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STABLE FROZEN HERPES SIMPLEX VIRUS FORMULATION

CROSS REFERENCE TO RELATED APPLICATIONS

{8001} This application clairns the benefit under 35 U.S.C. 119{e} of United States patent

application nuraber 62/093,663, filed December 18, 2014, which 1s incorporated herem by

reference.
BACKGROUND
{60021 Live viruses, such as herpes simplex virus, are typically unsiable for extended

periods of time at storage temperatures higher than ~80°C. Lack of thermo-stability poses a
challenge for such viruses, particalarly for therapeutic viruses in a hquid formulation. Such
therapeutic virus coraposttions must be stored and transported frozen and used soon after
thawing to maintain their therapeutically effective infectivity.

{0003] The fack of thermo-siability poses operational challenges that increase the cost of
manufachre, storage and transportation. During manufacturing operations, for example,
freere/thaw cvcles could lead to sub-optimal process vields and lack of necessary flexability in
the supply cham. Storage and transportation are also challenging resulting m complicated
handling and complex supply chains.

[8004] The lack of thermo-stability also poses commercial challenges. Live virus
compositions that require -80°C storage to insure stable sheli life lead to complex storage and
handling protocols for health care providers. Such limitations increase the risk of product returns
if stored incorrectly or it the entive product 18 not used. This has the potential to mncrease cost (o
the customer.

{80051 The mvention provides a hive virus formulation that can be used to stabilize and
preserve infectivity during multiple freeze/thaw cveles and during long term storage at cold and
ambient temperatures. The formudation reduces the consiraints dunmg manufacture,
{ransportation, storage and use of the virus, by providing flexibibity without foss of stability
and/or infectivity.

{0061 The growing field of oncolytic immumotherapy has increased the therapeutic use
of oncolytic viral compositions. Any iroprovernents to live virus compasitions that maindain

mfectivity and provide improved virus stabifity during one or more freeze/thaw cycles and/or
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during long term storage in a ligud state at temperatures ranging from just above freezing 1o
ambient temperatures would be operationally advantageous as well as greatly increase
converdence and flesability for the health care provider and patient. The mvendion fulfills this
need by providing such compositions,

SUMMARY OF THE INVENTION

{80071 In one embodiment the invention provides a live virus composiion compnsing a
herpes simplex virus, a protein, at least one sugar, sodium chlonde and sodium phosphate at pH
7.4, wherein the composition is frozen.

[B008] In one embodiment the composition mav be thawed and stored at 2°C 1o at {east
25°C. In arelated embodiment following thawing at 2°C {o at least 25°C, the hive virus
composition 15 frozen again and stored at a temperature of at least -30°C.

{8009] in another embodiment the composition may be thawed and stored at 2°C 1o 8°C.
In arelated emsbodiment following thawing at 2°C 1o 8°C, the hve virus composition is frozen

again and stored at a temperature of at feast -30°C.

[O0E0] In another embodiment the protein is partially hydrolyzed gelatin or human serum
albomin,
HEEY In another embodiment the concentration of partially hydrobyzed gelatin is from

0.01% to 19 (w/v},

{6012} In another embodiment the concentration of human serum albumin is from 0.25%
io 1%.
[0013] Tu another emboditoent at least one sugar 1s sorbuiol, myvo-nosuiol or sucrose. o

a related embodiment the concentration of sorbitol is 2% {(w/v}  In a related embodiment the
concentration of myo-inositol 1s 4% (w/v}. In arelated embodiment the concentration of sucrose

18 9% (w/v) to 158% (wivy

{00141 In another embodiment the concentration of sodium chlonde 15 145 m.

{80315] In another embodiment the conceriration of sodium chloride 15 about 145 mM.
[8016] In another embodiment the concentration of sodium phosphate 15 100 mM.
{8017} In another embodiment the concentration of sodium phosphate is about 100 oM.
[O0ER] In another embodiment the concentration of sodivm phosphate 15 102 mM.
[B019] In another embodiment the concentration of sodium phosphate s about 102 mM.
{00241 In another embodiment the partially hydrolvzed gelatin is porcine.

{80211 In another embodiment the virus 15 a herpes simplex virus 1.

{0022} In another embodiment the herpes simplex virus is a clinical 1solate.
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[B023] In another embodiment the herpes simplex virus is a clinical isolate from a
recurrent cold sore.

{30241 In another embodument the herpes siraplex virus 1 stramn is selected from the
group consisting of strain JS1, stramn 17+, strain F, and strain KOS,

{8025} in another embodiment the herpes simples facks one or more functional genes. In
a related embodiment the herpes sumplex virus lacks a functional ICP34 S-encoding gene. Ina
related embodiment the herpes sumplex virus lacks a functional ICP47-encoding gene. Ina
related embodiment the herpes simplex virus further lacks a functional ICP6—encoding gene, a
functional ghveoprotein H-encoding gene or a functional thymidine kinase~encoding gene. Ina
related embodiment the herpes simplex virus lacks a funciional vhs—encoding gene. In another
related embodiment the herpes simplex virus lacks a functional UL43-encoding gene. Ina
related embodiment the herpes sumplex vinus lacks a fonctional VMWeencoding gene, a
functional ICPG-encoding gene, a functional ICP4-encoding gene, a functional ICP22-encoding
gene, or a functional ICP27-encoding gene. o a related embodiment a modification 1o the
herpes simplex virus has been made such that the Us11 gene is expressed as an early gene. Ina
related embodiment the herpes sivoplex viras comprises one or more heterologous genes and/or
viral geves. In a related ermnbodiment the heterologous gene and/or viral gene 15 selected fromthe
group consisting of a gene encoding a cviotoxin, an immunomodulatory protein, a tumor antigen,
prodrug activator, a fumor suppressor, a prodrug converting enzyvme, proteins capable of causing
cell to cell {usion, a TAP mhibiior, viral protein Usll, antisense RNA molecule, or a riboryme.
In another related erobodiment the heterologous gene and/or viral gene 1s selected from the group
congisting of a gene encoding IL-12, granulocyte macrophage colony stinmating factor (GM-
C8F), cvtosine deaminase, gibbon ape leukaemia fusogenic glycoprotein, bovine herpesvirus
{(BHV) UL49 8 polvpeptide or viral protem Usi L

{80261 In another embodiment the herpes simplex virus is selacted from the group
consisting of talimogene Iaherparepvec, Seprehvir™ (HSV-1716}, G207, OrienX010, NYV1020,
MO32, ImmmunoVEX, NSC-T733972, HF-10, BY-2711, IX-594, Myb34.5, AE-018, Brainwel™,
Heapwel™, and OneoVEX YD,

{80271 In another embodiment the method for katling tumor cells in a patient comprising
administering to a subject in need thereof a live vivus coraposition described above under
conditions effective to kill turnor cells 1o the pattent. In a related embodiment the live virus
composition is admunistered in combination with a check point indubitor. In a related
embodiment the live virus composition is adnunistered prior to, simultaneously with or

following the checkpoint inhibitor. In a related ersbodiment the tumor cells are selected from the

5]
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group consisting of astrocytoma, oligodendroghioma, meningioma, neurofibroma.ghioblastoma,
gpendymoma, Schwannoma, neurcfibrosarcoma, medulloblasioma, melanoma cells, pancreatic
cancer cells, prostate carcinoma cells, breast cancer cells, hung cancer cells, colon cancer cells,
hepatoma cells, mesothelioma, bladder cancer cells, and epidermoid carcinoma cells. Ina
related embodiment the patient is a human. In a related embodiment the admunistration is carried
out by njection.

{f28] In another embodiment infectivity is increased compared to the same live virus

composition lacking a protein.

FIGURES

{30291 Fig. 1. Effect of buffer and salt content on freeze/thaw stability. Solid diamond,

solid ne: 10 mM Naphos, Open circle, dashed line, 10mM Kphos, Solid circle, solid line: 160

mM Kphos; Solid square, solid hine: 73 mM NaCl; Open square, dashed fine: ¢ mM NaCl, and

Solid diamond, dashed line: control.

0036 Fig. 2A. Effect of sugar concentration on freeze/thaw stability. Sohid square, solid

line: 9% sorbitol, Open square, dashed line: 15% sorbitol, and Solid diamond, dashed line:

control.

{80311 Fig 2B Effect of sugar concentration on freeze/thaw stability. Solid square, solid

lineg, 9% sorbitol, Solid iriangie, solid line: 15% sucrose, Open sguare, dashed line: 9% trehalose,

and Open triangle, dashed Hine: 15% trehalose.

