is a graphical representation 350 of the maximum pressure that the syringe
plunger system 200 described in connection with FIGS. 4-15 can withstand after a sustained
period of pressurization in accordance with another aspect. Pressure (PSI) is shown along
the vertical axis and Time (mS) is shown along the horizontal axis. The tip 250 of the support
ring 216 (FIGS. 6-11) was nominally about 0.005”. The curve 352 represents the application
of pressure to the syringe plunger system 200. During a first period T1, the pressure applied
to the syringe plunger system 200 is ramped up (increased) from 0 PSI to a about 365 PSI,
which Is approximately the operating pressure for one type of syringe plunger system 200.

During a second period T2, the pressure of 365 PSI Is held on the syringe plunger system
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200. After a sustained period T2, during a third period T3, the pressure Is ramped up
(increased) until a failure, e.q., leaks, occurs. As shown by the curve 352, failure occurs at
about 400 PSI during the third period T3.

[0093] FIG. 18 is a graphical representation 400 of the relationship of sealing pressure as a
function of included angle of the plunger system 200 described in connection with FIGS. 4-
15 according to one aspect. Pressure (PSI) is shown along the vertical axis and Plunger
Included Angle 6, (Degrees) is shown along the horizontal axis. In this context, the plunger
included angle is the included angle 8- defined by the support ring 216 as described in
connection with FIGS. 4-5B, 9, 11, and 12-15, for example. The bar graph 402 illustrates the
maximum pressure that the syringe plunger system 200 can withstand as a function of the
included angle 6 of the support ring 216. As shown, at an included angle 6. of 90°the
maximum pressure is about 505 PSI. At an included angle 6: of 92°the maximum pressure
Is about 520 PSI. At an included angle 6. of 94°the maximum pressure is about 575 PSI. At
an included angle 6, of 96°the maximum pressure Is about 590 PSI. At a n included angle 6-
of 98°the maximum pressure is about 580 PSI. And at an included angle 6, of 100°the
maximum pressure is about 575 PSI. Accordingly, for the example depicted in FIGS. 4-15,
the data shows that an included angle 6 in the range of 90°- 100¢ the optimal included
angle 62 Is about 96°since this angle produces a dynamic s eal that can withstand the
maximum seal pressure required for certain applications. It will be appreciated, however,
that the included angle 6. can be optimized to provide dynamic seals that can withstand a
variety of maximum injection pressures. Accordingly, the specific values of the included
angle 62 and corresponding maximum withstand pressure disclosed herein should not be
considered as limiting the scope of the present disclosure.

[0094] Accordingly, the volume of the air cavity 230 (see FIGS. 4, 5A, and 12-15), which Is
defined by the included angle 6, of the support ring 216 translates to sealing pressure of the
dynamic seal. Another way to measure the effect of the dynamic seal Is to increase the
volume of air cavity 230 and measure the sealing pressure limit of the syringe plunger
system 200. The graphical representation 400 shown in FIG. 18 shows how increasing the
iIncluded angle 6, of the support ring 216 increases (increasing the volume of the air cavity
230) the dynamic pressure seal limits of the syringe plunger system 200. The plunger 202
sealing capabillity eventually surpasses the material strength of the syringe barrel 204 at 96°,
leading to a plateau in sealing pressure limit.

[0095] FIG. 19 is a graphical representation 500 of an optimal gap size of the air cavity 230
described in connection with FIGS. 4, SA, and 12-15 for dynamic seal of the syringe plunger
system 200 described in connection with FIGS. 4-15 according to one aspect of the present
disclosure. Radial deflection (inches) is shown along the vertical axis and axial deflection

(inches) Is shown along the horizontal axis. The data points of the curve 502 can be used to
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develop an nt" order polynomial equation that represents the conical dynamic seal for the
syringe plunger system 200 according to one aspect of the present disclosure. The optimal
gap size of the air cavity 230 can be calculated to produce the optimal effect of the dynamic
seal. This optimal effect is equivalent to maximum added compression for sealing. One non-
limiting example of this calculation is shown below. As the gap size of the air cavity 230 Is
Increased, a peak compression is reached before the component collapses in on itself and
the compression is actually reduced. Equation (1) below is one example of a 2"¥ order
equation derived from the data points of the curve 502 for a seal radius of 0.9944 inches.

y = 1.3722x2% + 0.2746x — 0.001 (1)
[0096] While various details have been set forth in the foregoing description, it will be
appreciated that the various aspects of the syringe plunger with dynamic seal may be
practiced without these specific details. For example, for conciseness and clarity selected

aspects have been shown in schematic form rather than in detalil.

b1 b1

[0097] It Is worthy to note that any reference to “one aspect,” “an aspect,” “one form,” or “a
form” means that a particular feature, structure, or characteristic described in connection
with the aspect Is included in at least one aspect. Thus, appearances of the phrases “in one

13 (i 1y (i

aspect,” “in an aspect,” “in one form,” or “in a form” in various places throughout the
specification are not necessarily all referring to the same aspect. Furthermore, the particular
features, structures or characteristics may be combined In any suitable manner in one or
more aspecits.

[0098] Although various forms have been described herein, many modifications, variations,
substitutions, changes, and equivalents to those forms may be implemented and will occur
to those skilled in the art. Also, where materials are disclosed for certain components, other
materials may be used. It is therefore to be understood that the foregoing description and the
appended claims are intended to cover all such modifications and variations as falling within
the scope of the disclosed forms. The following claims are intended to cover all such
modification and variations.

[0099] All of the above-mentioned U.S. patents, U.S. patent application publications, U.S.
patent applications, foreign patents, foreign patent applications, non-patent publications
referred to In this specification and/or listed in any Application Data Sheet, or any other
disclosure material are incorporated herein by reference, to the extent not inconsistent
herewith. As such, and to the extent necessary, the disclosure as explicitly set forth herein
supersedes any conflicting material incorporated herein by reference. Any material, or
portion thereof, that Is said to be Iincorporated by reference herein, but which conflicts with
existing definitions, statements, or other disclosure material set forth herein will only be
iIncorporated to the extent that no conflict arises between that incorporated material and the

existing disclosure material.
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[0100] One skilled in the art will recognize that the herein described components (e.q.,
operations), devices, objects, and the discussion accompanying them are used as examples
for the sake of conceptual clarity and that various configuration modifications are
contemplated. Consequently, as used herein, the specific exemplars set forth and the
accompanying discussion are intended to be representative of their more general classes. In
general, use of any specific exemplar is intended to be representative of its class, and the
non-inclusion of specific components (e.q., operations), devices, and objects should not be
taken limiting.

[0101] With respect to the use of substantially any plural and/or sinqular terms herein, those
having skKill in the art can translate from the plural to the singular and/or from the singular to
the plural as is appropriate to the context and/or application. The various singular/plural
permutations are not expressly set forth herein for sake of clarity.

[0102] While particular aspects of the present subject matter described herein have been
shown and described, it will be apparent to those skilled in the art that, based upon the
teachings herein, changes and modifications may be made without departing from the
subject matter described herein and its broader aspects and, therefore, the appended claims
are to encompass within their scope all such changes and modifications as are within the
true spirit and scope of the subject matter described herein. It will be understood by those
within the art that, in general, terms used herein, and especially in the appended claims
(e.q., bodies of the appended claims) are generally intended as “open” terms (e.q., the term
“Including” should be interpreted as “including but not limited to,” the term “having” should be
Interpreted as “having at least,” the term “includes” should be Interpreted as “includes but is
not limited to,” etc.). It will be further understood by those within the art that if a specific
number of an introduced claim recitation is intended, such an intent will be explicitly recited
In the claim, and Iin the absence of such recitation no such intent is present. For example, as
an aid to understanding, the following appended claims may contain usage of the
iIntroductory phrases “at least one” and “one or more” to introduce claim recitations.
However, the use of such phrases should not be construed to imply that the introduction of a
claim recitation by the indefinite articles “a” or “an” limits any particular claim containing such
iIntroduced claim recitation to claims containing only one such recitation, even when the
same claim includes the introductory phrases “one or more” or “at least one” and indefinite
articles such as “a” or “an” (e.g., “a” and/or “an” should typically be interpreted to mean “at
least one” or “one or more”); the same holds true for the use of definite articles used to
introduce claim recitations.

[0103] In addition, even If a specific number of an introduced claim recitation is explicitly
recited, those skilled in the art will recognize that such recitation should typically be

Interpreted to mean at least the recited number (e.q., the bare recitation of “two recitations,”
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without other modifiers, typically means at least two recitations, or two or more recitations).
Furthermore, In those instances where a convention analogous to “at least one of A, B, and
C, etc.” Is used, In general such a construction is intended in the sense one having skill Iin
the art would understand the convention (e.g., “a system having at least one of A, B, and C”
would include but not be limited to systems that have A alone, B alone, C alone, A and B
together, A and C together, B and C together, and/or A, B, and C together, etc.). In those
Instances where a convention analogous to “at least one of A, B, or C, etc.” Is used, In
general such a construction is intended in the sense one having skill in the art would
understand the convention (e.q., “a system having at least one of A, B, or C” would include
but not be limited to systems that have A alone, B alone, C alone, A and B together, A and C
together, B and C together, and/or A, B, and C together, etc.). It will be further understood by
those within the art that typically a disjunctive word and/or phrase presenting two or more
alternative terms, whether in the description, claims, or drawings, should be understood to
contemplate the possibilities of including one of the terms, either of the terms, or both terms
unless context dictates otherwise. For example, the phrase “A or B” will be typically
understood to include the possibilities of “A” or “B” or “A and B.”

[0104] Although various forms have been described herein, many modifications, variations,
substitutions, changes, and equivalents to those forms may be implemented and will occur
to those skilled in the art. Also, where materials are disclosed for certain components, other
materials may be used. It is therefore to be understood that the foregoing description and the
appended claims are intended to cover all such modifications and variations as falling within
the scope of the disclosed forms. The following claims are intended to cover all such
modification and variations.

[0105] In summary, numerous benefits have been described which result from employing
the concepts described herein. The foregoing description of the one or more forms has been
presented for purposes of illustration and description. It is not intended to be exhaustive or
limiting to the precise form disclosed. Modifications or variations are possible in light of the
above teachings. The one or more forms were chosen and described in order to illustrate
principles and practical application to thereby enable one of ordinary skill in the art to utilize
the various forms and with various modifications as are suited to the particular use

contemplated. It is intended that the claims submitted herewith define the overall scope.

-19 -
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CLAIMS

1. A plunger, comprising:
a support ring; and
a cover disposed over and coupled to the support ring, wherein the support ring and

the cover define an air cavity therebetween, the air cavity defining a predetermined volume.

2. The plunger of claim 1, further comprising a conical cap disposed over the cover.

3. The plunger of claim 2, wherein the conical cap comprises an overmold element

disposed over thereon.

4. The plunger of any of claims 1 to 3, wherein the cover further comprises first and

second annular ribs.

5. The plunger of any of claims 1 to 4, wherein the cover comprises:
conical cap;
a cylindrical sidewall having at least one annular rib; and

a flange to engage the support ring.

6. The plunger of any of claims 1 to 5, wherein the support ring comprises a conical cap

that defines an included angle greater than about 90°

7. The plunger of claim 6, wherein the conical cap of the support ring defines an

Included angle greater than about 90°and less than about 120°

8. The plunger of claim 6 or 7, wherein the conical cap of the support ring and the

conical cap of the cover define an angle therebetween.

9. The plunger of claim 8, wherein the angle defined between the conical cap of the

support ring and the conical cap of the cover Is greater than 0°and less than about 30°

10. The plunger of any of claims 1 to 9, wherein the support ring comprises:
a shoulder; and
defines an annular groove between the shoulder and the conical cap to receive a

flange defined by the cover.
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CA 03049207 2015-07-03

WO 2018/129116 PCT/US2018/012284

11. The plunger of any of claims 1 to 10, wherein the predetermined volume is selected

in a range between 0.1 mL and 10 mL.

12. A syringe, comprising:
a barrel defining an inner wall; and
a plunger located within the inner wall of the barrel, the plunger comprising:
a support ring; and
a cover disposed over and coupled to the support ring, wherein an air cavity

defining a predetermined volume is defined between the support ring and the cover.

13. The syringe of claim 12, wherein the plunger comprises a conical cap disposed over

the cover.

14, The syringe of claim 13, wherein the conical cap comprises an overmold element

disposed thereon.

15. The syringe of any of claims 12 to 14, wherein the cover further comprises first and

second annular ribs that form a seal with the inner wall of the barrel.

16. The syringe of any of claims 12 to 15, wherein the cover comprises:
conical cap;
a cylindrical sidewall having at least one annular rib; and

a flange to engage the support ring.

17. The syringe of any of claims 12 to 16, wherein the support ring comprises a conical

cap that defines an included angle greater than about 90°

18. The syringe of claim 17, wherein the conical cap of the support ring defines an

iIncluded angle greater than about 90°and less than about 120°.

19. The syringe of claim 17 or 18, wherein the conical cap of the support ring and the

conical cap of the cover define an angle therebetween.

20. The syringe of claim 19, wherein the angle defined between the conical cap of the

support ring and the conical cap of the cover is greater than 0°and less than about 30°

21. The syringe of any of claims 12 to 20, wherein the support ring comprises:
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a shoulder; and
defines an annular groove between the shoulder and the conical cap to receive a

flange defined by the cover.

22. The syringe of any of claims 12 to 21, wherein the predetermined volume Is selected

in a range between 0.1 mL and 10 mL.

23. A method of making a plunger, the method comprising:

providing a support ring, the support ring comprising a first conical cap, a shoulder,
and defines an annular groove between the shoulder and the conical cap;

attaching a cover to the support ring, the cover comprising a second conical cap, a
cylindrical sidewall, and a flange to engage the annular groove of the support ring; and

attaching a third conical cap to the second conical cap of the cover.

24. A method of making a syringe, comprising:
providing a syringe barrel;
making a plunger in accordance with a method, the method comprising:
providing a support ring, the support ring comprising a first conical cap, a
shoulder, and defines an annular groove between the shoulder and the conical cap;
attaching a cover to the support ring, the cover comprising a second conical
cap, a cylindrical sidewall, and a flange to engage the annular groove of the support ring;
and
attaching a third conical cap to the second conical cap of the cover; and

inserting the plunger in the syringe barrel.