{08321 Fig. 3 Effect of protewy/sugar combinations on stability dunng freeze/thaw. Solid

square, solid line: 9% sucrose, 2% anti-streptavidin mAb, Open square, dashed line: 995 sucrose,

2% phGelatin, Solid circle, solid line: 4% rHSA, Open circle, dashed line: 4% phGelatin, and

Sohd diamond, dashed hne: control.

{30331 Fig. 4A Effect of sugar and protein excipients on hquid stability at 2-8°C. Solid

square, solid line: 2% rHS A, Open square. dashed line: 2% phGelatin; Solid circle, solid line:

15% trehalose, Open circle, dashed hime: 15% sucrose, Solid triangle, solid ne: 9% sucrose, 2%

rHS A, and Sohid diamond, dashed hine: control.

[0034] Fig 4B Effect of sugar and protemn excipients on liquid stability at 25°C. Solid

square, solid line: 2% rHS A, Open square, dashed line: 2% phGelatin, Open circle, dashed line:

15% sucrose, Solid triangle, solid Hine: 9% sucrose and 2% rHSA, and Sohid diamond, dashed

fine: control.

{0835} Fig 5 The effect of rHSA and phGelatin concentration on stability during

freeze/thaw cycles. Solid square, solid ling: 1% rHS A, Solid inangle, solid line: 2% rHS A, Sohd
4
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circle, solid Hine: 4% rHSA, Open square, dashed line: 1% phGelatin, Open triangle, dashed kine:
2% phGelatin, Open circle, dashed line: 4% phGelatin, and Solid diamond, dashed line: control.
{80361 Fig 6A The effect of THS A and phGelatin concentration on stability during liguid
storage at 25°C. Solid square, solid hine: 1% tHS A, Solid triangie, solid line: 2% rHS A, Solid
circle, solid ine: 4% rHSA, Open square, dashed line: 196 phGelatin, Open triangle, dashed line:
2% phGelatin, Open circle, dashed line: 4% phGelatin, and Solid diamond, dashed line: control.
{08371 Fig 6B The effect of THSA and phGelatin concentration on stability during hguid
storage at 2-8°C. Solid square, solid line: 1% rHSA, Solid tnangle, solid fine: 2% rHS A, Solid
circle, sohid line: 4% rHS A, Open square, dashed hne: 1% phGelatin, Open triangle, dashed line:
2% phGelatin, and Open circle, dashed hine: 4% phGelatin, Solid diamond, dashed line: control.
{8038] Fig. 7A The effect of different grades and sources of rHSA on liguid stability at
23°C. Sohid square, solid line: 2% phGelatin, Sclid cirele, solid line: 2% Sigma, Open triangle,
dashed line: 2% Novozyme Alpha, Open circle, dashed hine: 2% Novozyroe Albix, and Open
diamond, dashed line: 2% Novoryme Prme.

[0039] Fig 78 The effect of dufferent grades and sources of tHSA on hquid stability at
25°C. Solid square, solid line: 2% phGelatin, Sohd curcle, sohd line: 2% Sigma, Open tnangle,
dashed line: 19 Novoryme Alpha, Open arcle, dashed ling: 2% Novoryme Alpha, and Open
diamond, dashad line: 4% Novozyme Alpha.

{8040] Fig. 7C The effect of different grades and sources of tHS A on hguid stability at
25°C. Sohd square, solid hine: 2% phGelatin, Solid cirele, solid ine: 2% Sigma, Open triangle,
dashed hine: 19 Novozyme Albix, Open aircle, dashed line: 2% Novozyroe Albix, and Open
diamond, dashed line: 4% Novozyme Albix.

[0041] Fig 70 The effect of different grades and sources of tHS A on liguid stability at
25°C. Solid square, solid line: 29 phGelatin, Sohd circle, sohd line: 2% Sigroa, Open inangle,
dashed line: 1% Novozyme Prime, Upen circle, dashed line: 2% Novozyme Prime, and Open
diamond, dashed tine: 496 Novoryme Prime.

{00421 Fig 8A The effect of 0.25 - 1.0% phGelatin on stability during freeze/thaw cycles
at 10" PFU/MmL. Sohd square, solid fine: 0.23% phGelatin, Solid circle, solid line: 0.5%
phGelatin, Solid triangle, solid hine: 1.0% phGelatin and Sohd diamond, dashed hine: control.
[B043] Fig 8B, The effect of 0.25 — 1.0% phGelabn on stability during freeze/thaw cveles
at 10° PFU/miL. Solid square, solid Hne: 0.25% phGelatin, Solid circle, solid line: 0.59

phGelatin, Solid triangle, solid line: 1.0% phGelatin and Solid diamond, dashed line: control.
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{0044 Fig 8C The effect of .25 ~ 1.0% phGelatin on liquid stabifity at 2-8°C at 10°
PFU/ /mL. Sohd square, solid hne: 0.23% phGelatin, Solid circle, solid line: 0.5% phGelatin,
Sohd triangle, solid line: 1 0% theiaﬁn and Sohd diarnond, dashed hine: control,

{0045} Fig 8D The effect of ~1.0% phGelatin on liquid stability at 2-8°C at 10°
PFU/mL. Sohd square, solid line: 0.25% phGelatin, Solid circle, solid line: 0.53% phGelatin,
Solid triangle, solid hne: 1.0% phGelatin and Solid diamond, dashed ling: control.

[0046] Fig 8E The effect of 0.25 — 1.0% phGelatin on liquid stability at 23°C at 10°
PFU/mL.  Solid square, solid line: 0.25% phGelatin, Solid circle, sohid line: 0.5% phGelatin,
Sohd triangle, sohid ling: 1.0% phGelatin and Sohd diamond, dashed hine: control.

{30471 Fig. 8F The effect of 0.25 — 1.0% phGelatin on liquid stability at 25°C at 10°
PFU/mL. Solid square, solid line: 0.23% phelatin, Solid circle, solid ling: 0.5% phGelatin,
Solid iriangle, solid line: 1.0% phGelatin and Solid diamond, dashed ling: control.

{00481 Fig §G. The effect of 0.01%- 0.5% phGelatin on Hquid stability at 2-8°C at 10°
PFU/mL. Solid square, solid line: 0.01% phGelatin, Solid triangle, solid line: 6.05% phGelatin,
Open circle, solid hine: 0.1% phGelatin, Star, dashed line: 0.25% phGelatin. Soiid circle, solid
fine: 0.5% phGelatin and Solid diamond, dashed hine: control.

{30491 Fig. 8H. The effect of 0.01%- 0.5% phGelatin on Hquid stability at 25°C at 10°
PFU/mL. Solid square, solid line: 0.01% phGelatin, Solid triangie, solid hine: $.05% phGelatin,
Open circle, sohid ling: 0.1% phGelatin, Star, dashed line: ¢.25% phGelatin. Solid circle, solid
fine: 0.5% phGelatin and Sohid diarmnond, dashed tine: control.

[0056] Fig DA, The effect of 0.25 — 2.0% on stability during freese/thaw cycles at 10°
PFU/mL. Solid square, solid line: 0.25% rHS A, Solid triangle, solid line: 0.5% rHSA, Open

friangle, sohid line: 1.0% sHSA, Star, solid hine: 2.0% rHS A and Solid diamond, dashed line:

control.

{0051} Fig. 9B. The effect of (.25 ~ 2.0% on stability during freeze/thaw cycles at 10°
PFU/MmL. Solid square, solid line: 0.25% rHS A, Solid triangle, solid line: 0.5% rHSA, Open
inangle, solid hine: 1.0% vHSA, Star, sohd line 2.0% rHSA and Solid diamond, dashed tine:

conttrol.

{0052} Fig. 9C. The effect of (1.25 ~ 2.0% rHSA on liquid stability at 2-8°C at 10°

PFU/mL, over time, 1n weeks. Sohid square, solid hine: 0.25% tHS A, Solid inangle, solid hine:
0.5% tHSA, Open triangle, solid lime: 1.0% rHS A, Star, solid Iine: 2.0% rHS A and Sohd
diamond, dashed hine: control.

{80531 Fig. 9D. The effect of 0.25 — 2.0% fHSA on Hquid stability at 2-8°C at 10°

PFU/mL over time, it wegks. Sohd square, solid line: 0.25% vHSA, Solid tnangle, solid line:

6
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0.5% tHS A, Open tniangle, solid line: 1.0% rHSA, Star, solid line: 2.0% rHS A and Soiid
diamond, dashed line: control.