- DD -



CA 03049207 2015-07-03

WO 2018/129116 PCT/US2018/012284




CA 03049207 2015-07-03

WO 2018/129116 PCT/US2018/012284

2/17

10~
N\ 18 2826 12

42~

U A - - S

16

Fila, £



CA 03049207 2015-07-03

PCT/US2018/012284

WO 2018/129116

3/17

100

‘ruEI.nU.Q -
2 ¢
W .!M.s . .."
4 s -n : 5 y
n “ ) o' 3 N“ _
" 4 8 S
-4 -
3 “ SETIE " z
- " Y L nu m.. )
y R .% . JY
' : - ) ;
) 3 ....‘ 1
¢’ % u _Avr..l'* .... J.i .._ .
£ \.sc.. F . _. -‘. .
F CTea, - G ] 2 \ __
£ Tt : _.
_.i.ii.i.ii.i.ii.i.ii.i.ii.i.ii.i.ii.i.ii.i.\s...i.is...iiﬂiiﬂiiﬂiiﬂiﬁﬂiiﬂiiﬂi\ L e ..\i.i.iiﬂiiﬂiiﬂiiﬂiiﬁ}ﬂiiﬂﬁiﬂiii.__...ii.i.ii.\.iH..M.r?...i.ii.i%ﬂiiﬂiiﬁﬁiﬂiiiriﬂiiﬂiiﬂi.ii.i.\s...i.ii.i.ii.i.ii.i.ii.iiﬂi\ﬂiiﬂiiﬂiiﬂiiﬂiiﬂiivﬂv
n 3 QI. - . o - - / . ..flo . . ..\lr . ltnb.
-r.Jv-. L ..\ * Il .__ . .-.\Mll.\ ”.-l... . - ...p‘.\. “
- " I . ] .nl!“ .. - .0 “n” : \
..v_] \-\.l?-l.l el s. mT %I.I.I.I .... o R.I.I.l.l.I.I.I.I.I.I.I.I.I.I.I - I.I.I.I.I.I.I.I. ¢
- Ollt‘(.(.\\ lllll..l.l.l.l.l.l.ll_lllll) “
i . ..... ¢ -v e 1
»_ ) ] P .....
V- - - A -’\"\.. .\-.
s aae L .. i 1 ﬁ.i‘ll..ll!i
- \\\\\\.. T TA - \.u.__ \u
..-q. ..... ’ S . .. »
.,?x\\\.\\\\\; “ o .."
\‘ : r . . !
o ¢ -.m o \ “
. s [ . . v
== . Y " »
v 4 g 4 i >
p ;. : T
] .
- (u..iv(:\..\..\.\!.\tn\(.’.\)....\\.\ > ow > .’ ““\M.- ]
. » c‘(i\.\\!.\.k)\r.ri.lhi.l.ll.l“lil .....
. - -3
- '3
. s : . ‘ . ‘
. ) ‘ ‘
v rdraannna ..............”_.”....uxh,.n..«.m\.ﬂ: ...v oy
- N I . »
[ . .v > >
: [ .\‘
: .-.

\\\.;-*“‘

: o
\\». R A g O \\%ﬂu oy .\.

s:
A
"
_l.
-l-
&
‘i
.,

|}
- l-
) »
X \ " »
s ) >
. hon >
? 20 :
hon >
hon >
o ’
g >
) »
d 2 »
7 5 i >
. -. ’.1‘.’..\‘ .
o0 ; H AEE
'\. \ ‘2 .." “ »
2 ’b R LT n nw S B . :
¥ " e L L DS I I “ ;
4 r L
- 4 x >
4 xr L
4 r L
4 x >
4 xr L
4 r |
4 x >
4 xr L
: 4 r L
A 4 x >
. . 4 xr L
R »-.\.‘& \“ “ k.“ .
- »-.s.... . “ lihuu-.-.l.-..\..l.\u..- O
E) . L .\.I .to .C. ., . - ‘ » .
AN 1 i SRS
WA el . ¥ e
V.f' \"..’4\ .IQ“. ' e ) AA oA e F‘ PR ——— Iulu!ulu!ﬁnh% “ .
Tt ... .)dn.llqu..‘b\~ - i.l(it.\.\..‘“-ﬂll..llll\.-lI(i((-(.,\..\.‘\lttol?}.l.ir;lr.\“ul » ’- »
. ..zp -.n.e 34 .... . . » - “ .
o e, N PN 2 4s
. Oui ./p V .“. - .I..Jn/\..\.c-‘.\.l..’ - - . S - - . > I_H ) “ .
m.!mﬂl- oo TN o / ._. LD T TP N
r ' e ? »
. ’ "% 2 et 4 »
s S ¥ - ;-
1 .our . y " “ ;
.. R f »
e g 5! >
- . : . 1 Jl L
N " P ?.. \ n ICM (ﬁ .
*s «ir.. . ‘el » ‘o -ll- ’ Qrﬂ. \ai 1.\.{‘ A AT 4 .
\\ r0u ) ﬁ}”h...n\\\u.c f.\ e -Ir .L\t. lu\hl.l.llllﬂhlibbb\ﬂ\ﬁu\\\&t}\}f . - H&b\.
“s el . ol -
F' . . . ’ - . .
xh Vt . ad..\ . . ..5

..
e : = . .
_ .
. ”.’““‘.‘-‘\-‘-‘b-’
m "".............u"'l‘u‘l} ‘
d

Ry
.

a

v
g
: a"

\
x

‘UﬁUUﬁtUﬁtUﬁUUﬁUU‘U'U'b‘b'U'U‘U'U'b‘b'U'b‘b'UU‘U'UU‘U'UU‘U'U'b‘.'U'b‘b'U'U‘U'U'b‘b'U'b‘b'UU‘U'UU‘U'UU‘U'U'b‘.'U'b‘b'U'U‘U'U'b‘b'U'b‘b'UU‘U'UU‘U'UU‘U'U'b‘.'U'b‘b'U'U‘U'U'b‘bUU‘UEU‘UUU&UU&UU&UU&UU&U\

'-@--------‘--------------------------------------------------------------------------------------------------------------@M;

lb)h..l.tﬂlﬁ?\\\ul...‘l\‘)‘.“\.ﬂi-l-‘l.i’.’.o..‘.‘.‘\.h....\.b.'-.%r\
r.o& * ' v s St ’ »
ﬁvi ‘-'V _... . ..' . -, .. .v .! i e »
fs\.. .Qa...l_qu?-. - t\ ..I..l ll\* '
. > . . . i’ K - %‘{‘%\.\.\-\L" L e 9. »
P d vt...r Ca- 58 w. j. ? .
Sl NG T TN '
L »oo. .-ftw.'.\ ..AJ.- . -d.-fm 'R “ -~ 1
T Vf. s..\ C.r ' .’. .- '. . &"“........II...I.-)M)A\I.\I.\I\.‘ : : "ov".-h .' ‘\\‘ﬁ
, e W, TS o 33 Sl
.)v_. v i.lc\\ B o r) K "4 \“ -~ »
R ) .\ . ’ 0 e e s e s e se we s 2
k roNe g ...... i YR = K >
. »
> A o I L ' s >
L 4 “". 4. K - / » .."
"\l‘l...l.l...l.l.r\m. ’ - Fl »
ﬁ , I v .
R\ - -llllll.l\ r ] »
/ . .. PR AP R . 4 . ».
.f-v . . .." \».\..\....(.t..(.c\\.\u- ~
- T T * N b v -;. -,
R + i N -
" " - ’,
., . v e b/ ;"%}‘i";"“ﬁ.
-~ ™ : s = S = O et
- . Ll - .! . \.l - - \.l.- . f...! . . \'l‘-
\(u - .OJ Id - - . f\ r' . .!. . bl -. - s‘. l- P.
. . T - e e ) - e
‘ .
, . \ .,,
A ) p)
"y 'E h \
. - . [
a kL
A "
. ! N N
- -
.. ’
LR 2 »
e et
ARRTE ) Bk L
X f
’ 1
f L
i ;
. to.\\.\.)\ ’

. e

Fila, 3



PCT/US2018/012284

4/17

CA 03049207 2015-07-03

WO 2018/129116

(A L)
Boos, {
".r m._ m M QQJ.ﬁm
o , y N
o . : ..HU -
¥ . .l...l(J..
A..f,,m e S ﬂ : ﬂ. o { .fm F“J
‘g ...,.‘. 4 2
.-. . - ‘ .
) ; SN T, B
4
~ : ; AN: o N
..\.\ -.1 ) “ 4 ...... ...._
v * ’ | . ‘ :
ﬁ \- ' ql.ol . L-.' .q ..— \. r
-‘....-.....-.....-.....-.....vr..‘ ...-.....-.....-.....-.....-...‘.o...-.....-... . ” - ‘.\\fl.\‘....-.....-.....-.....-.....-.. .-.....-.....-.....-k...-.....-.‘ .-‘....-...—..-.....-.....-...... .-.....-.....-.....-.....-.....'o...-.....-.....-.....-.....-...”.-.....-.....-.....-.....-.....-....‘ .
T e ey / / Pre | R S
o ot DA SETN e T e R S
..4..4..4..“4..4..\ﬂﬂﬂﬂ\ﬁﬁﬂ\ﬂﬂ\ﬂﬂ\ﬂﬂ\ﬂﬂ\ﬂ.\_.\.4..4..4..4..4..4..4..4..4..4..4..4..4..4..4....\-\ﬂﬂﬂ\ﬂﬂ\ﬂﬂ\ﬂﬂ\ﬂﬂ\\ﬁ\ﬂ\\ ys St MON L o ) s E...FEFFFF.
by Xprr” v ot
A ' S |
. . .. L. ST e a.\..\.u 4t my - M hol . «s .l.“...\tv..t . \.. l.ll.v.lll.l I.l“.t
; it eatel AR O TN X3
L E T TS “ \ “- _ﬂ “ “
~ ’ 1 .
R TR *
¥ Pigs o | r.
o o a “ . “
cTal s -
).r)h.h.lli.l‘“"ii.\l_l.\\.\.lu .“m. “
\.”.".\h.llll.l.ll..!i‘i.\u\.t:\tﬂc‘ t\'-. ﬁ
" .
i -+
.~. . : “
.:...?::-.-.\.-\\\hh\hw\\.\\\.,.i’ ‘ *
- i, e ¥
', LN L -. o 8
Il-lIlll.\”!.in-uhu..h.l..i.l.\\lllillllliiI!144.II- ﬁ
.-‘ rrrTrTYTwTw !.1.1.‘.1.1.1..\..\».\».\..\!‘\.\.\.\.\.\.\.\:\.\.\..\..\.\\“‘\ al-.‘ . . “
A u LB “ R
v R £ 3
.- H . in“/._. ", 4
roe . T ..oo'.f.- i 'y
e . .,...n.« . “
r e r " K.
1 ’ X .
1 ¢ . « \q\ .ﬂﬁ"l\..\ )'Jliu“
+ : A
. .\.\)ii.l-t-\ut.(—.u.ii « 5 .C-
. .W\W\%\\\\\i sl 3 h . .Vﬂ ““
AR s ot
v I ' e
- [ 1 - p
. [ 1 o ]
. i " .
. i s ; r
- ¥ i P ) r.
- ¥ i s ) r.
. 3
w L Cr
' ! R
x " 1 R
w L Cr
' ! R
¥ “ o R
¥ T 3
by )‘v“‘ﬂu&‘(llli.‘“!l..ll.’..ll.ll\\bli..il‘dlﬂuhh \. ' \
N . , \ .“hﬁ h..l.h...r..v..vkll‘..\.k-l)l)l-l.‘v!r\.\.\-!.lll.’b&.‘\h\u.l!u.. “ “ “
L -”.. L hhb\\\iﬂ.‘;.\.ll’t!if.\.\ .1...\!\'“. “
i 4 ? ! 'z - #
.. ' i % 4 “- - p.
. . . ‘ - .
AR b3 e res 'z s
“ # . & “ 4 ““ L
“ 1 “ N v 3 T 4
- . . 1 [ | N
’ I T G & r ‘0 5
“ * a._O.-. ¢ M.m “ r-a, #e " P
SRR S X R SR . L ‘) x s
Vor A" : . = r A 1 N
oSN e h /... . 1 2 ' ,.“u.. b
] Yut c*,r .a.vo pﬂd T " « ﬁ amasaaa l.l.\.t?\..\l..\z\. R R
r## “y k&h Yo .KO.- ls.v . l-v ) /...o ‘\.\..I-I.N..l-h.h..ll.‘n" F 1 -
. o s, F T, . * ,, . 3 3y . i< Fot )
& >t . s 5. >, e e I.N .o ‘o : “
4 I\ cah . -._100. ) ﬂﬂ ' n.'.,. t.f,- . .\~I.?‘ fa .t...ll.llll T L-.\\-l..tolo.‘.nlcll.lll.l.\l. “ [ . \
+ et b -a »J-d -fl . N o P A A AL R R Y 'y
x ] . . . -9 . :
& y 4 ', e . ‘o . “ ‘ : “
-, " ,.M/A . R): Ja /4 - L
++.o \ ! "y © Ny, R . .t.& .\.“ s /!!.lliunduiul.llt.lbi.\. ‘. “ 1 . “
. R FITTN SR R +
¢ 4~ .- ’ B . N . d _
&+ \ T SN2 ,f .a\s 3 u i \ 4 ‘ “
#.f + } \\ el .Jn.- l.l.qhh./. ...- tb O i 1 R,
+ J Yy ¢ e e \ -.-a -sp ..h- t 2
& ........\ ;. ff . v, w ! - e
7 L i CER - N NS e ‘ 3
“f \ A \ﬂ vt.. Wl Tﬁ wa \L \\.\l.o. [ 2 “ “
N T ;e eN : )
§+0 \ ﬁqh ’ .-c.. o-l ..yajl. chh. .“{Iml.tkﬂ.uut\t..\(( CE TS . . .\t\.ﬁ ) “
A T, T R Rty &
- .“ A a . .. . . . .
- o RS ) . 1 ‘ 4««# s
s e T I%E “u b
\-tc ..lu.. / . ﬂ..—. g ‘ll“ ﬁ
‘ ‘\ .. ou -ji)n.;.. .t . wwrsese s s wxxaasssa \
.\ M " - ...o.Ll..- \Jﬁ(i.ﬂ!(lll.lillll..ll e
ey R
\.\.\ iy : u\ \‘.\ !11......[..!.-..!..!» ..“.
‘tw ) S . .“l.\.\ulqi.nlul.u-.n!uldidlulu-ﬂ!.lqﬂuhu.huhwhuukhk}ll.\\i!.!u!u!u\l.illI -.rlﬁ....!l.l!c. ) ﬁ
1 -\w-.-.... b.c .n.v.\..\..\..!(!.ll.!.l!.!l.~ﬂllll.“\--.uok1uhullli.il.l.lli‘ - p.
&%. % ph. LS 11. . -“. r.
ﬂl m ....M s\\. A .. - “
‘ e l‘.-... : .“.\\.\0 o= ).0 f.&%.. c.‘.\‘.\o.\l.\..(i.( 4\“&‘% “ “ 8
ct I W . . - S
. el e, ;o 3
ﬂlm © e .. i : . F 1 “ R __l.l*
~ kl.‘... .”t\\. o= . -v . ) . . ) . \-.“ . \5‘ ﬂ
() B I A I e e SR e R T RO, S T g
F R e St \o e e T - “
\. .QHVO‘... “ . e .-aq *l-‘\ ‘\Aﬁ&- ﬁ
{ /m . T . o ..._M -~ s
- . X T 2o 3
0 X Sedrprreed. Rl ) X3
A S I “\sr‘.i"t.!s. \ “-.\....v. ﬂ.- 4
e, P A . . . /- . . ﬁ
2 :.l\ a'm 9 lrﬂ\v.-“ -»-”. . i ‘.‘.\.‘Equukwlw
-:lr. .\ﬂ . ? .v.n : .rqc .
.rl . ‘“" .“ I \
...i.........i..........1......i.........i.........i.........i.........i.........i.\......i.........i.........i.i.i.i.i.i.i.i.i...i.i.i.i.i.i.i.i.i.i.i.i.........i.........i.i.i.i.i.....i.i. \\ . eEE LR ECEEEE R
Y "' Y - v l‘ ...l |I|lr'|I|l|l»~l|..il |I|l|lulnl.lulllululllrlullluluInlululllul..l.‘ul.l|I|I|I|I|I|I|I|I|I|l|l|Inlululllululllulul|l|l|Illululllululllul.‘nl.lulllulul.
: i B R ’ T ﬂ_ e T e
u{%m}ii%‘s o " \%ﬁéi
' L

" -
-

- e wraigio i -k &R R
o .
. .
.
-

H*{..ﬁ.ﬁ

Fi5. 4



PCT/US2018/012284

.\..\.\.\.\.\.\.\.\.\i\.\wﬁﬂ.\i\\i\.\i\.\i\.\i\.\i\.\i\i.\.\.\.\.\.\j

.‘I -y .

- a..” ... .e ?
r. S
pe Y 4
+ . A - nu“ -
- P o Dy
. H ‘ ‘
i T R . ,
o o Y TN L5
S AR SV S
.~ -1 . '
y 3 A . 2 / 4
_ ' 4 - 1& i
/ 3 3 2 N b 2 ; \
. e k : : _ '
g ¥ ’ \ : !
| ‘- ..r \!h K -Aa- __ ' I
- . .\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\V,A)Miﬂ.\iﬂ.\iﬁ\iﬂ.\i.\\ m\.\.\.\#.\.\.\.\.\.\.\.\.\.\\..\.\.\Ar\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\iﬂ.\ﬂﬂi«.ﬂ.\iﬂ.\iﬂ.\iﬂ.\iﬂ.\ﬂa

I Ay .
. \. B S Sal
.... ! T A . e
“.............. ................................................. )

...S.\._ -r n.\._ .- ...u ..-x...... }

!
!
I
|

.rf:.w.”i. ..ﬁllllllll..l.ll_ﬂlllll.l.) .
! i g - u 5
i 4 “
-..“-..n. ~ PR il
, \ . -J\-o./u
P
¢ 1
*. -
& “
Jg. '
\n. -

- - - . . -
.!il\@.i a-llll.l.\.!.lu\uhhnunuuiuu.\.\\l
M A A A A s A AT

Lol [
.Wf -DJ.( \- 1
. . sLat \. [ ]
. - - . >
- o
. . .. DR e -‘- 1
,.r- e . . w-u -.a. 1
-
l.r...kl-t.t\t-\\illlIl.l.l.h.l.l.d.(d)\ .\.ﬂ..\\t..\v\x.?j.
.‘.0 %\\%\.’\‘.‘t%.’\\.\\\.\ F i
L )’. .\ k ”
: <:> . et P
- ., - y. .

;r?e;"

.\-A.-.'_, !
- - - -

*r'versuunw
\Q
+*
F/
Sl
& P :
P
~ .

.__

AT I IS EESEONPLL LS b \ \\ . ..\ .
() PP y ' :

{?ﬂ:
A

M

.n
\
.--.-.‘..--.--.--.--

ey

vewwwwrwwwwwwwwiex

E-'(.’.\.
- iiaah Al b 0 2k A R R A ——
ii..l“.hiliiib-‘n‘.\.\\i\g\.-

5‘.--.--.--.--.--.

-\\-\‘.’....o.uuuuul
' -
'

Iltthhbb.)\.\.a)\!.\llb...l\.\

:

17

/

‘_“."".\“ﬁﬁ.\‘h“" _“ o

AT

FiGz. 5A

CA 03049207 2015-07-03

WO 2018/129116

. . - - - . .
e RN ’k.‘q, .

r -
' . .\l.b.‘l.l..-u\ \.
A 5. ;
. »
e <A . J
= =, L R X R
S S M...rasc.ﬂﬂﬂﬂ.nﬂddﬂdﬁﬁ\i\\i};tuh..\ “
T . ¢
"\ . = ¢
. POl AR AN . Fa
-n » W S A e
.......-.....-.....-.....-.....-.....-.......... . -ﬁv ” “ " 'I.t-‘-‘. .h\n\‘
’ -\ - . -
I 3y
e S -3
- - ’
Y ’
- » ’
\ R ’
s TN e
\ . \l.\u”“ill.l.i‘..l).’ . . \u?
TP e N N o i i T
\ 4 ¢ .-. . .“.Isr ‘l
N g RN A A,
g ' . “ “ Fl - . .T\
gy o b4 L "
’ .../.. ' . ‘e,
e R e e P
. .-,tl. " tf A A& AL L.\-‘.\L}\.\\.‘\t\})‘}‘b\.
A4
= oy
. O f
o .l“.r!.l.\l.l.\l.l.llllll.’.’.’.’.’.’.’....o..o \ ‘\-ﬂ\..\\..\\.ﬁuﬂi"&lﬁ
A - - 1.11.1\\‘.\.'.:-
. l..n. .l.li.I...”.b.r.btla‘.\.-\lril.‘-.‘r‘)‘r‘.\.l-l.l.l.lsv.’l1‘11‘.\‘.’-’5. .
o \‘Q T ... Al . -‘. :
rENX D csowvwewwwFFirEE Iy | .
e vy B e el
. - 4 .
.u'b.f. “ 1 i
s . s 1 .
-
St . . . . . . 1 -
. ,\.(n.\.i.-..-iu.! d..l.l.l..l..lll.\q\\“\.u-u-}..Mi. “ l\.l\. .
. o o' . L
LA N . ..”I.
v . e .i-.\
i uxttkt P
U0 AN " A
. . . et 1
- ‘ O |
“- .u..l.i.l l.l.l.l”\ - -nb.\l . "v ) “ . = “
- - » .,
" -?l»\.l‘)lol‘.lh N I ..\.
.\.\.\. l- Y ww el . lv.~ . L . .
>y : SIS ¥ L % SR
. . - . v .
\.1.\ - ) - 4.\ ¢ ‘e * .
¢ ;a - ---- ' .c “ ..-. : Yt
/- - . X - l-"-l - - .\\».I..I-.I..l..ts » - ‘ ..
- - - ) .- . N o o o o o o o o
e . — . r . PR A R y -
e .. S LT e ¥ g ngint i 4 RAA ~ o/t o
P = - . < . v . E ., - C g - fal
= - . \u!.--. - sln ~ ".. ol\..l . .\ .lu..' . .\l e - . .
. -t R . .\l\ R . Q( . . \d . - B v, \.I
IL- —
8 J |
Rty 4 ?ﬁm S
l‘-\

L)
4
.
F
-‘l
»
’
.-
-‘.
]
F
]
T,
-_%.
4
A
1
L
L}

>



PCT/US2018/012284

'.,/"ﬁ 200

6/17

CA 03049207 2015-07-03

WO 2018/129116

X .. ..“...W.H._..“....

\.\‘

v
TR
L4
L]
T

v,
v
8 ’ o,
} -I E “ .
ﬁ“U 2 4 " 7.
g N , L0 p
: 2 mHu 2 ! e TwL
3\ . _f,v .J. ...\ 2 “ .v“ .
a— ] v‘ .
L Ny n...c.m #, _ / : 5
3 -~ * ’ 7
_\ TR A ,,_ Firini
.\.\.\.\.\.\..L-l-l-\-l-l-\..\.\..\..A\..\.\.\.\.\.\.\.\.\-.L-\.\-.\.\.\..\.\.\..\.\.\..\.\.l-l-\.\..\.\-\..\.\.\..\.\.\..\.\.l-l-l-\.\. r'd \.\..\..\.\k‘.\.\..\.\\..\.\-l-(-\\.\.\.\..\.\.\.\.\.\.\.\.\.ﬂ -\..L-#\..\.\.\..\.\.\..\.\.\-.\.\-\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\JL-K-\..\.\.\..\.\.\..\.\.\.\.\.\-l-\-l-\.\-\-\.\\.\.\\.\\\.&-\-\-l-\:\k-\-\-\\f‘ ) .. . \!\.\.\.\.\.\.\.\.\.\.\.\.\-\-l-l-l-.\.!-\..\..\.\..\.\.\..\.\.\.\.\.l-\-\.\-.\..\.\..\.\.\..\.\.\..\.\.\.\.\.\.k-.l-l-.\.\.\..\.\.\..\.\.\.\.\.\-.\.\.\.\..\.\..\..\.\..\.\.\.\.\\.\.\..\...lq\..\..\.\.\..\..\.\..\.\.\..\.\.\.{-t
vv - 2 - . - . . v . ..‘ - Lt . - . > . ls. ............. ( ........... 0 .......... - 0 ............ . " l
S el M. ANl ot | L SO UUpUpR) o). N, SOt .v ........ e o P UL e e e e e o N B
............................. _.........s. ..4.... _‘ .\“ .
I T - & Y
” VA ek ﬂ\\\\V\\.d\ “ s
TR S < 4
; TIAE s .‘ '\
. oo “ ‘e -~ 4
“wa¥ R e aeamesa A ‘¢ - 4
2 \\\\\\\\\\\u: R 2 “ “ “ .
. . . 4t -~ .
-lll\.\v.\.\\l\\.\\h.\\\.\ & H“ FR2 ‘ “
.. ’ . s.n\lr\-\.\-\\\-\\\\\\\ 7 - “ “ ““ o
\ o 417 7% u 4
\ RRY 44 ; g
. \\\#E\\%\\\\\\\\\\\&\ ;._. M “ “ ““ “ ““
'/ - ..... \ . .\
N = . 4t -~ .
o e A A A “ s\._. ‘s 4 < “
L .\4.\.1..!\.1.-11\1\.-\\\\.\.\.\\.5\\\\\b.-..\.‘.\\\l .\ ” P < 4
) 7 .i..‘.\.\‘\\‘\.\i.!l.i\..\.\-\..\.\-\..\.\\.\\\\\ -\.\\.\lN \ \ 4 8 \l P
v . R e ‘4 “ -
A SRR 7% " 4
A L S | / :
e g - e, e .. 4
ey . el et / - A
' ¢ e e’ et 4.. y
7. .o LR SRR - .
{9 " .« - R.\\Q L ) \l .
2N SBERIOS Py : :
- - \* - . . . . .|l-‘- . . :
e .._\““ ..... i . \\\.\.\. AASTIIT g 4 “ 4
A5 . . . \ . = . S A .
- s 4t -~ .
Y % /¢ % ¥
.4 L7 ‘% “ -~
‘e % ‘ r o 4
’ \Q» ¥ § s
25 . BEEY ‘% ” 4
R A A AN ARAAS R AT R 7% ’ g
“W ..\. o ”u“.\..\”.\u\.\o\.L-”\.\..\..\.\q.\..\.\.\.(uultq\q\ \. \ H““ “ “ “ “
.. YR .
5 5 1% 7% “ 4
;2 Y ot % ‘¢ o 4
v e o ” 4 Pt -~ .
d e - st - .
o \.. .“\ “ ” ) “ “u “
“ ?, ”.“ v Pl “ # - A
5 + 1% 54 : z
9.7 0 A 5 < ¥
- 4 e % i r - 4
: ‘x l. . - '.‘.I.‘\ \ \ ) .x
S R \\\\\\\\\\\lb i 3 R 3 ‘% “ -
VN C R O A / b %
‘.Qc. ¢ : \- . i 4 .9 4 8 sl \
N s \\ LG sl Lh ‘44 o Y
’ ‘\v. ’r § -.“I\‘\“. - w ..... L 3 \ . Fwwran I\\.‘Q‘ . : k ‘. \‘ .
e AL e ERE % n -
.. ............. . . . k ‘. “ .
2L RN 2 z z
e o T IROC TS S PO P BN S /¢ ol 4
“.\ - s wrw .io-.ﬁ. “. p/ 1 \l “
.4 L7 ‘% “ -~
X > : 4
oV /’ PR3 -~ !
Tl A ¢ - A
K I S.\\x\\ . W ¥ “ 4
|‘l? -v~ ------ \\l\l\\\\\\\\.....\\\\\".\ » l*-.-. ““. “ .“
PR . . . .
A Y ‘% “ o
£ % ‘r 4
..\Qo \nn . 4 .ﬂnuq --” k‘. \‘ .\
o . .“ >y “ - .u--..- o, n..-u '.l‘u“.. “ “. “ .x
- e = t&\- .&w\. v(‘«. 2 .Q“..‘.n e ’ .o\Al-\.\-\.\-.\nlllil.ll\liq.\!..ldh..c..\...l“-‘ “ r \ \l “
L ~0. -....Ja .-n( ” - \..C.U-\h“ : ” \Ia\t\-\a\.\l ) \\.\.\\..\\.\.l.l.‘.\\ .“ “ “ ]
£ - L e Ly 1 i 4
+m - .H .\n\ﬂ.4.(.4.4.“.”.4..!..‘.w..!.‘.‘.!.‘.‘.(.‘.l.!.‘.‘.!.l.“u....l.r.l.bnr.'.\-\w\\\\-‘. \¢ “ “ “ .“
R T Yy ettt ) o
..... ..\ “ “ “ >
.\ \ ‘. \ .x
..... g ‘¢ 8 - s
- vt - s
e e ,n..'l.f“ s
LI BN R R EREEEREEREENEREEREENEENERENEREERBRR;R.) .\ &" “ .x
LA R AR R R R R R R R EEEEEEEEN) \ \k‘. “ -\
4 - é - H“
4 .t “ 4
LN % ¢t - A
atmy 2 ‘2t - 4
~ vt - s
.\ \ ‘. \ .x
.\ ‘. “ .\
% e \ 4
\! h.‘.l‘!.h...l.ii.l we 4 sl \
?‘Ah —_ ‘. g c..-“‘ \l S
LT LA 8 -ab :
T . o . - R 2 R, - )
Y rAIIS, .\.\.\.\.\.\.\.\.\\.\.\.\\.\\.\.\.\.\.\.\.\.\.\.\\\.\.\..s.\.\.\.\.\.\.\.\.\.\.\.\\.\.\\\\.\.\.\.\.\.\.\.\.\.\.\\.\w\.\.\.\\ . .\%«“\.\\ \\.\.\\.\.\.\.\.\.\.\.\.\.\\\.\..s.\.\..s.\.\.\.\.\.\.\.\.\.\\\.\...Cs\.\.\.\.\.\.\.\.\.\.\.\\.\\.\«\.\.\\k\.\.\.\.\.\.\\\.\.\\\.\\.\\n,. ........................................................................ M %
\\\\\\\\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\\\.\\.\.\\\.\\.\.\\\.\\.\.\\\.\\.\.\.\\.\.\.\.\.\.\.\.\.\.\\.\.\\..\.\\\\.\.\.\A.\.\.\.\.\.\\.\\\\.\\.\\ﬂ.\\\.\\.\.\.\\\.\\.\\\.\.\.\.\.\.\.\.\.\L..\...\.\.0...\\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\\\.\\\.\\\.\\\.\\.\.\\\\\\\‘\ e n \.\.\.\.\.\.\.\\\.\\\Y\..\...\.Y\V\.\.\\\.\\\.\.\...\.\V\M.\.\\.\\.\.\\\.\\.\..\\.\..\..\.\.\.\.\.\\.\.\\.\.\.\..\.\..\..L...\\.\.\\.\.\\.\.\\.\\..\\...\..u\.\.\\.\.\\.\.\\.\\.\...\%..\....\. .
v - -
\ 1 h
\ . . e %
< oy L)
‘l . . l“ .
¢ -t
?ﬁ” 2 2 “ e
, . ..
N N e
) N
T,
b
u 2.
ek i
~
\\....\.1.\

Fiz. 5B



WO 2018/129116

CA 030492

07 2019-07-03

PCT/US2018/012284

7/17

\
I
LWL R “"'\:q.q -
//

4
. ~h\ ',ﬁ.\\_ LR
v SN \c\
- \ -\-‘.I .