{30541 Fig. 98 The effect of 0.25 - 2.0% rHS A on stability liquid stability at 25°C at 10°
PFU/mL over time, in days. Solid square, solid line: 0.25% rHS A, Solid triangle, solid line:
0.5% tHSA, Open triangle, sohid line: 1.0% tHSA, Siar, solid ling: 2.0% rHSA and Solid
digmond, dashed Hne: control.

[0S5] Fig OF The effect of 0.25 - 2.0% rHS A on stability Hiquid stability at 25°C at 10°
PFU/mL 10% PFU/mL over time, in weeks. Solid sguare, solid line: 0.25% rHSA, Solid triangle,
sohid Hine: 0.5% rHS A, Open (nangle, solid hine: 1.0% vHS A, Star, sohid line: 2.0% HS A and
Sohd diamnond, dashed hine: control,

{00561 Fig. 10A Long term frozen stability at -30°C at 10° PFU/mL. time in weeks.

Solid square: {1.5% phiGelatin, Sohid circle: .5% tHS A and Solid diamond, dashed fine: control
{00571 Fig 10B Long term frozen stability at -30°C at 10° PFU/mL, time in weeks.

Solid square: 0.5% phGelatin, Solid circle: 0.5% tHS A and Solid diamond, dashed line: control.
{B0S8] Fig. 10C Long term frozen stability at -70°C at 10° PFU/mL, time in weels.

Sohd square: 0.5% phGelatin, Solid circle: 0.5% rHS A and Sohd diamond, dashed hne: control.
{0891 Fig. 10D Long term frozen stability at ~70°C at BY 10° PFU/mML, time in weeks.
Solid square: 0.5% phGelatin, Solid circle: 0.5% rHSA and Solid diamond, dashed fine: control.
{0868] Fig TOE. Stability during freeze/thaw cycles at 10° PFU/mL. Solid square: 0.3%
phGelatin, Solid civcle: ¢.5% rHSA and Solid diamond, dashed lineg: control,

{0061} Fig 10F. Stability during freeze/thaw cveles at 10° PFU/mL. Solid square: 0.5%
phGelatin, Solid circle: 0.5% rHS A and Sohid diamond, dashed hine: control.

{00621 Fig. 10G Long term liguid stability at 2-8°C at 10° PFU/miL, time in weeks. Solid
sguare; 0.5% phGelatin, Solid circle: 0.5% rHS A and Sobid diamond, dashed hne: control.
{00631 Fig. 10H Long term liguid stability at 2-8°C at 10" PFU/mL, time in weeks. Solid
sguare: 0.5% phiGelatin, Solid circle: 0.5% rHS A and Solid diamond, dashed line: control
{00641 Fig 101 Long tervm liquid stability at 25°C at 10° PFU/mL time in weeks. Solid
square: (0.5% phGelatin, Solid circle: ¢.5% rHS A and Solid diamond, dashed line: controb
{0065] Fig. 10J Long term liguid stability at 25°C at 10° PFU/mL, time in weeks. Solid
square: 0.5% phGelatin, Solid circle: 0.5% rHS A and Solid diamond, dashed hine: control.
80661 Fig. 1A Static storage at 2-8°C of 10° PFU/mL, fime in weeks. Solid square,
dashed line: buffer + 0.5% phizelatin, Solid circle, dashed line: buffer + 0.5% rHS A, Solid

diamond, dashed tine: Buffer control. Solid square, solid fing: formulation + (.5% phGelatin,

3
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Sohd circle, solid line: formulation + 0.3% rHS A, and Solid Diamond, solid line: formudation
control.

80671 Fig. 11B. Frozen at ~70°C, then stored at 2-8°C (1 freeze-thaw cycle) of 16°
PFU/mL, time in wesks. Solid square, dashed line: buffer + 0.5% phGelatin, Solid circlg, dashed
ling: buffer + 0.3% rHS A, Solid diamond, dashed line: Buffer control. Solid square, solid line:
formulation + 0.5% phGelatin, Solid aircle, solid hne: formulation + 0.5% rHS A, and Sohd
Diamond, solid hne: formulation condrol.

[0068] Fig 12A. Static storage at 2-8°C of 10* PFU/mL, time in weeks. Solid square,
dashed line: buffer + 0.5% phGelatin, Solid aircle, dashed line: buffer + 0.5% rHSA, Solid
diarmnond, dashed hne: Buffer control. Sohid square, solid hine: forroulation + 0.53% phGelatin,
Sohid circle, solid line: fornmdation + 0.5% rHS A, and Solid Diamond, solid line: formulation
control.

[8069] Fig. 12B. Frozen at -70°C, then stored at 2-8°C (1 freeze-thaw cvele) of 10
PFU/mL, time in weeks. Solid square, dashed line: buffer + 0 3% phGelatin, Solid circle, dashed
iine: buffer + 0.5% rHS A, Solid diamond, dashed line: Buffer conirol. Solid square, solid line:
formulation + 0.5% phGelatin, Sohid circle, sohid ling: formulation + 0.5% tHS A, and Solid

Diamond, solid line: formulation control.

DETAILED BESCRIPTION OF THE INVENTION

{80701 The mvention described herein provides a live virus composition that can be used
to stabilize and preserve nfectivity during nultiple {reeze/thaw cycles and during long term
storage at near freezing and ambient temperatures. The composition reduces the challenges
during manufacture, transporiation, storage and use, by providing Hexibility for freeze thaw.
The mventive live virus compostiion protects the tive virus from damage that tvpically occurs
during freeze/thaw cycles and, i the liquid state, it provides stability at 2-8°C or at arnbient
femperatures, while maintaining good stability during frozen storage at temperatures -30°C and
colder.

[0871] The herpes virus pariicle 18 a complex structure counsisting of a double-stranded
DNA genome packaged withun an 1cosahedral protein capsid that is enveloped in a cell-derived
membrane bifayer. Sandwiched batween the capsid and the lipid envelope 15 a layer of viral
proteins known as the tegoment [1,2]. The presence of a membrane envelope s a distinguishing
feature of many different types of aniroal viruses. In forowlating compositions to stabilize live
viruses, the lipid envelope appears to confer significant physical instability 1o the viral particle,

making it difficult to stabilize this class of viruses, especially when compared {0 non-enveloped

g
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mammalian viruses such as adenovirus, reovirus, and poliovirus. For example, at 2-8°C storage,

Adenovirus Type 3 has been shown to be stable for 2 vears, and polioviruses and reoviruses for

at least 1 year [3-5]. Poxvirus appears to be the only enveloped ammal virus exhibiting sinular

extents of storage stability at similar temperatures. However, poxvirus is siructurally distinct

from other enveloped animal viruses as it contains a double envelope and other structural

differences 6,71 Indeed, poxviruses are remnarkably stable as demonsirated by the long term

storage observed in archived tigsues, environmental samples, and lab storage of dried samples at

2-8°C for over 60 vears {812}

10672

Of the enveloped hve virus products approved in the US [13], all but one {a

poxvirus vacemne; ACAM2000) contains PHG (Table 1) (though, as discussed above, however,

poxviruses are known 1o be particularly stable in a variety of environmenis}). As ilustrated in

Table 1, even live virus formulations witiizing PHG require tvophilization, indicating that the use

of PHG 15 not sufficient o iropart adequate storage stability of a iquud composition at, e.g., 2-

§°C. FluMist™, although not lyophilized, may be stored at 2-8°C as a liquid composition. albeit

for a relatively short duration of approximately 18 weeks. In conirast, the composition of the

present invention allows for hive virus iquid formulations demonstrating storage stability of at

feast 9 months (39 weeks) at 2-8°C, a significant increase over previous hive virus higuid

formulations.