R .
-\l - '\ s /
.,4\".'\‘ \ \\\*"‘R N “. / i
: ‘Is‘\ ' . M - " ‘.\‘. B b—j
‘..v?f‘ R CRORCL: B i . 4
o / . ’
? E : g o w. o ’\;.’ /
eats \_'o. /./ B M ,‘,
W - .
\-\ ‘\"‘"%“\ A '\‘ .J
. PGSR ..‘-s \(. .\\; ¢
"\ (S..' i ‘\\ ;‘ N ‘\ (/
RO S R
\;"_t \.\'\“‘ ;\ l'_‘ \; . N
ST Ay N ‘% :
N ...? \ t»\ . X .t::,.
N . \\*" " .\"' "':?'
" ;‘. (\‘\.’\K\} .': *"\\\t\\.
SO 8 Tin,
‘l. .-\ ,:w. . T Ty ;
‘.. s 4 q .\. ‘. . :‘ (:.v -
. 4 L \ - -
s - -~ ¥ - - - ”~
‘v - ., s " s -
N L o Y. N ot ™ "-%4
a ) a \ A ‘b\\' -
..v o r \ . > \b . R .
. ‘.. ~ ‘v . ‘t . ) \\
',.\ \ ‘-. \'f. l*. \.
» SRR S oy A / BN
v & Al et . N ‘."" L3 LA
> ot - I A N o
; h o &A™ K \
:' "S""‘ ~ . . "= = ..' .\ x~..\\. K ::\ .
v A n, . , . < o - A '
: SN AT T
{ oF S . / \&. - N
» \6:' - N 0:- ! ) N\ .
. ‘:% ‘\Q ' \\“‘\‘..\k x{\ EREL NN, '1\"1*\'\\‘.‘ \g- ) :. t
;'.. \ < % '."'.‘ \ i/ u W~ 4\":‘.\." o .-' ) '\' & by >
LY - N ‘\ . r B . b ‘o ’ n *4‘1 " =" ;(
- :"'. A“' ' t‘T .-;.( }\ h %.,} \( Jl ::‘. e LN .
SRS 2N AT B 2 S 3 2
o . \ St A ‘ Ne. N > o« } e a\“\»\“:}“\\“‘"\\ . v e,
o~ . - \ 4 -:i /" 5 D A . or S, R X AR
o LY Y NN S M ! o, % N N
‘v “~ \ . WA - Y v f . 0 o -0
:‘ ..\.. .. k\ \.\ AN L, \“N ) s %. .- . v': \'
e .‘- A ‘.' ._‘. ‘% N . » ‘.a 'I\
3 N NN ‘ L / 4 Sy
:- n ~, : 3 p 53 S5
~ ' By s R *
‘t’ ?;. .\‘ ‘. '..l. :‘ \
o r "‘ ,. ... T’
_'3. \c - ° \:‘:; -.'.‘ ;’\ ::
N AR W YO '
i PRI e e\ SR o 3
N '.“\m\."\“'\‘-' o A N N o »,
AN A - ,\.\;‘ys\*.&\\\-&x:}_,- " A ¥
-i '\' \“\ \‘\t.‘-"f‘\. ’ \"'\.\\N,‘\“"\\'w\\.' 'A\ A R
- . » ‘u'tn : 3 D M '+
“ e ‘\:'\ ' &;?5\ ,..'*v . -c ) N
TN e o o P
f‘ \'b‘.\ .‘. 4‘.- + 4 "
o3 - S &3
\ J\ '] "» .\‘ o ‘\ r -,:! '.. ;V .‘.
* YA A SN -,\;-%‘\ﬁ o Iy ;:" -
{ - \\ . - -h‘;‘ . \\q\‘\_g“’\.\\. .‘;'\\‘\\‘.,\\,“\ H\\"‘. ‘.‘ ‘;’ .‘;’ .;‘
- \;,‘ "_\ i \'\\‘ ,“4 ‘.b\.\'ﬁp‘p\\?‘l‘\\q‘\'%é,_\"g“'\‘\\\“\\s - “.., .y ) ‘.’ -,.. .:, .%.
‘\, DU O . ! Wy om .’\. »
\ N \:Q . .".‘\ “vla e \'\‘\u‘- ‘ -\\_\ _’;*\ .;;s \
g\. f.\ I D '._\?\'\4,. . “,&\%‘\. .'\‘* B 'y . \..~ - —ﬂrb,s?. _h*\ . r‘.
. . "‘\\" - r...\\\ ’ ’ ?‘.\- :“\\.\ - . ‘\«’\ \‘.\\f‘ .‘:“ ‘\w\ ﬂ" & Biatad - J
N e PN, e AN O e AR Y RN I Al o d -
.‘\.- y - ..%‘ ".Q’h ..-‘ ':?
R e - >
e \“\\‘\\ . . \ ."‘q"’f\* " ‘..'\‘. “.\} ‘:.
\\\\‘\‘u A ) SRR L e A A\‘»'u\‘s\;‘:‘\"' A " w'ee T < Qc"‘\ 3'
- % - . 4 .. .4 . \ . ] 3 LJ
FARNNS AR AR AR e N RN q.xs‘"
et =
Ay \s.\.*\‘."*” B s\“\
‘ v ~
NS AN T e LA s wnh . ¢(~
2 ‘n!
gh
\«}\
¥,
. &\\\\
O
A
R e
\\'\:‘C . \\;\\-}q_\\‘_\
RN e
A R
-‘é j G o ﬁ
‘) ‘,Ei
d:.n 4 :z * -
\v\..“I'ltl\‘;.\-.‘-.‘-*“ e m e S
.“’\-" s EEENL A S \“' /
o ' an AT it AR W !
"t\‘\‘ “-"'t."".' ;;“* i\'ﬂ\\\"b-‘?’&%-‘.‘.\.‘.‘ LICNEN -"' $x’\\ / - ? ‘f
T o A e PR T RN L U S -
v N m’.\-:ivt-:?;{;wssr-'-:-‘-w-------:-.-.‘. YA NN d an L
o W AT NN i N -
.“ﬁ,:*\ . ._.,‘\‘ AN .\\‘_:‘_\-‘\ ' AL M= \..\_\;.:.\_ N s
) .4‘\‘\‘\ R “w ":-‘-\"\ :’:“\ \ . "‘\. . ‘x » ‘. » -“- \‘. .
"“\*' ‘)' “‘_\’\'. -,'\‘\- " . '.\._ v,
- h.:- &{Q .".' a* "...':\. o~ " ’ .;
v - N » -.toa
\
. - > - - - .\\, -
. .‘4 ' ;;\ ""g‘ ‘\'9:\\,:‘0:" e ."h.-.-.t“\t 0\-\‘-‘-'.’.;‘;‘._.,‘
DO 4 . & ,'\n.'k\ N N . ik R
.;.\ "‘\ ‘\0. - \,"\"\ = : LR .: \ ,.\'
- I‘ “ “‘ S .,* -;"r\\ " '\
" V:\ Ut 0,\" ‘u N Y - A
Rl & Il';s‘t'* o o ' '« v}\.‘:‘
+ r- \“‘ -":' \.\‘. "? ;‘.'* \.I ig .:“ \._ - *
s e R N 2
1‘ iy -. ., .b - = - - . -\ .
'-3 \‘ N \.' “‘- Q'- \\}.:'".“ c -\\~ \\'.\“9’ “‘-\_ N‘ \.\
\ . , .‘ [ ] c, - .- i
\ .~b\ u;\ \\‘ -.‘1\‘ ‘\- ‘4'\ \\\\ ‘\.
« ﬁ‘ ;l -L.‘ N l.. L] '\ \\ ".\ )"
X 4 . U, - N N
' I. ‘.‘ '\* ‘» < ' o \'.\\\ v“\\
; . . N . - .,
\ _: N ':.' L ;.‘E:‘ _..\\‘ _.“’B\ L . \
\‘ ;: o \".- ":.;;»‘” n::::-“&. ‘f N
Ly & e N ' N
.. .$ ‘4 \\ .« ~‘, / Lo "%'.
. e A N, K I R
et NN 4 S' i
. N - N \Y / - N nt’
L} v - \"~"’.‘. N ’ .‘I O]
N sl F $AR
. o N . e
‘:\ ﬁ. } ‘. ,:.-!: -.':\‘ £ " .q" N \
£ & ; . %
\ .‘. a l. ~\\ S ' .\ '\ N,
o ‘1_ . |‘| Py . r. (' -\- \\‘\
4\. .:l } .\\:0.. ;\ lf ‘.._ l\ "\
L | : . ‘q LN > . )
:' \: .\' -‘\‘:\: .'.. “l \. X‘ .’ . L ’:‘0\!.!'
:.. > '.\' ".:\‘ \. - -;. l.\‘\:-' " . 2/:\~v\\ - \’ : I“: "’-.I "1\
. ] '\ “‘....“ - \\-\th . . - _ ;q-:\\; _'/' it .\' s \ 1‘ [ \ \. N,
ILN. M N'a's \)‘ \\. ’ . a'n - . \_-‘ CRRAEIN A . . W
RN R '.\\\ . N KA 5 \ A N N now NS
5o UN N NSl 3 o BRI w b e
‘\ .I .\' .Q. 'I - v 4 L. ‘\‘\: l.l \' q,. "‘,.,-a-""ﬂ N '\.‘-‘\ .ﬂ . \’ J . \.l
$ 8 TEe eI S ~ S ROBRN nOL RN
' :\ S N |‘:' to' Ay \V\' \ . {‘ . - Y 'S .- L L :. :\'\T\
o AR o SRS e s by X , oo AN
PEogE O f 8 Eg T T
v, A ) L B Ly A ,"‘ * K - b '\ o owtt
. n . . .
Tod e ISy 3 3 R LIRS IRRN
O S Yy &N R 3 X .: 3onood g
LI Wy I I . t 3 " e " h:é’
NN OB Doy & . < 3 . O X0
vy s IR 3 : 3 -: SR 00
e v b L] . 4 ‘a's L] s - -
s A RN o P Ty 3 . v A
Ty OEYw Yoae A TN N N SR R
.‘i.' :- T.' \ :‘:‘l “\‘\,H;:'{ \. \ ¢ =% et e e .aa" ;:' ::‘ . ‘l: q: .:::
N A CO ey Y \4 X \ '« - Nl \:\‘\\ b : LA,
. 1 Yoy n‘} ‘\‘C N L Ca'w DO et ) " " . .‘ w
w % ., . . N N A bt S e KN NN RS
.: .. vh -\ .: |: I\. ‘l \, \‘ -v-q‘,‘,“‘\'b‘ LY } .: ., .. ‘:1‘;’-
v ’.‘ .‘; Ry h s\\‘-& - - .',‘-.“_‘.‘_,.-\-‘-"\ by R .\ .q: \{\"
' \ :‘l 4 .0 \.'. I\ : v\ ' "u a " \.‘
S ‘{ R S 3\'.; = S ) 3- o
. PR, qN > IR SR SO
’ LN AR ':' - 1 1:4 S
by a N . L] e N
}'I ‘. .\A . ¢ ‘ } '\ '.l.~
¢ o \? \‘ -‘r - e’
o - v o RN
e > now noAaN
el Q:' N . &: }h\"
" e e (SN N - . A ."-'h.\
o N “ ‘}“ a -é N \‘ L NS
R o 3§ S oFEs
. ."‘ ;. \\ . ‘*C :" “.l . .\:‘
o N\ o “ > ~ ;:‘ 3’}
P S - D a AN
- S, & § 8 Fas
N \'\ ‘\'“ Mt W N 0 . U R
o ~ LR X4 > & - AR
g .. O W . § & Nl
. q_\ “‘é \\" - 4 " Yt c Y e
. \ L PR Y ) & D - N
- MO S .\" A W e M
' C ot \e N ) 0 o e
N . e vt ‘;\ o N s\- )
..' \.' ;\“ - . .\\:\‘ sﬁ’ \ 5"'- ,‘ r ‘* \ .\
,‘ . ’h* ‘::\"t . - $n~. \\ ;.1 ‘]\_a ‘~ ‘- \\ " “
N \ Rt Nt L \u:._\ . \\\:"\\? ‘.,‘\ \\\ \O - \\“‘\
N e s “Nm, \;‘\ y '\\'\:' ' A RNy
Q Ny -.g\*\\\‘:‘:‘k\ t: -i. . . k::i}*s"\ \0 '1-0 ..l' k\:;':..
Sete N L : - S . . . MY - o A h. *
) .\-"‘.‘.“ aa e b Mt o - %&\\ “\Q“.U~ ‘_'\- \\\ .I". s \‘ By
- \.\ " N \ ‘G ¥ o\ N
. Bl LR N -~ L
' C.\‘& “ \..\\ \ \‘- \&‘Q “. .§\'\'\:“r
N et = N - MR
A e AR -~ A RS
- o UMEENC AN
N Y “\.‘ ‘\_\' e o
. R i W “\w"
- R Ol E \"\\’
a'nt YT LS W N ,'-\\
- q“ = ». - . ‘lb‘ . .O‘Q "
X = "~ . ‘4’\ A N 2
R e . and 1.'."\ w -\"\ ‘1.'\ \bo." :\‘:ﬁo
R N IR e UL Lo et e e
to. \}\'\' AR e -\‘\"\\ -‘-\ .\‘:L"';';‘\\:. 2 *.
R AR e et N
.- ..‘ . e - ‘.‘.. > -.- a™
N Y N Y R e
:‘\\;-; RS e AR u.w’\.\'l"‘f-"«""* ..'-‘.'*\\;“‘1 * “~ ¢
ety o R e T TCI IC R IR LR A .
P oS PR o e

G, 7



WO 2018/129116

.

ol s s b s s b b b b b

CA 03049207 2015-07-03

N IR
R
R

R

. ‘.';*.*."-‘*‘"“““'#‘"""“"ﬁ'ﬁi\

L

ol ewte
) o %\‘.;"\'. e . :=‘ )
- n.-. = DI ) ' "n .o
e T ol
SR o AR, AR A
' ; " \~r_ uu"a" o .o ’h‘ . ' "“.‘0\'l.\-\)/-'
‘I . - : ..\ . s ’ "'- n'-'v.-' .. O '. - -
R PR .
o “t_-.- . _.. o"\'l C) . . s'.'

. L ~I'~‘ ' : .-. .. ;.:“‘ ' . . I ‘: e s = s = s s . (":‘ .
O BRI R R COCOUTTIR SUCCOUDOCOR
LT e ' Nl (NI :\ . TN
e et A L A .y
..\‘.. -: l‘ﬁ-\.v . . .'.\(_‘ .\.h . “ . . - "\ .v‘ ll'

=t L AL UL, :

tz' /’

* -

*F 7,

[ TR

:‘\"‘
.
X

.
-

277

v
e
"«
R

S

......... a TR R R R A
' e (N

et . - ns

....... ...4

a'.

" -
.

[
4

-

- vy
I =w

02

AL L L L L L
Ry

R

CNARAN o
'.\:hkl\sssss\ss \1‘ HRRRR RN "-'- .

LI 2

»
.- .
B T e e S e e e A e

PCT/US2018/012284

-
e

o

e

A

<y
.