Table 1. Stability of US-approved live virus products

Product Name | Virus (Family) Presentation Storage Shelf-
Condition {ife

MMR I Measles {(Paramyxo} Lyophilized 2°C to 87" 24 mo.”
{(Merck} Mumps (Paramyxo)

Rubella {Togavirus)
ProQuad” Measltes (Paramyxo} Lyophilized 210 8°C" 18 mo.”
{Merck) Mumps {(Paramyxo}

Rubella (Togavinis}

Varicella {(Herpesvirus) 7
Varivax® Varicella zoster virus Lyophilized 210 8¢’ 24 mo.
(Merck) {(Herpesvirus)
Zostavax” Varicella zoster virus Lvophtlized 210 8°C 8 mo.
Merck} {Herpesvirus)
YE-Vax" Yellow Fever virus Lyophilized 2°C o 8°C° n/a.
{Sanofl Pasteury | (Flavivirus}
FluMist” Influenza vires Liguid 2°C 10 8°C° ~18
{(Medinwmune) {Orthomyxovirus) {prefilled IN weeks”

sprayver)

¥

See Merck vaccineg-storage-handling on Merck webstite

g
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See FDA onling approved vaccine information (UCM 142831}

See FDA online approved vaceime information {UCM294307)

&

" See New Zealand Medsafe online datashest

[

Sse New Zealand Medsafe online datashest

o

See FDA ondine approved vaccine mnformation (UCM 142812}

Sea FDA online approved vaccine information {UCMZE5015)

o

See online EPAR Product Information

? See CDC September 5, 2014 online Morbidity and Mortality Weekly Report

{073 The composition of the present invendion also prevents mactivation of the virus
due to freeze thaw damage. The ability to freeze and thaw a drug product or intermediate
product without loss of potency {or activity ) 1s of tremendous value because i allows for
Hexibility 10 the manufacturing process design, labeling, packaging operations, supply chain
distribution of the final product, and health care provider handling. For example, a live virus
formulation which protects against freeze-thaw damage may be re~froren if acaidentally thawed
or unused, thus reducing the amount of drag loss. However, biologies typically experience some
damage due to a freeze thaw operation and thus are generally hmited 1o a single freeze-thaw
cycle to minimire the loss of potency [14,15] Among the live virus products histed in Table 1,
none of the lvophilized products may be refrozen after reconstitution. In addition, FlaMist™ may
not be {rozen for later thawing and use. As shown in Figures 10E and 10F, the compositions of
the present invention maintained potency through 10 freeze-thaw cycles, whereas the control lost
>2 logs and >1 log of titer, respectively. This benefit is realized over a relatively wide range of
PGH concentrations as shown in Figures 9A and 98,
{60741 Moreover, the addition of PH{ (o the compositions described herein prevended the
formation of visible and sub-visible particles. Product appearance i3 an important prodact
attribute; a product which does not meet its specified appearance criteria could result in the
rejection or recall of the relevant virus lot. The formation of particulates, etther during
manufacture or at later times {e.g., during storage), is a significant concern with all biologics.
The addition of PHG to the compositions sigmficantly reduced the amount of particulates present
in the final product etther afier moanufacture (Figures 11A and 12A) or after a freeze thaw
(Figures 118 and 12B). 1t 13 noted that, in the absence of PHG, the compositions exhibited high
ievels of particulates. This appears io be the first report of PHG preventing particulate formation
0 such a significant extent.
{0751 Accordingly, the invention provides a live virus coroposition comprising a herpes
straplex virus, a protein, at least one sugar, sodium chlornde and sodium phosphate at pH 7-8,
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wherein the composition is frozen. The invention also provides a live virgs composition
comprising a herpes simplex virus, a proten, at least one sugar, sodium chionde and sodium
phosphate at pH 7 4, wherein the composition is frozen. In one embodiment the hive virus
composition is thawed and stored at 2°C to at least 25°C. In another embodiment the live virus
composition is thawed and stored at 2°C to 25°C. In another embodiment the virgs composition
15 thawed and stored at 2°C {0 8°C. In another embodiment, following thawing, the live virus
composiiion 1s refrorzen. In vel another embodiment, following thawing, the live virtus
composifion is refrozen and stored at a temperature of -36°C or below.

{30761 In some embodiments, the virus compaosition s thawed, stored, and refrozen (1.e.,
undergoes a freefthaw oyele) 1,2, 3,4, 5,6, 78,9, 10, V1, 12, 13, 14,15, 16, 17, 18, 19, or 20
times. In some embodiments, the virus composition 1s thawed, stored, and refrozen (e,
undergoes a fres/thaw cveleyatleast 1, 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, 15,16, 17, 18, 19,
or 20 times,

0877} Tu another ernboditoent the protein s partially hydrolvzed gelatin (PHG) or
human serum albumin. In some embodiments, the concentration of PHG 1s from 0.01% 10 1%
{(w/v}. In one embodiment, the partially hydrolyvzed gelatin is porcine. In some emboduments,
the concentration of PHG is from 0.01% t0 4%, 0.1% 10 4%, 0.1% t0 3.5%, 0.1% 10 3%, 0.1% to
2.5%, 0.1% 10 2%, 0.1% 10 1.5%, 0.01% 10 1%, 0.1% 10 1%, 0.2% 10 1%, 0.3% 10 1%, 0.4%

1%, 0.3% 10 0.9%, 0.3% 10 0.8%, 0.3% t0 0.7%, 0.3% 10 0.6%, or 0.4% 10 0.6% (w/v). Insome
embodiments, the conceniration of PHG 1s from about 0.01% 1o about 4%, about $.1%6 1o aboud
495, about ©.1% o about 3.5%. about 0.1% to about 3%, about 0.1% to about 2.5%, about 0.1%
to about 2%, about 0.1% to about 1 5%, abowt 0.01% to about 1%, about 0.1% to about 1%

about 0.2% to about 196, about 0.3% to about 1%, about $.4% to about 1%, about 0.3% 1o abowt
.9%, about .3% to about 0.8%, about 0.3% {0 about 0.7%, about 0.3% 1o about 0.6%, or about
0.4% to about 0.6% (w/v). In other embodiments, the conceniration of PHG 1s about 0.1%,
about 0.2%, abowt 0.3%, about 0.4%, about 0.5%, about 0.6%. abowt $.7%, about 0.8%, about
0.9%, about 1%, about 1.5%, about 2%, aboui 2.5% , about 3%, about 3.5%, or about 4% {(w/v).
in other embodiments, the conceniraiion of PHG 1s 0,19, 0.2%, 0.3%, 0.4%, 0.5%, $.6%, 0.7%,
0.8%, 0.9%, 1%, 1.5%, 2%, 2.5%, 3%. 3 5%, or 4% (w/v}. In a particular embodiment, the
concentration of PHG is about 0.5% (w/v). In yet another embodiment, the concentration of
PHG 18 0.5% (w/v). In another particular embodiment, the concentration of porcine PHG s
about 0.5% (w/v). Inyet another embodiment, the concentration of porcine PHG 15 0.5% (w/v).
in embodiments wherein the protein s human serum albumun, the concentration of human serum

altbumin is from about 0.25% to about 4%, about 0.25% 1o about 3.5%, about 0.25% 1o about
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3%, about 0.25% 1o aboutl 2.5%, about 0.25% to about 2%, about 0.25% 1o about 1.53%, or about
0.25% to about 1% {(w/v). In other embodiumentis wherein the protein 1 human serum albumin,
the concentration of human serum alburnin s from 0.25% 10 494, 0.25% 1o 3.5%, (0.25% 10 3%,
0.25% t0 2.5%, 0.25% to 2%, 0.25% 10 1.5%, or 0.25% 1o 1% (w/v}

{80781 in another embodiment the ai least one sugar 1s sorbitol, myvo-inositol or sucrose.
In some embodiments, the concentration of sorbitol 15 2% (w/v} In other embodiments, the
concentration of sorbitol 1s about 2% (w/v), In other embodiments, the conceniration of sorbiiol
is about 0.53%. about 19, about 1.3%, about 1.6%. about 1.7%, about 1.8%, about 1.9%. aboui
2%, about 2.1%, about 2.2%, about 2.3%, about 2.4%, about 2.5%, about 3% about 3.5%, about
4%, about 4.5%, or about 3% (w/v}. In other emboduments, the concentration of sorbitol is
(.59, 19, 1.5%, 1.65, 1.7%. 1 8%. 1.9%, 2%, 2 1%, 2.2%, 2.3%, 2.4%. 2.5%. 3% 3.5%, 4%,

4 5%, or 5% {w/v}. In other embodiments, the concentration of sorbiiol is about 0.61% to about
3%, about 0.1% {0 about 5%, about 0.5% to about 5%, about 0.5% to about 4%, about 0.5% o
about 3%, about 1% to about 3%, about 1 3% to about 2.5%, aboui 1 6% 1o about 2.4%, about
1.7% to about 2.3%, about 1.8% to about 2.2%, or about 1.9% to about 2.1% (w/v). in other
embodiments, the congentration of sorbitol 15 0.01% 10 5%, 0.1%5 10 5%, 0.5% t0 5%, 0.5% 1o
4%, 0.5% {0 3%, 1% (0 3%, 1.5% 10 2.5%, 1.6% 10 2.4%, 1.7% 10 2.3%, 1.8% 10 2.2%, or 1 9%
10 2.1% {(w/v}. In embodimenis wherain the at least one sugar is myo-inositol, the concentration
of myo-inositol 1s 4% (w/v) In another embodiment, the concentration of myo-inostiol is about
4% (w/v). In embodiments wherein the at least one sugar is sucrose, the concentration of sucrose
15 9% {(w/v)io 153% {(w/v). In another embodiment, the concentration of sucrose 18 about 9%
{w/v} to about 15% {(w/v).

{60791 In one embodiment the concentration of sodium chloride 1s 145 mM. In another
embodiment the concentration of sodium chloride is about 145 mM. In some embodimenis the
concentration of sodium chioride is 10 10 300 mM, 10 to 300 mM, 30 to 300 miM, 30 to 230 mM,
100 to 250 mM, 100 10 200 mM, 100 {0 190 mM, 100 10 1830 mbM, 11010 180 mM, 126 {0 180
mM, 120 {0 170 oM, 130 t0 170 mbM, 13010 160 miM, 140 to 160 yuM, or 14010 150 mM. In
some emmboditnents the concentration of sodium chionde 15 about 10 to abouwt 360 mM, gbout 10
to about 300 mM, about 50 o about 300 mM, about 50 to about 250 mM, about 100 to about 250
md, about 100 to about 200 mM, about 100 to about 190 mM, about 100 to about 180 mM,
about 110 to about 180 mM, about 120 1o about 180 mM, about 120 to about 170 mM, about 136
1o about 170 M, about 130 to about 160 mM, about 140 to about 160 mM, or about 140 1o
about 150 mM. In some embodimenis, the concentration of sodivm chlonide 1s 135 mM, 136

mM, 137 mM, 138 mM, 139 mM, 140 mM, 1471 moM, 142 voM, 143 mM, 144 moM, 143 mM, 146
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mM, 147 mM, 148 mM, 149 M, 1530 M, 151 mM, 152 mM, 153 mM, 154 mM, or 155 mM.
In some embodiments, the concentration of sodium chioride 15 about 135 mM, about 136 mM,
about 137 oM, about 138 ;M. about 139 M, about 140 mM, about 141 mM, about 142 mM,
about 143 M, about 144 mM, about 145 mM, about 146 mM, about 147 mM, about 148 mM,
about 149 mM, aboui 1530 mM, about 151 mM, about 152 mM, about 153 mM, about 154 mM,
or about 155 mM.

[0086] o one embodiment the concentration of sodium phosphate 15 100 pbd. In another
embodiment, the concentration of sodium phosphate 15 about 100 mM. In another embodiment
the concentraiion of sodiom phosphate 13 102 mM. In vet ancther embodiment, the
concentration of sodium phosphate 1s about 102 aM. In some emboduments the concerdration of
sodium phosphate is 10 to 500 mM, 10 to 300 mM, 50 to 300 mM, 50 to 230 mM, 30 to 150
mM, 64 to 140 mM, 70 to 130 mM, 80 ic 120 mM, 90 to 114 mM, 91 {o 169 mM, 92 1o 108
mM, 93 {0 107 M, 94 to 106 mM, 85 {0 105 mbM, 96 to 104 mM, 97 1o 103 mM, 98 ¢ 102
MM, or 99 10 101 nML In some embodiments the concentration of sodium phosphate 15 about 10
to about 300 mM, about 10 to about 300 mM, about 30 to abowt 300 mM, about 50 {o about 250
M, about 50 to about 158 mM, abowt 60 to about 140 mM, about 70 to about 130 mM, about
80 1o about 120 mM, about 90 to about 110 mM, about 91 to about 109 miM, about 92 to about
108 mM, about 93 to abowt 107 mM., about 94 to about 106 mM, about 95 1o about 103 mM,
about 96 io about 104 mM, about 97 to about 103 mM, about 98 (o about 102 mM, or about 99
o about 101 mM. In some embodiments, the concentration of sodim phosphate is 90 M, 91
mM, 92 mM, 93 mM, 94 M, 95 M, 96 M, 97 mM, 98 mM, 99 mbd, 100 md, 101 mdg, 102
md, 103 mM, 104 ;oM. 105 ;oM. 166 ;M. 107 ;oM. 108 mM, 109 mM, or 110 mM. In some
embodiments, the concentration of sodium phosphate is about 90 mM, aboui 91 mM, about 92
mM, abowt 93 mM, about 94 mM, about 93 M, about 96 mM, about 97 mM, about 98 mM,
about 99 mM, abowt 100 mM, about 101 mM, about 102 mM, about 103 mM, about 104 mM,
about 105 mM, aboui 106 mM, about 107 mM, about 108 mM, about 169 mM, or about 110
md,

[0081] Tu a particular erobodimsent, the invention provides a composition comprising a
herpes simplex virus, partially hydrolyzed gelatin, sorbitol, sodium chioride and sodinm
phosphate, at pH 7-8 or pH 7.4. In another embodiment, the composition comprises a herpes
siraplex virus 1, partially hvdrolyzed porcine gelatin, sorbitol, sodiurn chlonde and sodium
phosphate, at pH 7-8 or pH 7.4, In another embodiment, the composition corprises a herpes
stmplex virus 1, partially hydrolyzed porcine gelatin at a concentration of about 0.5% {w/v},

sorbitol at a concentration of about 2% {w/v}, sodium chloride at a concentration of about 145
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mM, and sodium phosphate at a concentration of about 100 mM, at pH 7-8. In another
embodiment, the composition comprises a herpes simplex virus 1, pariially hydrolyred porcing
gelatin at a concentration of about 0.5% (w/v}, sorbitol at a concentration of about 2% {(w/v),

sodium chloride at a concentration of about 145 mM, and sodium phosphate at a concentration of

(4

about 102 mM, at pH 7-8. In another embodiment, the composition comprises a herpes simplex

virus §, parhally hydrolvzed poraine gelatin at a concentration of about 0.5% (w/v), sorbitol at a

concentration of about 2% {(w/v), sodium chlonide ai a concentration of about 145 mM, and

sodium phosphate at a concentration of about 106 mM, at about pH 7 4. In ancther embodiment,

the composition comprises a herpes simplex virus |, partially hvdrolvzed porcine gelatin at a

10 concentration of about 0.5% {(w/v), sorbitol at a concentration of about 2% {(w/v), sodium
chionde at a concentranion of about 145 mM, and sodium phosphate at a concentration of abowt
102 M, at about pH 7.4, In another embodiment, the composition comprises a herpes simplex
virus |, partially hydrolvzed porcive gelatin at a concentration of about 0.5% (w/v}, sorbiiol at a
concentration of 2% (w/v), sodium chloride at a concentration of 143 wM, and sodium

i5  phosphate at a concentration of 100 mM, at pH 7.4, In another embodiment, the composition
comprises a herpes simplex virus |, partially hydrolvzed porcine gelatin at a concentration of
0.5% {w/v}, sorbitol at a concentration of 2% {(w/v), sodium chloride at a conceniration of 145
mM. and sodium phosphate at a concentration of 102 M, at pH 7.4 In of the above
embodiments, the herpes simplex virus 1 may be talimogene laherparepvec.

20 (D082 As used herein, the ferm "about” refers to a variation of 3% from the indicated

values, or wn case of a range of values, means a 5% variation from both the lower and upper

fimits of such ranges.

[B083] In one embodiment the infectivity of the live virus composition is increased

compared to the same live virus composition facking a protermn. Virus infectivity (tler) can be

A
(4

measured by methods known to one of skill in the art, mcluding plague assavs, such as the one
described herein.

[8084] The viruses of the invention may be derived from a herpes simoplex virus |
(HSV 1) or herpes simplex 2 (HSV2) stramn, or from a derivative thereof, preferably HSV L
Derivatives include inter-type recombinants containing DNA from HSV1 and HSVY 2 strains.
30 Such inter-type recombinants are described in the art, for example in Thompson et al., (1998}
Virus Genes 1{3); 275 286, and Megnier et al., (1998} J. Infect. Dis, 159; 602 614,

{0085} Herpes simplex virus strains may be dertved from clinical 1solates. Such strains
are 1solated from infected individuals, such as those with recurrent cold sores. Clinical isolates

may be screened for a desired abihity or characteristic, such as enhanced replication in tumor
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and/or other cells n vitro and/or in vivo in comparison o standard faboratory strains, as
described 1 US Patent Numbers 7,063,835 and US Patent Number 7,223,593, each of which are
mearporated by reference n their eotivety. In one embodiment the herpes simplex virus s a
clinical 1solate from a recurrent cold sore.