-
»

'
\

NN N e
. f . T
IR
-
K
K
K
K
K
n
1Y A
KR S
N R
LK : .
s S AN coAN N > o
; o RO S DR T v S
. N R S, i, A : N,
X . \ -l K \,f\‘._n-_‘?-, '-..\}' N “ .
P “ B SRR S Y - B RN R ) A s R
. :‘_ L] . . . I:H - b‘ “‘.!.! 7"-a “\;\.\\.\ R - -‘l‘ . :. '
T ..'.‘ ' "o ' ) \ ) .:‘. L .\ - . mws - .- <
\ . - ' Ny . o \ "'
N ., ‘Y . T . \1‘\; " N "W
\:\ ... .~ e 2 ‘(‘ . s‘-'- e . . '~. ‘a ) ‘l
k' . l. ' N . "l' 'l'; ' ‘ -‘w" ‘. ". :‘ ""' .l‘
e By . . .:: s ,.'.w'\_\‘;‘- ‘\_ S g ‘Q
IR A en x few f aamuaus D SR PP N, IO DR U T . N ke ey m Ml ML mL L EE SRR e e T
: \E\\ AROCWRS 00 OO WO L AT 0 RO T R e \,\\}‘,-' MRAADTA R R R W b e e e s e A L WP R e R A L W PR S b A
. .. . .‘ . . - - ‘... . . . . ...‘_,‘. . ;!. .': \ . U . . . . . - .\.. . . . . ‘:‘, .: -
.% l.‘ ‘.. » -l‘.‘. . ‘l . ‘C .\
\. .r‘ .‘. . . . - \ o N .!0 '\
> o Pt et K RN : Y -,
3 e et Yy B AR L X
X R b nhyeom - &
> L WO Q W
™ . P . .

e ar

atat -‘/.;.

“¥p. ,m e

Fa'a

L
B N
. o
} e
A e " e A ) ' "l
R RN R LSRN W
LI . ‘\\\ N - . N . \ \'o\\{ ".. \‘ ,"‘.
* ] e ‘." . \Q -\ ‘ . % . - ¢.‘.*
oo ..a'\\o'.‘" . - \\ V“‘- v s 5 w'e e
.! Clk"l. A0k .. . -~i -% “ LA - n"l . ¢0
R R N A e g e
L s: ' ..-..\" \-:‘! CC " "ﬁl?\.q;-;-' . .&\ O 'l." v ';\ : .-.-;b. '
u e = LA AN i &
TwL N | e RO RN« PO
'Q 'T‘ .-. . - n‘ : . . . ° .. ‘. - .“\ ' ?\ - . - ~- : h\‘ ! \‘ s ..“'n \\\- “s‘- ..
AR RO T LT T L . \\:\ R HCRE) o ol
. AL AL IO N e ) \‘ N STy Pl
. . "'ﬁ..'-%‘-\; .‘-‘.‘ bk . . o -‘...‘-‘ ' _b, ;&\‘. . ."k ' '\‘- \
A > :"5-"-'-\\\\\\:"3'3\?".‘.‘:2{;:-; . P ol Lt
) - '\-\-.- : . < ) '.'.;.;a:‘q‘o"v'o’ ‘-' e : e - oy
“- \ ~.‘011- ERE T i v 4 c. gl
\:T: ....\.«.s:{x\...-....,..f‘\( R I ~
"k' 'II..- |: . b. O \\ j
Lo N e S
r - . ' . - - .« -
Nl A wasl e
AN N e an ™ . R N
\. ) c\!‘ll '\%O‘v\ \ “;5 . -_,:\ '0 . . v
A RN RN e
e Lo o . - . et ' IR,
I . R AR L AT PR
- . . . . R . . s e e e . . . ‘. 5—~ . . -
2 % : T C e
W \ e Lo
. . .. N .. . P - -t : ' . e q\»-'
N cee wo R S SRS A
O LT -"-.',\_\.‘;-'...' t R 't SN S et .\' .
' - Lt N T R TN R S e ' \ . . e,
. , ..\.‘.. A v o “:.‘{: 5]
e . L NN
) _\\, I C . .._: . . _‘.“, .
. . . .. - . . TN . ¥
o e L
. Y% . t.
N

L c‘\-.\.\s\\}{..}x_' P

. o

L L L L L
Tossnawr - '\

. . ”
. ';‘f ;.
) ,* a_‘- ';.f
: s SRR SN
L e DO SN /
g D T R & G L
™ 4 ~I?v.-. .- - -N--l\‘l'\.'\.\\l‘l\“ - v I.I. "'_’-".
. “_. - - . - - - - - . - . - - ,“ . .
3 .\“T . . ." ', o.\~l.‘w P ? y
; 152 - . e g o '
--} ".‘ . . .‘-...q:t ) . N . :

‘ .
‘ : o
\ . "I‘. :' :: . o IJ.’
\ N N L
% e / RSO .
\ L L N, Y RENNN :
\ LT, . W LWL T e
‘\" - 0 "‘4\- :‘ ‘;:\ . .'.'. ;‘,V'\ - \‘ “ Ny
SN S IR URERARS Db e
R S R S ORI N S \
.~ .’?“.' ‘\ . ‘\‘ . \ : 0 N . .. 't‘ b} . n. .ll-.- U
RN~ Al o B R P, LU
Q.' . e ".';q_--..:‘tn'\'_ct- - . :t - M "Q'\‘v.ﬁt"-v“-‘jr‘.-::-‘*"-‘\'\\’l\t\_ e

NN R RPN Y o A KR
. o:q v s f{!‘ ..'\\ .'x. ."N.' . , . ‘Q .
R U . LR DA R
ok L 'i*:‘f o -"»?,‘;r‘.' R Ok
o TN sy L ARARANNA AT RO o
| :.Q.;...: G L. e . T ey 5
\\ 4:- .. :‘ '.1". i -

‘ .
N . R
;N-ssss‘ -vs\sstsstss\13\13\13\ss\ss\ssssstsstss\13\13\13\-ss\ss\ss\1\-'5sstsssss\1»s_\_\)_\_1»)_\_1»)_\_1»)_\_1»)_\_1»)_\_1»)_\_1»)_\))))))})}))}))}))}3;\.\‘\_\)fwfn&

e T e e g W L L L L R R L LR RLRLRLR T m e e e Ve Ve Ve Ve

. ,';\.\\\.\\\.\\\.\\\.\\\.\\\.\\\.\\\.\\\.\\\.\\\.\\\.\\\.\\\.\\\.\\\.\\\.\\\.\\\:\\\.\\\.\\\.\\\.

¥
- k . .
o ,’;l\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\.\,\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ =
sﬁss~ws--§\§~s~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~§§§~sﬁwsﬁw~~~~~~~~~ss~ss~ss~ss~ss~ss~~s~~s~ss~ss~ss~ss~ss§~' A, oy iy

- s

.

R X o o o

>

T .

vy v -
T

’ e
"l -

FiG, Y

R Wy . TR e

\\\.\\\.\\\.\\\.\\\.\\\.\\\.\\\.\\\.\\\.\\\.\\\.\\\.\\\.\\\.’ '
NG

A

PSSP I I IFIISF
(
~.k.
N
]
|
!
Ny
Y

AR



CA 03049207 2015-07-03

WO 2018/129116 PCT/US2018/012284

9/17

4 . .

e
2

7

Ly
sy

",

‘R E
PP,
‘.

Y

%
sty
’f.

‘-"- -n ‘ -
g

%

e ST
R R ol

.f”

ol
Moo

e
e
[ ‘/’{4{. P

e,
R P

s,

i

S

S
s
FLle

/4’:’

I IATT L b
“’ I C

T AR e 5k e R O 5 e e e e e e A CNUAMRRRRARRRRY, Ry, AN
e e B T B e e i . i ™ e e « ®m ®m @ ® e e ®me = - . - . \ .................. - o \ ............. .‘. .........
L - D IR 0 X R R 3 R :

1
ety
A,
R A A
ot
A

S e L L,
et
"

N
A\
e
PP

g 'l: " .
LT
H  h.
SR
)" -
R

r

g

ARG
SIIL

AR R
7
-

.
-
- o LR )

N

1
5
\
\
!x
"
,ﬁj‘rf
-~ "’;/
e R u:_-:.',-'s_-;'
v
o
s
o T
>
S
i

A
e

1 i Mﬁt\\\\\\\\‘s :

Fitz, 10

LD

.
-
-
*
A

7
e
g
- '] .'
\\‘u %"
N
;
. +
e
» .
R

LA
ERLOET Do, Y
.\‘Qt‘ NS i A O SR L - ekl R

SO Pl

n .

N DN N ey
---------------------- rb\\‘g\k‘ R 2‘->.ﬁ

BRSO R SRR 33 g
N \\ﬂ:\\ e s RO s
.. ' M ' .
AN \

i
. . : ‘g.
’

¥

;
i

iy

"

g,

R N 3
'*-\’ D P e : N {\ :
A A S A SR P A A

R



CA 03049207 2015-07-03

PCT/US2018/012284

WO 2018/129116

ol

|

-~

14/

\ /
"\. -.-
4 {
.................................................................................................................................................................................................... Lo P P
e R o R o o 82 o o o o o R o R o o R o o o g 8 R o o o R o o 8 o o R o o g o o o R o o g R o o R R o R o o o o o R R o R R R R g 2 1&&\11$¢T$1$11111$&A\11111111111115\$111111111111$1f.
e CTs B ] e L e B R S . R IR R o Tl ) G gL A
‘.. . e .. . ..-...: . . ...\.v.. .-\..b . “...v-\ .-\..b . . Wateo l\..b . .. lt..b-.. ox..-. . -lw.s ., . ﬂt - “.
.H‘.‘rl.? .?“P“m.ll .“r”-p. .?I.P.'.lr .Pd.“.”nl.‘- . .rn I.?-.' .P. ”-.I. - !-'.P au.wul..?“-p N 4!-.'-.'. .llh..rw. .'¢ ._Iu‘.i- : 1».‘.?“’ — .“.LYLLYLLYLLYL..J‘LLIM ........................................ ”“.”“
. IR S . « . ..Y ‘
K n.. Voo / ,v\. “ r “
“. .- . : - - l- . .‘ > t&h-‘-\"-‘. -
‘. ,_. o . . L i ) .n. “” ..vc”..il - "3 " “ “
4 I L I s ﬂ\.!l::..-¢ A ‘. s 7
R / Y ..\\.\..\.\\..\:H i 7/‘u. e “ ’  ?
. \ ot 4 ; N ‘5 ‘7
4 e * b, SN ‘5 « ?
. i ’. ...{\\\\_\\..\.!\b.».. oy i ' “
4 o .. . ..t ] ']
x&.. “l...l..\\\uu!.-.d..’.'l.l.hl.\.\-lui.!r\.\.(-u,.-..\Q\\\ b.ll..?’ m “ “ “
\ . r i..‘c.illI-ll.lﬂ\.\u\uihhmnl.ndql.l.lv\--l“. “ ).-r!“!.l\ [ ] (] \
LA G ¥
y A ' e 4 i ‘3
H Ly .....u..u.L.‘n.n.-.-.-&\\J%\\A\\N&N;ﬁrfﬁq..-“ ’ : .’
W ¢ B . 1 ‘! 2 - “
- .\. .o \\ ' B 4 - o= s R D- o v \ " “ \
o ARSI S PP i ‘9
M \ u(\wm. : ‘) 'y
{ \ Faly o ¥
g} _, T A, 4 7
i) LT L e, ul!k..n't\..- - “ ’ " ’
.. | - v v..r). - " .!\-..‘.'. \  } [ | ‘
. L L C e i 7
h. | PP N g ‘7
. : S VU x\\ e ek ?
b 2 RARTZIT T fiansnsssaibbinhARE e & : Ak ¥
. - . i : A 1 R T et o ul B '
: ' ) e s o abaeasei T '3
' + -y ~ 1 P . - .
. RIC ~ y ﬁ%”w b “. .“
iy ¥ a0
r v
1 4 ; : ‘) '3
p ¥ 1 4y a ?
25 YR PP ¥ 4 P . . !
L < ' " ’ s 7
-. d ' " ’ s 7
; : L 7} ¥
= 3 ey ‘'’ ‘5
Y ¥ Fon o ‘. . !
“ e v r s r e ra b e s w2 e b-n 1 ! ’ . !
X . R R e o rnnm L L oL R A ‘3
2 - v ! Lottt e d L LT R S ‘ .0
; i ¢ 'Y . ottt ‘'’ ‘7
4 a “\ e da ‘. . !
" ) M i i 4 da L . !
LA N s / 4 i1 ! 7
- 7 R - REl (1] 'Y ‘. . !
{. 4 “. v Ry 4] T ‘5 . P
¢ AV ‘. 3 2 i ‘! ‘5
X’ TN AR . . * 2 i ‘5 Y
I -&’ g A -%I . { ’ b \\ 4 \ ’ 1 \
é ..3‘ .‘-.1 - Foe vﬁ' 7 ’ v \\ Ja \ ’ 1 -‘
5 - . ..-1.4!\\; .- e A . r +-.“. “\ . \“l“ “ ’ '] \
<. \ J’?-. u.a. ‘lhl . \‘l v > e Q..-_. 4 - .. - .J.lﬁ\»q.\:..r“.ir i \ ’ 1 \
“ . ﬁ . \x -.s..J.. ‘lf. ll r 'Y H // \.I B -%t '...'.'.'...‘. u‘..l.a\ltr-\-rv ' ..‘ | 1 ‘ - - “
. * ) ) a.k.a. ..nl-. ﬁlw .va .A i ) ..-. ~ ’ ’ \ ’ ¢
W‘ e .t .JIOC - ., . ..f“l ﬁ’ . v.-. . -ﬁwv : ““_-. “‘ . ‘M . o ; ‘-. " “ \ " “ “
[ d #.J'- -‘v Sy - s J\.s. -ty v ’ .J.nv ,.... . 1'.\‘ \t\\ott.l.l.l.l.l.‘.\.olil_l.\.\.%t\l\.. s ‘ ’ (] ’
4 . : d’. pL\.c.n.r‘..f. ¥ N . lJ..f‘ﬁilll.s!\..\hll.ul.l.uuku-.uﬂul..!.ts.\||.ll..l...l..!.l.l.t'. 1 1 \ » i \
) ‘ e T ~. =y # AL % i ?
4 / {2 g e By 'y % '
e / fec, ,\\\ g b e e DN ) e ‘) .
| . ; .0& K ‘4 .IU . ] - . . hk\ll-..!...h.\..\a)“ ‘ i " \
: i VN 3 i N i g ‘3
S nnﬂnuuw RO JR o . A - 45 ‘7
" RN FEON : . ‘7
'r. - ).cl. . I J 1 \ ’ " -‘
. 0 i_. . ..‘.... . .n_...p Ny “ Vi . “
: PR SRS £ SN 3 X ¥
.-\rc. 2 o '-.N\.v..\... .Irh .0\.&!?‘!&*«.’ rewoad -y - . \\-\* “ ’ 4 “
. 3% NI - e O PR ¥ ¥
. f W.J:L . - ..MAP..I-, .nt.....\ . IR g . w.ﬁ**. ) ’ 1 s
o8 ﬁ KA ; v e “ ' ‘« ?
KN e T ol 5 i« ?
-~ o, R.l-. S, i v .‘c- - F . - . . E . oof » i ’
a . £, ..J-.w.on. ...ltlv;. . q\.\\.\.\\%\.!\\\&t e 1 “
- . OGS 5 L s v AL "y
" / SRS, Y iy ¥
‘.x ¢ . ..w.ﬂ.‘ . .,....,uup..q. .o«wﬂ.ﬂkﬂﬂﬂ.{kﬂﬂwmmmmimiiiiiii\\.ﬁ\\“\.\.\Q..........l.a.l\_.\..q...qnwn..wbu n.ﬂ\..\ - ‘ “
N ' SCNRE o, waﬂ{m ﬂ ..1de4-JuJﬂslllqu\wmblwdiiiAA “- .“
- N . - . B . . . 4 y . ’ 1
~ ) P e W S V- 4 ‘7
" fw TN e, TN, L Y AR A AL S F T ‘) .
A ..ﬂv . ar » " W ’
. . o N : ‘! "
G SN SNy N " F TN
A . Ly o [ ‘5 b “
ﬂFI@ T R L e o “. o ?
K < - * o e . A ' . .- -q- ’ .r.. o /&- \ ’ . “
. . ¢us . ..l ..-.-... . ... . \n- \  } 1 \
.v n\ﬂ .\S...MKTNW.JA“ “ “ ““
L .4 7 BRI 5 -
e o .“ .u“ e “ ’ ' “
Lnpinnnne i vy 70 ‘0
v sfu\iﬁ..ﬂ.i.{.iﬁ -H y T “ 3 s ?
. T, e b .- . R . S s 7
KN PR % S ‘)
A - ' /. ' cop . “
! g e e e e e e e e e e P Antatatet B A, lacscscsacsacacnnanacas> e
; e Sy -..”»o... T, w.....u' i vy T vy ol o0 H.“.
'y . Tu . Yo - . : L TR . e e . T Y. T ‘e o » : “» T S e : ’
..JAOf:. e . Nl e, Lald = w.. . e =t M.... Rl = e w.... Rl A =" .hu.. . Rl A RGO L ST, e R m,