{0086] Herpes simplex virus 1 virgs strains include, but are not limited to, sirain J51,
stram 17+, stran F, and strain KOS, strain Paiton.

[0087] Herpes siroplex viruses may be modified, for example, as corapared fo their
precursor strain, such that the modified virus lacks one or more functional viral genes.  As used
herein, the "lacking a functional” viral gene means that the gene(s) 15 partially or completely
deleted, replaced, rearranged, or otherwise altered 10 the herpes simplex genome such that a
functional viral protein can no longer be expressed from that gene by the herpes simplex virus.
{0088} Examples of genes that can be modified include virulence genes encoding
profeins such as TOP34.5 (v34.5), ICP34.S acts as a virglence factor doring HSY mfection, himis
replication 1n non-dividing cells and renders the virus non-pathogenic. Another viral gene that
can be modified is the gene encoding ICP47 which down-regulates major histocompatiihity
complex class T expression on the surface of infected host cells and the binding to the transporter
assoctated with anfigen presentation { TAP) blocks antigenic peptide transport 1n the endoplasmic
reticufurn and loading of MHC class | molecules. Another is ICP6, the large subunit of
ribomuclieotide reductase, involved in nucleotide metabolism and viral DNA synthesis i non-
dividing cells but not in dividing cells. Thymidine Kinase, responsible for phosphorviating
acyclovir to acy clovir-monophosphate, virion trans-activator protein vrow63, giveoprotemn H,
vhs, ICP43, and immediate early genes encoding ICP4, ICP27, ICP22 and/or ICPO, may be
modified as well.

{0891 Modifications mav also be made to alter the timang of expression of herpes
stmplex virus genes. For example, Usil can be expressed as an early gene by placing the Usil
gene under the Usl2 promoter, Mulvey et al. (1999) J Virology, 73:4, 3375.3385, US Patent
Number US5824318, Mohr & Ghuman{19963 EMBQO 15, 47594766,

[0096] Exaroples of modified herpes simplex viruses include, but are not hmited to,
Seprehvir™ (HSV1716) strain 17+ of herpes simplex virus type | having a deletion of 759 bp
lpcated within each copy of the BamHI s fragment {0 to (~02 and 0-81 to 0.83 map wuts} of the
fong repeat region of the HSV genome, removing one complete copy of the 18 bp DR~ element
of the 'a’ sequence and termunates HOS bp upstream of the 5’ end of immediate early (1E) gene 1,

see MacLean et al,, (1991} Jownal of General Virology 79:631-639).
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{00911 G207, an oncolytic H8V-1 derived from wild-tvpe HSV-1 strain F having
deletions in both copies of the major determuinant of HSV neuroviralence, the ICP 34.5 gene, and
an mmactivating imsertion of the E. coli lac? gene in UL39, which encodes the infected-cell
protein 6 (ICPS), see Mineata et al. (1995) Nat Med. 1:938-943

{80921 OrienX010, a herpes simplex virus with defetion of both copies of v34.5 and the
ICP47 genes as well as an interruption of the ICP6 gene and insertion of the human GM-CSF
gene, see Liu et al., (2013} World Joumal of Gastroenterology 19(313:5138-5143.

[0093] NV 1020, a herpes simples virus with the joint region of the fong (L) and short {5}
regions 1s deleted, inchuding ove copy of ICP34.5, UL24, and ULS6.34,35. The deleted region
was replaced with a fragment of HSV -2 US DNA (US2, US3 (PK), ¢l, and gG), see Todo. et al.
{2001} Proc Natl Acad Sct USA. 98:6396-6401.

{0094} M032, aherpes simplex virus with deletion of both copies of the ITP34.5 genes
and imsertion of mierleukan 12, see Cassady and Ness Parker, (2010) The Open Virology Journal
4:103-108.

[0095] Talimogene laherparepvec, dertved from a clinical strain, HSV-1 strain JS1,
deposited at the Ewropean collection of cell cultures (ECAAC) under accession number
01010209 In talimogene laherparepvee, the HSV-1 viral genes encoding YCP34.5 and ICP47
have been functionally deieted. Functional deletion of ICP47 leads to earlier expression of
US11, a gene that promotes virus growth m tomor cells withowut decreasing tumor selectivity.
The coding sequence for lurnan GM-CSF, has been inserted into the viral genome, see Liv et al,

Gene Ther 10; 292-303, 2003,

[0096] ImmunoVEX HSVZ, 15 a herpes simplex virus (HSV-2) having functional
deletions of the genes encoding vhs, ICP47 1CP34.5, UL43 and USS.
{097 OncoVEX™YP g also derived from HSV-1 strain J$1 with the genes encoding

ICP34.5 and ICP47 having been functionally deleted and the gene encoding cvitosine deaninase
and gibbon ape leukaemia fusogenic glycoprotein inserted into the viral genome in place of the
ICP34 8 genes.

[0098] Additional examples of modified herpes straplex viruses include NSC-733972,
HF-10, BV-2711, IX-594, Myb34.5, AE-618, Bramnwel™, and Heapwel ™

[B09%9] Herpes virus straing and how 1o make such straing are also deseribed in US Patent
Numbers USS824318; US6764675; USH, 770,274, UST 063,835, US7.223.893, URT7497485;
UST7744859; USB273568; USB420071; USB470377, WIPO Publication Numbers:
WOT99600007, WO199639841, WGI900G7394; WO2Z00054705, WH2006002394;
WO201306795, Chinese Patent Numbers: CN128303, CN10230334 and CN 10230335,
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Varghese and Rabkin, (2002} Cancer Gene Therapy 9:967-97 and Cassady and Ness Parker,
(2010) The Open Virology Jowrnal 4:103-108.

{51001 The herpes simplex viruses of the mverdion may alSo COmMprise one or e
heterologous genes. Heterologous gene refers 1o a gene to be introduced to the genome of a
virgs, wheregin that gene 18 not normally found in the virus” genome o1 is a homolog of a gene
expressed in the virus from a different species which has a different nucleic acid sequence and
acts via a different biochenucal mecharusro. The heterologous genes may encode one or more
proteins, for example. a cytotoxin, an inwnunomodulatory protein (3., a protein that either
enhances or suppresses a host immume response 1o an antigen), a tumor anfigen, prodrug
activator, a tumor suppressor, a prodrug converting enzyme, proteins capable of causing cell to
cell fusion, a TAP inhibitorantisense RNA molecule, or a niboryme. Examples of
mamunomodulatory proteins include, for example, cytokmes. Cytokines include an interleukins,
such as TL~1, 1L-2, §1-3, IL-4, TL-S, 116, 1L-7, TL-§, 1L-9, TE-10, 1L-11, IL-12, TL-13, 1114, IL-
13, 116, TL-17, §L-18, 1L-20; ¢, P or y~oterferons, tumor necrosis factor alpha {TNFa),
CD40L, granulocyte macrophage colony stimulating factor {GM-CSF), macrophage colony
sttmulating factor (M-CSF), and granulocyte colony stimulating factor {G-CSF}, chemolkines
{such as neutrophil activating protermn (NAP), macrophage chemoatiractant and activating factor
{(MCAF), RANTES, and macrophage inflammatory peptides MiP-1a and MIP-1b}). complement
components and their receptors, immune system aceessory molecules {e.g., B7.1 and B7.2),
adhesion molecules {e.g., ICAM-1, 2, and 3), and adhesion receplor molecules. Tumor antigens
include the £6 and E7 antigens of human papitiomavirus, EBV-derived protems, mucins, such as
MUCT, melanoma tvrosinase, and MZ2-F. Pro-drug activators include nitroeductase and
cytochrome p4SG, tumour suppressors mclude pS3. a prodrug converting enzymes include
cvtosine deanunase. Proteins capable of causing cell to cell fusion mnclude gibbon ape levkaemia
fusogenic glvcoprotein. TAP imhibitors mclude the bovine herpesvirus (BHV) UL49.5
polypeptide. Antisense RNA molecules that can be used to block expression of a cellular or
pathogen mRNA. RNA molecules that can be a nboryme {e.g., a hammerhead or a hawrpin-based
riboryme) designed either to repair a defective cellular RNA, or to destroy an undesired cellular
or pathogen-encoded RNA.

{61611 Also included is insertion of multiple viral genes into the herpes simplex genome,
such as insertion of one or more copies of the gene encodimg vival protein Ust L

{81021 The hive virus composiiions of the invention may be used in a method of treating
the human or amimals. In particular, live vires compositions of the invention may be used in

methods of cancer therapy.
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{8103] The hive virus compositions of the invention can be used to treat various tumors
and cancers. The invention also provides a method of treating a fumor in patient in need thereof
by admiristering to sad ndividual an effective amount of a five virus composition. As used
herein, the terms “patient”™ or “subject” are used interchangeably and mean a mammal, mcluding,
but not limited to, a human or non-human mammal, such as a bovine, equine, caning, oving, of
feline. Preferably, the patient is a luwnan,

[3104] Live virus corapositions of the invention may be used in the therapeutic freatment
of any solid tumor in a patient. For example live virus compositions of the invention may be
admimstered to a patient with prostate, breast, lung, hiver, renal cell, endometnial, bladder, colon
or cervical carcinoma, adenocarcinoma; melanoma; lvrophoma; glioma, sarcomas such as soft
tissue and bone sarcomas; or cancer of the head and neck, and, preferably, bladder cancer.
{B105] Live virus compositions of the invention may be use {o treal cancer in a patient,
including all types of cancer, neoplasru or malignant turnors, including leukema, carcinomas and
sarcornas. Exemplary cancers include cancer of the breast, bramn, cervix, colon, head & neck,
fiver, kidney, lung. non-small cell lung, melanoma, mesothelioma, ovary, sarcoma, stomach,
aterus and Medulloblastoma, Also, Hodgkin's Disease, Non-Hodgkin’s Lyvrophoma, multiple
myeloma, neuroblastoma, ovanan cancer, rthabdomyosarcoma, primary thrombocytosis, primary
macrogiobulinernia, primary brain turnors, malignant pancreatic insulanoma, malignant
carcinoid, urinary bladder cancer, premalignant skin lesions, testicular cancer, lymphomas,
thvroid cancer, neurcblastoma, esophageal cancer, genitourinary tract cancer, mahignant
hypercalcerma, endometnial cancer, adrenal cortical cancer, neoplasms of the endocrine and
exocrine pancreas, and prostate cancer.

{8106] In certain embodiments, the live virus compositions of the invention provided
heremn are usetul for kilhing tumor cells selected from the group consisting of astrocvioma,
oligndendroglioma, meningioma, neurofibroma, ghioblastoma, ependymoma, Schwannoma,
neurcfibrosarcoma, medulloblastoma, melanoma cells, pancreatic cancer cells, prostate
carcinoma cells, breast cancer cells, hung cancer cells, colon cancer cells, hepatoma cells,
mesothelioma and epidermoid carcinoma cells,

[8167] Live virus compostiions of the invention can also be used in combination with
other ireaiment modalities, including without Himitation radiation, chemotherapy, thermotherapy,
therapeutic proteins and surgery. The live virus composition may be admirustered prior fo,

simultaneously with or following the other freatment modalities.
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{B108] Therapeuiic proteins include immune check point inhibitors. As used herein, the
ferm “imyoune checkpoint inhibitor™ refers to molecules that totally or parhally reduce, mbabig,
mierfere with or modulate one or more checkpoint proteins.

{8109] Checkpoint proteins regulate T-ceil activation or function. Numerous checkpoint
proteins are known, such as CTLA-4 and its ligands CD80 and CE86; and PD1 with its ligands
PLT and PDL2. These proteins are responsible for co-stimulatory or inhibitory interactions of
T-cell responses. Inwnune checkpoint protens regulate and maintain self-tolerance and the
duration and amplitude of physiological immune responses. Immmne checkpoint inhibitors
inchide antibodies or are derived from antibodies.

{3116 Check point mnhibitors include cytotoxic T-lvmphocyte associated antigen 4
{{'TLA-4) mhibitors. Inhibttors of CTLA-4 include tremelimumab, ipthimumab (also known as
1001, MDX-D010) and marketed under the name Yervoy™ and anti-CTLA-4 antibodies
described in US Patent Nos: 5,811,097, 5.811,097; 5,855,887, 6,051,227: 6.207,157; 6,652,736,
6.95%4.720: and 7,605,238

{0111} Other immune checkpoint protems includes progranymed cell death 1 (PD-1} and
programed cell death ligands 1 and 2 (PDL 1 {(PDL2). Examples of molecules that imbabit

P and PDLT and PDL2 mclude mivolumab (MDX 1106, BMS 936558, ONO 4538), a fully
hurnan 13G4 antibody that binds to and blocks the activation of PD-1 by its ligands PD-L1 and
PD-L2: pembrolizumab (lambrolizumab, MK-3475 or SCH 900475) marketed as KeyirndaTM;
MPDL3280A, an engingered anti-FDLT antibody {aterolizumab), CT-011; AMP-224; BMS-
36359 (MDIX-1105-01 and those described 1o US Patent Nos. 7,488,802 7,943,743; 8,008,449,
8,168,757, 8,217,149, and PUT Published Patent Application Nos: W003042402,
WOZOO8156712, WO201008941 1, WO2010036959, W2Z011066342, WOZ011159877,

WO201 1082400, and WO201 1161699

{8132} Other immune-checkpoint inhibitors include lymphocyte activation gene-3 {(LAG
3} inhibitors, such as IMP321, a solubie Ig fusion protemn; B7 inhibitors, such as anti-B7-H3
antibody MGA271. Also included are TIM3 (T-cell immunoglobulin domain and mucin domain
3} mhibtiors.

[0113] Physicians may admunister live virus compositions untif a dosage is reached that
achigves the desired effect. The composition may therefore be administered as a single dose, or
as two or more doses {which may or may not contain the same amount of the desired molecule)
over time, by direct injection or other suitable admimstration method. Live vaccine
compositions of the mvention may be administered, for example, once or more than once, e.g., at

regular intervals over a pertod of ime. In general, the hive viras compositions of the nvention

19



i

o]

(4

O

(4

WO 2016/100364 PCT/US2015/065858

may be administered until the patient manifests a medically relevant degree of improvement over
baseline for the chosen indicator or indicators,

{8114} In one embodument the live vaccine composition coroprises talimogene
iaherparepvec. The composition is adomnistered by intratumoral injection nto injectable
cutaneous, subcutaneous, and nodal tumors at a dose of up to 4.0 mi of 10° plague forming
unit/mL (PFU/mL) at day 1 of week T followed by a dose of up 1o 4.0 mi of 10° PFU/mL at day
1 of week 4, and every 2 weeks (& 3 days) thereafter. The recommended volume of talimogene
isherparepvec {0 be injected into the tumor(s) is dependent on the size of the tumor{s). All
reasonably injeciable lesions {cutansous, subcutaneous and nodal disease that can be injected
with or without ulirasound gundance) should be njected with the maxinuro dosing volume
available on an individual dosing occasion. On each treatment day, priortization of injections is
recommended as follows: any new injectable tumor that has appeared since the last injection; by
{amor sive, beginning with the largest tumor, any previously uninjeciable fumor(s} that 1s now
igectable.

[0115] Unless otherwise defined herein, scientific and technical terms used in connection
with the present invention shall have the meanings that are commoniy understood by those of
ordinary skill in the art. Further, unless otherwise required by context, singular ferme shall
mclude pharalities and plural terms shall include the singular. Generally, nomenclatures used m
connection with, and techmigues of, cell and tissue culture, molecular biology, immunology,
microbiology, genetics and protemn and mucleie acid chemistry and hybridization described herein
are those well-known and commonly used inthe art. The methods and techniques of the present
invention are generally performed according to conventional methods well known in the art and
as described i vanous general and more specific references that are cited and discussed
throughout the present specilication unless otherwise indicated. All patents and other

publications identified are expressly incorporated herem by reference in their entirety.
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EXAMPLES

Example 1

{B116] A formulation containing porcine partially hydrolyvzed gelatin (phGelatin} was
developed for use with oncolyiic viruses. This formulation protects oncolviic viruses against loss
m mfectivity doring long-term storage under frozen conditions, multiple freere/thaw cyeles and
fiquid storage at 2-8°C and 25°C. In addition, the formulation reduced formation of both visible
and subvisible particles compared to a forroulation without phGelatin, This formulation provides
advantages over a formulation without phGelatin during mamfacturing, packaging and labeling

and greatly increases conventence and flexibility to the health care provider.