. . - s . S e e - . B . - R .
- . 3 3 -

o S o e - .= . « o " a - o S a . ...0..- s s a_ " R - . a4 - . 0N
ol ol ol sl -l ol il P ol ol ol Al Al il Al Al Al Al Al " \.\\\\\k\i‘\k\n‘\k\n‘lﬂ.\.\-L.u.k\i\.l!k\i\.\k\i\.\k\i\.l!ku.\at‘L\.L)\.l\.\.\.t\.\.l!k\.\.\k\.\r\L\L\.L)I\L\.\.\r\.\k-r\.\kﬂ\.l!ku.\O\L\L\.\k\\\k\n‘\k\n\.\k\i\r\L\L\.L)l\i‘\k\i\\k\i‘l!k\i‘\k\.\}a \
- \

- -

B e T T o e T g
.
LY

)
‘

-l'

Sa
e
s
o
7

.0
..-.
ra Cv

. M.

.ﬂv...

oy

O

iz, 12



CA 03049207 2015-07-03

PCT/US2018/012284

WO 2018/129116

1117

e - A

B
i
i
i

»

s

Al
-
=—ute

- 2{4

*
‘."h Ay W - -

-
-

ﬁ. - ‘J.
3 .« 2
| ‘
v ‘ -—
. ’ ’
\ .v..-.. L]
i P, w
1 AT
‘%33%‘%%‘3%"3% 5 q..l.!‘h“. . . : ll : -
+ .. - e = = e s U = e . A O -~ . . R e 'y
t. - e . S - - . - e - v ; - -, - . . . - . .\
4 ‘a - Bt Y- v . - g - < *» - Y. e e - . . : \
Jaoo. i : “ota ‘e’ - .t - . e .- : g . “a’ - ‘e .. - “a - : Tt N -
v . X - R s = . T . LIS ., LU RN ISP PRI, ¢
. T\Vi\\\t‘\\t‘\kﬂ.‘\t‘ e " o b e - s P b b B, . g . " “
. >
" ) ' 5
1 N vt
K -¥ W
1 r ) 5
i r w
'y r W
. r wf
1 r N
LN r W
N ¥ wf
n r W
1 -\. . . . s. “ " “
ok . f g
1, ‘.\\\fl..?.’.).kl.l.\.\l\\.(r \\‘ “ )f,.r 4 ] \
-A ﬁ.“‘lllll...!.\.\u!lul.ﬂulu..hlilv\.‘ . . F 5 “
) ‘ 1 - ln* | ]
‘1 .. - o " “
N . ’ r .. " /
o = x --\\\\\E\\\\\qua s ! : .t
] g ERr e 4 g
. . v . - r w
”:.. ...n..i.h.\.\\.ll;t.lll\i.lh!!ﬂ1.1|I|lp.\.\.\.-\\0 N | “ " “
vl. E‘h.......’ I A *\.- z . \
L y! r N
.g. L - r . “
. 5 "
Y, d__ r W
K3 _ r vt
< _ ¥ wf
T 6 T ] \
» r vt
o __ ¥ " “
(I r "
1. - S LEL A AFPIE J.,. r &
Y ’ 4 '\
CH J 5 f . =
N i . . r vt
[ ‘ * 1 L 4 | ] “
3 ¥ "
‘ / Y ' ¥ W
w. “ “ ¥ wf
-~ ¥ W
. “ m " “ ¥ W
v (] A 1 £ .
* i - r vt
: : e | ; ¥
" = . M .. - r .
. . . . rmp ) r ] \
n LA - ’ - ! r vt
M e et / ) ’ . ' : r w
c. e P : : f v x.w,,nuu«u<>n».»w;unwuwvwku.ﬂvﬂﬂﬂ.uurunﬂﬂ - ..“ ' “ u " “
A. . s e .- ) ‘... “.\ .-—. .‘\.‘.FPFL\\“!“\.’O‘.\EL\ -1 “ " “
ARy - #y . ' ' ’ v
¥ o -.d A r 1 d .
e 8 o " w » r i : ._“
-y . 1 . 4 ]
l-. ”.v . ﬁ"‘ H \_‘ “ “ r wt
R » . y p £ ._ - r vt
¢ » . y i 1 ¥ W
' F y o 1 ; : r '
B » . 4 \...h r vt
- » . . ¥ ' ¥ W
U 8 - i oy r 1 #
A N e d > ’ _ 4 .
" ! PN : _$4 : ;!
: b I Yo ¥ S L Xl S B 4 »
. A Ry y i : \..\Rk.\..\.ﬁ.\.&.!\}\ LR - r w !
. ..f. -5 . ...,“-. . " . ¥ W
Y ; ' . D ..._...... __. ' - r vt
+o \ . w-. . " . # ih v d s _ﬂ.\‘.‘{{. . - ey ! “ " “
.'-.. \ ..L OP. . c‘.l.n\ .Hl.“lhl\-.“k“uuuniu!\\lll.l.l.'l.l...l!1.‘.1|1“ . 1 r » \
,. | N i | EE :
« e - [ b} - . * '
N ! Yoo e e w P L T ' ! ’ .
N ’ = v “ E AN IR AT PP R B : ¥
v i PR S ~ PR o e 1 ’ .
’ .~ . .qod pcr. * .rch ) s.....-.-r. oo S “ " “
..w. .ffl laws..\a.l v, : 0.1:... . - “ . ! r » \
3 R O - . ! ’ ' 5
. N > . . ’ . 1
A ECE X Y ‘. .’ J l ' .
L 9!. ’ 0.1 r..v . =< 'y . ! L | ] \
J ]
N s [ . [N - v E K ’ N M .
5 o "o ™, /oh S e N . " 7 vt
- S . - . -
.J... . " e % . ...!. a’i. V.l-... .’.‘Ir..t\vs\.\ v ea. o ..‘h “ j . \
: 1 - »I.v. .\ux . -.-mb.- s . ...ﬁ.\.\m“kuki.!.!lli\.‘.\l.h).\.\.\t‘.‘\\’\.‘lsll\.l.‘.l.luh Aouf.. “ " “
- . - . n. . . - . .
ﬂ- G Ly -fv ' T o # \\ Ty ’ » !
\ © " a0 N % ' '.a [ F wt
! -.Il - )0. (3 .4 - ‘¢ g v . ‘* . \
R ‘ o~ u# T ﬁf. “...‘._- . ,.r.. i i " 4
Wt o *a .—'/ d' l-- ) ‘\ u.v. - h? ¥ L
. N R X A LI - . ¥ vt
- . = L . T .\s-q.“ ) k\nhhbb,)..r.l.b.lthu.\..\o\l..vﬂ F] wf
.¢~. \\ B ..cnuu.%.ﬂi. Iv- .\-kr ! ‘111..!-.!.!.....'.!}}']\- L " “
. " Y . . ¥ "
) u-. . R, "R L uu& 'S !\11..\1.1\.\.—(1 7 v/
A .... %nv .\..-0 ....Jn‘-i.l.\\”. -)Afﬁ".l".lll.llllllllllll‘h.\\.\.\n!nlludrn*.!1.1 ] " \
JQ .~ -:WP-.....-.-. \1. \- k!\.\;..li{(bcln\.\.\tuidiﬂIll...'l....ll.-l.lh-\ 1 “ " “
o UL -~ . - - * 3 . ..
Yy N R ! ; ¥
. . -;'\ -ll . ‘- - - . . . .- --. . .- l- -
¢ % 2 N e W o v , YR XYy L R S ’ ./
... o ; i 4 ¥
. . r L]
.c. Aﬁ”l..f - : “ r » \
a4 & 4 r vt
: 2 T 4 v/
i o r vt
¢ " r wf
. s ¥ W
- . . ) '
e - r ) 5
L - - ¥ (' 5
f . r vt
R - ¥ vt
Sl - r v
.-v .l‘l"ntnEdnﬁuu- “ | ] “
L . 1 ]
% e ’ wf
¥ vt
. " “
. 4
[4

- . - % s ) .
.‘. "."“""“""“ 2 g fn g gin gu gu siu gu gu siu gu gu e ‘.‘""“""“ 2 e fn g gin gu gu gin gu gu siu gu su ‘.‘""“""‘."“""“""“".‘""“""“‘ 2 e e g afn g g fn g g fu gu g fu gu s gu gu g u gu g u gu g u gu gu g ."‘.‘""“"""".‘""“""‘"‘.‘""“""' "."“‘ . s
*s ‘s - v P luo g ¥ gy
_— gt S ..v.. - o . T el .\-- “a - vy IR o . all : "% ' 0 0 - "
. e R g = = . - - Ta « 35" . . & . oy e - . i ) . . N = . S )
& . - - . Bt - VoA - . - & - e -, .. a . v n m - . Bt - o A om o
i N D t.‘ . C- - PN .. .\.. u.\ol s 1.!\ ..I.- v 1..‘ s-‘- .u.llq ..-n DR I u..ﬁ. ‘
» - . o 4. . <. T Tes - NFe L . \\. - . . .- . - ah i o- RN -r .-c.. 98 o = P R
2 - . e ., . e e, RN BN . - R . - - e e - . R el -.!\\.
#‘~h-h-h‘\h-h-h-h-h“\-h‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.’.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.’.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.!.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.!.‘.‘.‘.‘.‘.I..‘.I..!.‘.‘.!.‘.‘.‘.‘.‘.‘.‘.‘.‘.I..I..!.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘...!.‘.‘.‘.‘-h-h-‘bhh‘~h‘~h‘~h‘~“hh‘~h‘& . L ol..‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.I..‘.!.‘.‘.‘.‘.‘.!.‘.‘.!.‘.‘.!.‘.‘.’.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.I..’.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.\.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘.‘
. . . . . N = = a . Sy Rl . == . .
A /.
l-. v
0'. .-
LI B L
. - g -_
o .o !\
4
3 /
1’ ’
‘4 “
i
R
4 T
’

..
,,'q.'h\--r"t
M\ -

...\

Fiz, 13



CA 03049207 2015-07-03

PCT/US2018/012284

WO 2018/129116

12/17

——

A .-
n - .
-

A

-
‘,t

200~

ﬂ 4 " m ' Ewwn
41 ! \f A' .
{ 4 7.
'
» &g [ ey ¢
1 ’w } 1 “
| 4
7y 2 = m._ - f
k 2 . - L
| .- [
..
. . rrm [ i
“ ? ~ L | 2 . MU 4
. ] . - b
\ ' ] ' " \, | o
M = 5 ] ﬁ ; [ “+
. \ 4 _ ! / f v
‘ . \ I ! / f K
{ 4 | : { . {
| \ kS _ i £ ! A 4
. \ ) 3 » _F ] | A . . L .
- Q*QQ*QQ*\Q*QQ*QQ*QQ*QQ“‘1.‘.‘....‘.‘.1.‘.‘.1.‘.‘.1“‘.1.‘.‘.1.‘.‘.1.‘.‘.1.‘.‘.1.“‘.1.‘.‘.1.‘.‘.1.‘.‘.1.‘.‘.1.“‘1.‘.‘.1.‘.‘....‘.‘....‘.‘...‘.“.‘.‘.1.‘.‘.1‘-.‘.1.‘.‘.1.‘.‘.1*‘Q*QQ*QQ*QQ‘Q\qQQ*QQ*q .....‘.‘.1.‘.“1.‘ ‘*.‘...L.‘.1.1“.1.‘.‘:“.1.‘.‘.1.‘.‘.1.‘.‘.1."‘1.‘."1.‘.‘.1.‘.‘.1.‘.‘.1.‘.‘.1‘-.‘.1.‘.‘.1.‘.‘.1.‘.‘.1.“.1.‘.‘.1.‘.‘.1.‘.‘.1.‘.‘.1.‘.‘.1\..“.1.‘.‘2\. . .‘Q*QQ*QQ.‘Q....‘.‘...".1.‘.‘.1.‘.‘.1.‘.‘.1.‘.“..‘.‘.1.‘.‘.1.‘.‘....‘.‘....‘.-.h.“.‘.x.‘.‘.x.‘.‘.x.‘.‘....‘.‘.t‘l‘ﬁ.x.‘.‘....‘.‘....‘.‘.1.‘.‘.1.“.‘.1.‘.‘.1.‘.‘.1*“*“.‘. .
’ . s . —_— - S = e S . - - - T e . . - . T . - . . e
' S L BRI ..ow. . .. S e as.;. at o %y e s R . e - !l.... .lq... e J..-.- T
. .. uf\ .l. . . .l\ . \ .w. .\\ . -, . .\ e u.(. L. CEEE . .u\.n o’. X - - . - - - ..
i, el _. -I = e S o - e -!l.l.-!l.-!-Nv.l.l.-!l.l.-!l.l.-!l.l.-!l.l.-\~l.-!l.l.-!l.l.-!l.l.-!l.l.-!.l-l.-!l.l.-!l.l.-!l.l.-!l.l.-!-\l.-!l.l.-!l.l.-!l.l.-!l.l.-!-\l.-!l.l.-!l.-!
llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll f“ =" =t =t =t =t =t =t =t =t =t =t =t =t =t =t =t =t =t =t =t =t =t =t S
'
— .s.v 0 « . v
] ..u..n - \v\. o e

A

.\..

s 4 S~
i .......n. ' . iJﬂ..\lth.l I.\I{”.ﬂ.ﬂ.ﬂ“““““”.huuluklo\ e 8
T. .I....t. .. L3 “ “~-
. St .\\ » " 4 C oy m
- o .y u.. + %wl.i AAARREXXN ¢
3 - TR .\.\v\vc\%‘l’\ l.’f“‘\‘.‘k{\ ﬂ’ m
. * - .. ‘\ ..”. o ..\.
l_l-l.\.\uiuhn.-.ulllll{.\-.l-ll.llllliII!.-.(‘1 \

.
’ )
.\\R-‘
e .
-
-
S

" ¢

- .
.V v Llloluklu\.\.\.\..\..\l:\-\\l:\l\s\{\\\"\O\"\’% .
1

SITIIIIIIIE .“w‘,.h..-

.

-

\

+ . . . S

¢ __ .'...‘. o . )4 ’I‘ .

Fl - . -}n\.’.tun.-iu.t ..al. ol

’ R SR

’ tr A

! e

! e
A

AL M

i

\\{
.
. . o
. i N
}l\\\n\\n\\n\\n\\n\\n\\n\\n\\n\\n\\n\\n\\n\\n\\n\\n\\n\\n\\n\\n\\n\\n\\n\\n\\n\\n\\n\\n\\n\\n\\n\\n\\n\\t\\t\‘t\\n\\n\\n\\(\n}

\*\.\\*\.\\'\,\\*\.\\*\.\\\\*\\\\\\\\\\\\\‘\\\\\\ LN N N
. ' .

-
’-
‘.

1un.u
‘- Cans o g P e d ad lu.ﬂn.-..\u.l.li“\t\l‘“‘ t

A a
~-rrre \.H....'ll"\‘.\lhlu

|
.._-...w . . “\h..r}.\.l-(-“l.l_l...iihsu -
¢! =
g s - f
S 2
»
» oy
.
K B 4
R S 4
t. B 4
r
v 3
£ ot
[
' 3
v ! .y . . . - -
P  Benmengeser sl
-1 - : d
\ ﬂ.r ‘- d-
- r . i — I.k'.ll\.\.!u\-!)‘.‘.t\i\q‘..
e s ‘..illl.i\.!u!uhhh.nh.lllluin\\.l.lll.......l.l“.
V¢ g
L) d-
Ib} :
.\.l-(.!.l.v‘\.).l.\..\i li.l!hlu.-..!llth.“.% -

..\1.«

l. powih - ll!lh.o.-..qu ..\Lothi.\\t’.\.\i.‘»\n\.'

: ut..‘C..‘t..‘t..‘t..‘t..‘t..‘t..tt..‘C..‘t..tt..‘t..‘t..‘t..‘t..tt..\'

>

.I(.(’l’lt‘.\a

"
-af’. )

. LDL-.\..\..\-.\.\[- \.!.\\.0 .
foacavadbcmbvarrrroesrsx by

o

.r&.n..\.i.!-!-t\.r

Q\\h...,.,-'-‘
et

l\\\i‘.\.lnintulninlulnlnlulntllllltlllﬂn\ *- ll.l l!..i.!ﬁ
............. ey « «
L\“\l\\.-\kllul..!.i.iI!i...."llll\\\n!.llu .\
- ’ . ' - . . SO SEIFT .u-hﬁl*. ‘
v K s {4
o EE it TR A
W.T .\\1111111\(“\“(‘55&h§\ﬂ {“ u
LA S : ) . = . .
LA . ¢
AN IR
L™ IRE
- o”l-. A \1.1!!..‘lh...l.lll.llii.l.h.-..rulr—k .a\ d
o Y 5 v
' 1 4...1..&6.‘” 8. “‘.‘Q‘.l t e d
e (- . ﬁ‘! ‘¢ 4
ﬁ’. 1 \Fo [ ‘
T e . -.. . ...\ 4
. o
L v
L N
.»..4 lil-.l..l-.-.l.L - ol u

. ...!rlc\. .
B - LTI
(] . .

L)
‘.
"D
.l
\‘é‘k‘.- - -'-'v' v‘
‘.
o
\
Y
)
_ N
T A

i
i
E

Lﬁb\ﬁb\ﬁb\ﬁb\ﬁb\ﬁ‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0\ﬁb\ﬁb\ﬁb\ﬁb\ﬁb\ﬁb\ﬁbﬁ .

%%%%%‘%%t“ J Iﬂﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂilﬂ - = "
M LT B . ‘.. “n e “a . b 2 * g “a - v “r Y- [ R “u . s - SeTeT
.. e - .. . N N - N . . - S - - e _ . . “ S ST e ) STe .. Vel -
. P - S . : i St . Y T e .. L b - > u - -q.‘... e . - . et e "% ™
’Eéé . .E‘éé%{.
) A - . .
i )
I h
“.tru .
. - .
4 “u ¥
o | ’ .-
] .
- !
¢ - {
’- 'S
B - /
" v, 4
4 L
R 3
y /-
‘. e
r, -
14..'.'.\

Filz, 14



CA 03049207 2015-07-03

PCT/US2018/012284

WO 2018/129116

13/17

AL .

.
.
'
’

1.°

.
' "
-
Ep Y
RAAaa-
-
\\
o
»
2
<,
)
y

- .,.,.I!\ T .s

.\

. -

' .a\ u\.., ' . 4 . ’

. * // “ - . .\..\o . \-.

. IS .. - = *. ;.. L.""Illl- “

< = . \l.‘.l.l.lw‘.iu\' - N . \-. ' ’

’4 STTIITII T et 3

¢ .— = ’ ’

.\.” A A | o~ “a '

- ) K3 ¢ L I ’ ",

‘e .ﬁ.!.ll v e = ..“... [ .ﬂz A\ ./“/- ’

o . . - TS - » ’

IR o . & < - ¥ - .. ,\ r ’

R : e p c .;\ -/./r,. ’

B R . 3\553hbhffft‘t|ill\l\\1 LY ) . ’

- . i -t .D..!UI!I.!‘Quiltll\l\..\.l!(l(.t(,..l.\.....l..ﬁi.\.\ ’ {f.r,.r -”

A . R =30

N .. L -,

e g g A\ “ “ “
. e e . hr .- -~ o ..ﬁlhﬁtt\t\\\ﬁﬁ%‘l‘l‘l‘l’.’. ..I. ﬁ ’
. i N - . - ' . [ ]
. \.. “... ‘. \.\ .. . -.. -«. . .“ “
gt e \fi-111%H%\V\\ltt.)\hi!111+0kll\\ -
g . ’

- Al A \\\\\Q‘A‘J‘;"‘i“(t“‘\

\\(
.,‘.

H‘,A

. w"
oA
o

& .
RO
\-31%\
N
. '3
3?“
‘) "‘;.‘k
'.

¥
,
™
T
~
'
'
.
’
-
e
| A
: e
aamwaa

>
»
L)

)

1 .

. E\-\.\:\E\\l)‘ﬁl‘un‘.\\ o . . .V.
. . .f » Py gt SRS

£
X3
£

)
. ' .
. .
’-‘ - e
.~ "‘: .
-
&
O
-,
‘.Q

Thhhthhhhhnh®

\\\\L\b\

"‘““““““‘ v
E AL
LA B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B B N J

..- __ “*.."..l_ l.li.i......li\\.\\.h...)..f.!\(ll-.\.\..\.\.i 1M
”“\ M e l.’ll\.nl...i(ltd.\.c\.c.d.! Lk l‘-\\
o X
3 ¥
Vo ‘”
Wy ‘s
”“ Y
» Y
Y "
. i’
“ ! Y
LRE ““
AR -
/ -"...._.. . - v .‘.!.\ )
’, L™ ll.i\un!..l. L) \
s N E Y
\ Ny 4 4
) ./
o LI ——kamass ”- ’
- R -, " \
‘. 9
K “

v E Ay o xa - . e
i e SN b Y

“-“‘.“‘..:l' ’
Rhvh R RR

AELLLLLLLL

}»\.l.
ll..ll‘\.\.ﬂ\.\&.ﬂﬂ‘ﬂ.\h‘\-\\.u‘-.ll l\.\‘

‘-
4

o
X3
'V‘

e

‘t.“-‘-.-‘.‘-.-‘.‘-.-‘.‘-.-‘.‘-.-‘.‘-.-‘.‘-.-‘.‘-.-‘.‘-.-‘.‘-.-‘.‘-.-‘.‘-.-‘.‘-.-‘-‘-.-‘.‘-.-‘.‘-.-‘.‘-.-‘.‘-.-‘.‘-.-‘.‘-.-‘.‘-.-‘.‘-.-‘.‘-.-‘.‘-.-‘.‘-.-‘.‘-.-‘-‘-.-‘.‘-.-‘.‘-.-‘.‘-.-‘.‘-.-‘.‘-.-‘.‘-.-‘.‘-.-‘.‘-.-‘.‘-

4 3 o .
.L.. d v [
} .._ 7. . ssgv
\v '} \ .&&..- &.L-\..
. TN .. : M
. . wy ¥ g -.nr-
', \s ...\-..cw- /. I.l.\l.lla.a.la.a.ii‘.ll
4 ; I ¢ ﬁ%\\!\-\.\\.\..\( rr'e'y \.clt
I ...\ . a.%. ‘ . . .rl...lA .
-' h— . . .lul ““. .-... .-... .-.-. rrwr ......‘.........‘}Il‘\\\%-‘-‘h.
.\.. . . - . L. L. .o. - u-\.\;. .\.'%l!\..\.\(._i 1 ' l..!.i_-l - . - “
"E, :U/ & . .. - ; "+ . “ ’
N SO g . : : Fa
1 TR \\\%\\\\\-&\\qﬁ oy
¥ T { A
A « I B r “ y
’ . A
d‘ .\.v\l VI‘ . : n‘”. . ‘ ’
L - -, ca - . - \ [ ]
. -L . 'Mn \‘l . -‘. “‘J".‘.‘.’.lll".-‘l‘l‘l‘ﬂlﬁ‘l ﬁ -
s -~ . . . ] .
LR . « K= o= : <. ' ’
5 Lo N ! ; R
> K\- . ™ . L TeTTTerdwwa. v.\ ’
v O -, . D T
- .-"I . “ . - 4l|". ....“ “
L] 3 ' ' .
e ”f. ne Lt 1 - A
..\v. e <y e * 'y .- \ ’
./-. ,\l . o wwrwwrwwrd g. . NP
2, oi A!.:c-q‘..iq . N d.- .r#-\lii.ll.l.ll.
bJ ."- ‘v a v, ] : - \-§
. ..O. l'o‘. - ¢n-|l - l.&v. : " ’
B T " v.. y L B4
.s‘.!l.ll..!ll.l.ll.l.ll.l.ll.l.ll.l.ll.l.ll.l.ll.l.ll.l.ll.l'!lll.l.ll.l.ll.l.ll.l.l.\.lll.l.ll.l.ll.l.ll.l.lll.ll.l.lll.i\lllllllllllllllllll Ao A o 7
. l!.. - -04. . - - -oa. ..- - b- R - .!bl. - 4- -
L) CY . T T Ve T Y. Lt .
. x . oo . .. -, ., - - - -
..'. _ DT N L e ‘e - -! <., .
> e o~ - ‘-, e o= A,

N,

'..'."..'..'..'..'..‘..'..'..'..'-.".'..'..'..'..'."..'..'..'..'..'..'

, *
-
-

Ire ey

T U R R S k-

’ -

‘..l..'..'..'..'..l.‘.l..'..'..'..'.-.'..'..'..'..'..J...'..'..'..'.."..'..'.
- . o -+ = - -

- - - - v
- " v vy Y n N .,
e . - . - - . - . -
S S S “a . . - .
b.‘\ - :“"i‘”“.l.I.l.l.I.l.l.l.l.l‘.l.l.l.l.l.l.l.l.l.l.l.l.l.l‘-.-.I.I.l.l.I.l.l.I.l.l.l.l.l.l.l.-il.l.l.l.l.l.l.l.l.l.l”‘}‘”“’{l

“‘“““““““““““‘““““““““"‘"‘“““““““““‘"‘“““““““"‘"‘“““““““““‘““““““““““““‘1&

W

-,

EE E E T T E E T T T E T T E E E T E E E T N E E E E E E E E E E E E E E E N E E E E E E E E E E E E E E E N E E E E E E E E E E E N E E E T E E E E R E E T E E E T E E E E E E E E T E T T T T T T T T T T T T T E T T T E T T E T T S S S T R S R e e e

T .. ““““‘l‘““““““““I“‘“‘“‘““‘A‘“““““““""““““““-“"‘.
- R M " % s s s s s s s s s s s s ™ . 4 s s s s s s s oaos s os s W, s s s os s ososoaos s s D T T
oo . d. . “a .\l - - -
o U S e e .. - .., . -

- e S e . . T e . .,
’.. -, . . .- Sy

M‘.".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".".'M

N

Filz 15



CA 03049207 2015-07-03

WO 2018/129116 PCT/US2018/012284

14/17

-« N
- 6T
\\\\\\

- U
..........

E www wwm IT".‘-*’.I&’Q‘M_’I:\:C:.:P e www E:ri'-1 TEw wWwWw rEwe ruj:E'l w-ww Ccwww -—wrwr r£11 - rwwm "115 -—ww
- : §5 3 : : : N
7y s 8 s: : : S
. : . o " : : - S
. . AN . Y - . N oY
\\\ . E: E: :E E: E . \\\\.‘0}
‘ : : 3 ; : ; e SN
\ : : - ; y . : R,
& . . - . . . - SN
. . " " o - . b
5 8 : : : SR
: . :1: y : . : SN
: : 2 i : : : &S Ry
RV : : 5 : : : :
* : : " " g . :
*\*\\\\\b : : - ; ; : :
PRR : 55 R : : : :
SN : ; R : : : :
S s o : | : s
\ . . o " s " .
N : ! 2 : ; : :
< \\\; : ! 3 : : : : ORI
\‘i\\\‘l‘ . : > . . . . < QQ\
. . . : ' ' - . - A
R : : % : : : : SN W

3\\% $\ . o N
QTR : £y Moo 2D
> . v
N N
NN : ; L

N

*.‘0\\\}.

)

. N | e Y W
R 0 : ~on . At \\\\"

SR .
R X

QXN
N
QRO

< N

Y
NOINN
N

Fiz, 16

Q\%\\\Q‘

\\\\\é
‘}\\\\\

R CF 5§ 5
N s L | | 5 A
3 : : i : : : L &N
Q\f\\“ : :5 R : : : T Nae®
@\ : : ;:; : : : : Rty
. . 2% . . . . "
NS ; L ;5 | 5 L S

\};\\\\Y

\\\\\\
!!!!!!
\\\\\\
\\\\\\\\
\\\\\\\
\\\\\\
\\\\\\
!!!!!!!
\\\\\\\
\\\\\\\
\\\\\\

\\\\\\\
\\\\\\
\\\\\\\
tttttt
\\\\\\
\\\\\\
!!!!!!!
\\\\\\
\\\\\\
*****
\\\\\\\\\
\\\\\\\\\\\
5555555555555

e\x\\\-{t SN ¢°\\ N “\\\\\ SN e\x\\ N
. x,

> > \ >

Nt et Naaar \\\\“ k\\\“ Nt

ANNWNN RN RN AR RN

& \ SN & \}. SN o ’Q\\

A 4 'y =
Moo oot Moo \:\.\\ﬂ” oo

A 1{,\\\ nh Q\\ AR A N ,
AN, i & A OO
R R NS LN A

AR TR :b\ 2
T o ey N
AT
B A AR

LA



CA 03049207 2015-07-03

WO 2018/129116 PCT/US2018/012284

13/17

?:f;,/"{///f?.

1
il dwi o o ol o o 4 (o o o B o o o e a a e o WY WA e WY e ™y o b o o e o o [ o
. L]

L}

. L]

1 - L]
. L

1 L] L]
. -

l. - s L
1 L] . L]
. -

L} - L
. L]

1 - L]
. L

1 L] L]
. -

L} - L
. . L]

1 - L]
. L

1 L] L]
. -

L} - L
. L]

1 - L]
. L

1 L] L]
. -

L} - L
. L]

1 - L]
. L

1 L] L]
. -

L} - L

i :
{
i

3

o 35U

e e A e e e e e e e o ok A A A A A A A A A

.
Q\\E}R\\Qs
A
SRR
SRR
SR
% :‘:S: 4 \\\}\ \\\\\
. » \\ ‘v‘ . .\\\- )
1‘%\\\6\ ;:'\\x\\“ & \‘3‘\‘:‘.
F ™ SR WS
\:} ,§: \.\\.\\“ AARAN
‘ . Y N
QR ™ oy e (::\ N PR
RO : U b, : oo \-“\\\\‘* .
Q] vy : N SN
R RS : N {k W MR f"\.,
W T RNy
SR N Frowd
\\:‘Q‘:-:x\\ ) A
N \%& s RASSRY
R QQ\ SARY *
s G
AN N
NI N A G
D § X i}
al \
PNSESS 3
N
R
el %
\
RN w % Q\\\x\}\
{":S‘ ‘%\‘:\\ % \\\\.\‘i
W 3 SN
N R Mo
\:\\ % \.\_\.\(‘b
RN 2 SN
N % ;}\\\\‘*’
§ = ™ AN
RN X R
X
=
=
=
=
=
=
=
=
N
N
S
N
N
N
N . . .

| \\\\\
R :
A . : :
\\\\\\\\\\\\\\
NN

-\\\\\
. \\ .
e eeeeraaaaean, R SRR SURSRRRRRRRRRR e, . ™
: : ; : - : Ve’
SO Q\_a\\\\‘\‘ i\_\\\\ SN ‘q.\\:\;_. SO
N \ Y, \
W x\\‘é \\\\"r‘\ E\x\\\é :‘i\\\\“ \\x\\’} ‘\‘\oe«\‘é
AN ,}x\x\-‘\‘ SN KRS NN R
" N " o) ) \ A
oo \\\\\“ 5‘\;\\%“} Soooe "’\\\\\&
N XUt s‘*\'\;t‘\\. SR >
N RN NN TN AR
Ry \\Q N N N X
s N \\% Y o« R A g
N W o e \ ™ .\ 'q \s \.'," AN WV N \‘:
R > N R A W N \ WG A N
TEIATRA§ AFEE IO IR %
b R Y AN RN,



WO 2018/129116

7

N
&N
*\%

Sy

\\x\‘

,/4

i\\‘ﬁ
\\E\W“
e

\&\\\3

15"

NN

N\
Nk

NN

\-:«s
S

SN

IR
ANNNNNNNAN

SR
\\\\
%\\}

W
NN

\\\\
\\\\\ $

‘i\"m\

N

N
RN

CA 03049207 2015-07-03

A

\\\
\\\\\\

\\\\\
\‘\\\\ 4\
\\\\\%

Q\\\

hy
m?*
R

N
AR

\\\\\\

SN

Y
MR

S
:\‘\\

S
\\

\\\\\\\
Nt

\
A\
A
\\‘\\\ 2N

NS

AR
s
s

\\\. N

SRR

-

SRR

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

16/17

-----------------------------------------------

vvvvvvvvvvvvvvvvvvvvv

+*
4
+*
4
*
4
+*
4
+*
4
»
4
4
4
4

: NN
4 k‘\ ‘ ‘
» ng }

eﬁﬁJ\

o
.'\\x '
W™ ":,
I‘ \\§.’l

AN S EY

------------------------------------------------

\‘d\tl

AN

N
B
Ny O

NN

o
RN
\\ \
\\\}
AN
\'\\‘
MDY

Ty

. \\\ L]
s\\ N

SRR 1

R

\\\\.

\‘u_ .

ke’
et

PCT/US2018/012284

Fiz, 18



CA 03049207 2015-07-03

WO 2018/129116 PCT/US2018/012284

17/17

SN
L
N
.
LR
\s\ o

\\\\‘&

§ N
SR

B
R

%W i : : : : : : ; :

NN " : : : : RN
§ h ' '

R Y- X A
\\\ : . T« N : . : AR
\‘\‘:@ Eé : ~§~\\\§“\ : : : \

"~ & R RN
N N : S S : 55 S
M EE\* \“\\\\%\\\\ :E :E . :E E: E: . AT A

. " o™ . " . . N o
\\S} : }“\ SRR,

FiG. 19

" e A RN I N
*“:‘*‘*{?‘2 ﬁ‘\\ \Q\ \*‘\ {
R RS L NY Py :\Q\ : : 55 R
& N N PN Y : : P3N
W \\\\\\\\:\ x\\\: S::.;;\ \:\t'\\“ \‘}\;:\\

B R % 'g i é‘““; 'E E B u\\\: &EQE:‘;
SRER N St : A N

: : . T : " : - SN
NS NN : \ N N
S 3N AN N RY : : S
% \ &&: \ \\ W 000D

& - e

$ \\ 3O S‘.\b

N \*\Q Qil\ ,‘S:Q\ N

) ) \.\ N N 0

\:\-\Q‘o

“*\Q\Q

N XN
T W3
R
S .
N o
SR
S
N
> W4
RN
%“W\
B R
SRR
N
s
RN
N )
NN o Q \s\\\\\
% &\ % \\\\‘&
| N

.
“
.

i At . AR s"\“\ &N, \}.{\.\ 2k N, Koabahl oY
WO X W Al Y AN A
e ~ N NN W WY
WWW RN WWW RN AN RN \ " (e N e \
\ \ \\\\-‘\ t’-\\x\*" :\l\\\‘b \\\t“ \\\&“"
RN RN o REV AR NN
';.\\\:3 t’-\\'\:’: \\"\"\:. \\\:‘} \\\:‘} S\\\:’t :\l\\x\}
N ~ Nt . . A R
“'S\\\ “\\\\ c_\\\ “w c‘\\\\\, “\.\\ ﬁ‘\'\\.\
\\\\‘:’ b\\\\"" \.\\\‘-‘ \x\\* \\\\‘} E‘\.\\.\‘k
§ N | e,
W o Y h S TIPS \t'\..\_"\ SR Y AR, AR W WA, R At R WA, 2
N T A S XN §:§ \\\\Q ) NN oo



.,/"f 288

- 234

ﬂ N R foooTy ,,

.\‘\-\\\-\-\-\-tuk-!-b- \\.\\sﬁ\.\\.\.\\\.\b‘ \\\N\\\\\\\\\\\-ﬁﬁ\ .\.!.. \-\\\-\\\-\\\tﬂ-\-\\ Fads \.\\-\k‘\.\\.\.\\.\- i \\\Y\\.\.\\\.\ \.\.ﬁ\ -\\#\\\\\\\\\\-\\\-\ \\\\\\\\\\\\\-\\\

’ - . .
[ . . -, . - ..
e el . - e . .4. - 1 -
.. s : : - L -.n .. . - - .n.. : - N . . ..
- - e . . A .

ssssssssssssssssssssssss

2 “ \“ :v. - an
,.-\.... : . . \n. 7 » V
ot e e, . ¢ 4 SRy -\\\.\..\ .\..\.0\
& et - . S s
... ..- .-.-...-I”. ........... .\\4 !.-\l‘" \ “ \\
-~ nn .."s . .“. > .\ “ “.
AR ix SRR /¢
A I R F “ /t
.Ju.”.. ) \\\\\\\\\\\\. . o ““.
* : s s s = = vc . - .. !' .\ :
PR
A -l!l\\v\\\i\\.\!i\.\-\-\\ & “ 4t
W\‘.\ .-\ﬂ\.«.‘ﬂ‘oio.l.)l..\-\i\\\\\-\\\\\\\ 7 o “ “
l - . - . . \ -‘ .\ ‘ ‘-
. T Y O 4 4 :
.n\ 7 Ry 7%
. L s \\\t&t$$$$$\\\\\\\\\&&ﬁ\A. % ‘8
s ... . P ~ :
S .o s - , s s = & c “ .\ \ \
T T o T o/ A Pl
~- a. .‘4.‘4.-1.11.!-1.-1\1\\\\.«.\\\\.1\\\\\ A A AAAA \»\-\.\ “ \ \
\\i“‘c\“‘a\.\‘l.l.‘.\.\\.\.\\.\.\\w.\.\\.\\-\.\.\ol\ \\\. ““
) - - .. . ey )
w ) :“\rd? : “”
. OO A S JE ‘-t
7. .n ', ) . '
A4 R Y .\\...nr\ .\Aﬂ. . “ .
\ - . v L4 " - . ..\.“-Ql.- o~ .. ‘ \
e Ly K SR * 2 Rt SR
. ) . = .. .. .- u s . \.\\Q\ .-‘.. . F)
£ .\.&‘ v .._w. ..”v. ”q.\-_\..\bh.. -\ “
IIIIIII . .\\. \\\\\\%\\\.\l\l\v\v\\ -.“- Ce e T \\NM“\
- \\“t-.\ ..... o ) \-.\u\-\.\v .\.\.\:\.\.\\ C o R
L.n\...\.\. " . . o Ve o R
..l'....l'....l'....l'....l'....l'....l'....l'.. : -l \ “ . \ “ “-
- . '
7 4t
\ . \
z5 L ‘4
||||| \I \ . s‘ \ \
g - % ‘
D0 ‘e % ‘r
2SN ‘e T o %
> fioe . 6 . BEEY .4
A B R A A AN AR AN A R ‘4
Ao SAUE B B ety B 8 55
. i o A nw“. 2 A% 44
. ..!.,..‘. Fa ..u -..0\.. : B Y 4 \. Y v‘\ l‘ s\ ) \
-‘Qi . ..-‘ e \. - ) .l_ \. \“ ”“\ “ “ 7’ “
.’ L8 *.F?r.“ “ 7, v.“ v P “ \
o’ L8 7 ) ’, -s_ v ” 4t
v 5 2 ‘b 0 1% 7t
s 5 L R CY e o R
e 5 4.7 5 2% % it
oy (/%K ‘ A K, A ‘
T A 7 %Y 5 3 "y
T o I A SVRA - R ‘8
LI B R R R R EREEREEREEREEREEREEREEREERENENENENRNENRRN)] l-.’.‘*‘lf “-“‘h ”“\‘ -w.. -l-o. “\\\\\\ h\‘\‘“‘\l.l..‘ “ “ -| .“ ““”
LA B AR R R R R R R R E R EEEEEEREER®R) - . “-l l- - .- “.
el “. S -...“ 482 2t
R Mo .:RRQS,\ CLAALLLIY 1 5 *
.\”.\u..\- wATLELEE i . “ “ N “ vt
” h\“‘-\“.l“ ............. ” - “ .“ ” ”-“ “ “”
\I\ l.lh..!i_sl.ll\‘.\\v\s.\\\.-“\L‘,\..\..\.\.(llri.v\.\L.M\p\I\M\. .-\. “ “
\\t L. s L ) I~ “ y \
-\ - . :
r X L S
g - % ‘
‘7 - % /r
v....\\b\.\ ’ " FE
i P ” 4t
.\s\s /ot
M, 74 5
" . \O.vs e a e e N *.. ) F
._‘..-.4..”\. . ) /
o e /Pt
e e 4t
\ “ | ] .
> .-1 e “ o “ “
llllllllll o — . = ‘s\‘ s ‘-.‘. E )
1 ﬂ u ~\» " 5 .Q!-.ut, “ .“ __“
2 a ] -l- > t».(\ \ \
- ‘t
?,,m ..¢ ........................ 5
h
/
PR
‘4
/Pt

iii\\\\*\&\\\i\\iﬂi
b Y

\\\\\\\\\\\

nnnnn
I-.. ...‘..6

+*
L4

."\

.\.‘t\IIll

T
.- ™
g

Y 1..\.\\.\ .\Lcﬂ.\.\\.\LCA\‘.\Cw.\....C\a.\Lc\.\LC\.\.\\.\.\\«\LC\..\.\L\.\.\\.\Lc\.\.\\.\\.\.\;\A\\.\\.\.\\.\.\\.\.\;\\.\ﬂr\.\\;\.\

..........

» - - ’ kb,
. e . e, . T . " - ..b. /, t " ; ..
-.~I.vl|l~l‘\~l~l‘\~l~l‘\~l~l‘\~l'l‘\~l.l A A A \4.1.!‘\~l~l‘\~l~l‘\~l~l‘\~l~l‘\4l~.laisl~l‘\~l~l‘\~l~l‘\~l~l‘\~l~l‘\ HI L) \.‘-l._\ -'e'e'. I‘i.f ‘- 'u" ' i\.\..‘.‘\\.\.\.\?ﬂ‘w‘~ Y..‘..\..\. e A A e ‘o e I‘\~l~l‘\~l~l‘\.~i-l|\~l~l‘\ql? A

..........

b
%

AR AR R R R R R R R
A
.

‘e
..

.....

lv(

L4 \-\\\-\\\.\\\.\-&-\-&- \.\-\-\\-\\\.\.\\\\\\-ﬂ\ \(-!-\-k- \.-1

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

- .

¢ -

-+
v‘.l
0

gs

\
3
\
s

\\\\\\\

4
NN A e

“« " ? ‘.I‘?\-.\\\. . .! '

- lqlq.ulqlc
I.v'vl \? .
L] ) -.
- - K
" -
“. . \ .
’
.. 2
" ¢
r - - .
. I
Y SCIEN
e “‘
“
it
- .c” R W\\\.\\\.\v\.\.\v\.\.\v\n&n\\ln.\.I-\..\.\.\..\.\.\.\.\.\.\.\.!-k-\\-\k‘\.\‘\‘\.\‘\\.\\\.\‘\.\.k-!-t-\.h\\.\.\.\.\.\.\.\‘h\\-\.l‘\.\\\.\v\\.\‘\‘\.\‘\.\.\‘\\.‘-\\.\‘\\.\‘k‘\.\‘\\.\‘\.\.\c
. N - -
ST ke, . . e . - " . ' 1\
.. . . -.. ) n\. ............. T o-. R I I ) .vq-

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

' n'-{.-;-;-{.\'-;-{.\'-;-.'.-.'-;-.'.-.'-;-{.-;-;-{.-.'-;-{.\'-;-.'.-.'-;-.'.-.'-;-{.-.'-;-.'.-.'-;-{.\'-;-.'.-.'-;-.'.-.'-;-{.-.'-;-.'.-.'-;-{.\'-;-.'.-.'-;-.'.-.'-;-{.-.'-;-.'.-.'-;-{.i-;-{.i-;-{.i-;-{.i-;-{.i-;-{.i-;-{.i-;-{.i-;-{.i-;-{.i-;-{.i-;-{.i-;-{.i-;-{.i-;-{.i-;-{.i-;-{.i-;-{.i-;-{.i-;-{.i-;-{.i-;-{.\

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

'
:
;“:‘z‘h

1\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\\.\.\.\.\.\.\.\.\.\.\.\\\.\u\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\\.\.\.\.\..\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\.\n\.\.\.\.\.\.\.\.\.\\.\.\\.\c\ .

Fita, 5B



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - abstract drawing