Sample preparation

{8137} in this example. the oncolyiic herpes simplex virus (HSV-1) talimogense
laherparepvec (Lut ef al., (2003) Gene Therapy, 10:292-303) was used at concentrations of 10°
PFU/mL and 10° PFU/mL. For virus concentration at 10° PFU/mL, samples were prepared by
the addition of concertrated excipient stock solutions (e, 10-20% w/v phGelatin or recombinant
HS A} at a volume that achieved the desired final excipient concentrations. For oncolyiic HSV-1
concentrations at 10° PFU/mL, samples were prepared by a sivople dilation of the 16° PFU/mL
material into the desired buffer. For oncolvtic HSV-1 concentrations at 10° PFU/mL. samples
were prepared by the addition of concentrated excipient stock solutions and bufferioa
concentraied oncolytic HSV-1 solution. Samples were stored in ready-to-use 2¢c crysial zenith
resin vials (West Pharmaceuticals Inc. Exton. PA) with FluoroTec” coated chi orobutyi elastomer

stopper {West) sealed with Flip-off” TruEdge” seals (West).

Plague Assay

{6118] The amount of mfectious oncolytic HSV-1 was quaniified by titrating test
saroples onto susceptible indicator cells, observing the cvtopathic effect (CPE) and counting the
subsequent plaque forming units (PFU) (hiomt of detection >2.08 LoglQ PFU/mL).

{8119] Briefly, BHK {baby hamster kidney, ATCC, Manassas, VA) celis were
propagated in DMEM (Life Technologies, Carlsbad, CA) supplemented with L-glutamive (Life
Technologies, Carlsbad, CA}, 10% fetal bovine serum {Thermo-Fisher, Waltham, MA) and

antibiotics streptomyein and peniciilin (Life Technologies, Carlsbad, CA). BHK cells were
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seeded i 12 well plates one day prior to testing. Test samples were senally diluted and used for
infection of the monolayer. After an imtial incubation period to allow for virus adsorption, the
cells were covered by an overlay medium condamng carboxymethyicellulose ({CMC) and growth
medium and mcubated for 72 hours at 37°C and 5% CO2. The cells were subsequently fixed
using a 0.01% glutaraldehvde sohition {Sigma-~Aldrich, §t Lous, MO} after aspirating the
moculum and washing with PBS. The cells were then stained using a 2% crysial violet solution
{Sigma-Aldrich) to visualize the plagques. To deternyne the viral titer, plagques formed for each
dilution of the test sample were counted and the final titer was deternined (Log10 PFU/mL)

from the average of the duphcates tested.

Subvisible Particle Analvsis

{8120} Subvisible particles were monttored by two technigues: Hght obscuration (HIAC)

and micro~flow imaging (MFI).

HIAC

{0121 Subvisible particles were monitored by light obscuration using a Ryco HIAC
particle counter (Beckman Coulier, Brea, CA). A 15 micron standard particle count control
{Duke Scientific, Thermo Fisher Scientific, Waltham, MA) was analyzed prior to testing
samples. Subvisibie particle counts were performed using fowr 0.2 ml mjections. The fast three

readings were averaged and reported as cumulative counts per m.,

MF}

[0122] Subvisible particle analysis was carried out on a micro-flow imaging (MFD
instrument (4200 Protein Sumple, Santa Clara, CA) equipped with a 100y silane coated flow
cell. Prior to each measurernent, water was flushed through the syster to optimize tlurmination
and provide a clean baseline. For each sample, a total of 1 mb was pumped through the cell at a
How rate of 0.2 mL/min. The first §.35 mL was used io purge the flow cell and the remaining

(.65 mL was analyzed. The total number of particles > 2 pm was reported.

Freeze thaw stability

{$123] Multiple factors were scresned by testing for virus infectivity after 1 and 5

/

freere/thaw cvcles.
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Buffers and Salls

31241 Sodiumn phosphate is known to crvstallize in the frozen state, leading to
sigmificant drops n pH in the frozen state. Potassium phosphate, on the other hand, does not
crystalize.

[8125] The formulation: 2% (w/v} sorbitol, 4% (w/v} myvo-inositol, 145 mM Na{l and

100 oM sodium phosphate, pH 7.4 served as the control. The control formulation was modified
such that the concentration of sodium phosphate was reduced from 100 mM to 10 mM, or
substituted by 16 or 100 mM poiassium phosphate. Formulations where the Na(l concentration

was reduced to 73 mM or completely eliminated were also tested, see Table 1

Table 1.

NaPhos 10mM | KPhos 10 or 100

mME

Contral Nafl 73mM Nal'i ¢mM

-~

2% sorbitol

2% sorbitol

2% sorbitol

2% sorbitol

2% sorbiiol

4% rayo~inositol

4% oy o~inositol

4% myo-inositol

4% my o-inositol

4% myo-

inositol
142 mbdM Nal(’l 142 mbd Na(l 142 mM Na(l 73 oM 0 mM
100 mM Na 10 mM Na 10or 100 mM K | 100 mM Na 100 mM Na
phosphate pH 7.4 | phosphate pH 7.4 | phosphate pH 7.4 | phosphate pH 7.4 | phosphate pH
7.4

{(3126] Samples were prepared at 10° PFU/rol. Yofectivity (Titer) was determined by
plaque assay as described above. The samples were subjected to a freeze at -70°C for at least |
day and then thawed {o room temperature for no more than 2 hours. The thawed samples were
agan frozen at -70°C {or at least | day and then thawed to room temperature for no more than 2
hours, for each subsequent freeze/thaw cycle {1 or 5 cycles n total).

{81271 With the reduction of sodium phosphate or substitution of potassium phosphate,
fosses in infectivity were still seen after freeze/thaw cycles, neither of which were considered to
provide any advantage over the control. Simularly, reducing the concentration of NaCl had no

effect on the stability of the virus during freeze/thaw cycles compared 1o the conmtrol. (Fig. 1)

Sugars
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Sugars are commonly used as cryo-protective excipients, so different sugars at a

range of concentrations were {ested for their effect on oncolvtic HSV-1 stability during

freere/thaw cvcles.

[6129]

The control formulation was modified such that myo-inostiol was removed and

sorbitol was increased to either 9% or 153% {w/v}) In a second group of samples, the control

formutahon was modified such that both myo-inostiol and sorbitol were removed and replaced

with 9% or 15% trehalose (w/v) or 9 or 15% sucrose {w/v), see Table 2.

Table 2

Contral $%% 15% 9% trehalose | 15% trehalose 15%
sorbitol sorbitel suerose
2% sorbitod 9% sorbitol | 15% sorbitol
4% myo- g O 9% trehalose | 15% trehalose 15%
mositol SUCTOSE
142 M Na(l 142 mM 142 mM 142 md NaCl | 142 mM Na(l 142 mM
NaCl NaCl Wal
100 mM Na 100 mM Na | H00 M Na | 100 mM Na 100 mM Na 100 mM Na
phosphate pH phosphate | phosphate phosphate pH | phosphate pH phosphate
7.4 pH 7.4 pH 7.4 7.4 7.4 pH 74
{61341 Samples were prepared at 10° PFU/rol. Samples were subjected to either | or 5

freere-thaw cyeles as described above. Infectivity (Titer) was deternuned by plague assay,

[0131]

Formulations with 9% and 15% sorbitol vielded a significant increase in oncolylic

HSV-1 stability, with no change 0 infectivity after 5 freeze/thaw cveles. Similarly, formulations

with sucrose at 15% and trehalose at 9% and 15% provided protection against freere/thaw

stresses. Forraulation with sucrose at 9% did not provide protection agaimnst freeze/thaw siresses.

(Fig. 2A and Fig. 2B}

Sugars and Protein

[6132]

Combinations of high sugar content and stabilizing proteins were then tested for

ther effect on oncolytic HSV-1 stabiitty during freeze/thaw. The control formulation was

modified such that myo-inositol and sorbitol were removed and replaced with 9 % sucrose {w/v}

and 2% (w/v} anti-streptavidin mAb (produced internally} or 2% porcine partially hydrolyzed

gelatin (phGelating (w/v} (Gelita, Sergeant Bluff, 1A). Tn a second set of experiments, the control

24
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formulation was maintained with the addition of either 4% phGelatin (w/v) or 4% recombinant

huran serom altbumin GHSA) (Novosymes, Frankimton, NC} (w/v), see Table 3.

(6133

freeze-thaw cycles. Infectivity {Tiler) was determined by plaque assay.

Samples were prepared at 10° PFU/rol.  Saraples were subjected to etther 1 or §

Table 3
{ontrel Sucrose Sucrose % rHSA 4% phielatin
anti- phiGelatin
streptavidin
mAR

2% sorhaiol

(W/v} 9% sucrose

4% mvo-inositol

9% sucrose

2% sorbiiol

2% sorbitol

4% myo~-inositol

4% ray o~inositol

{w/v}
142 M NaCl 142 M Na(l | 142 mM 142 mM Nal 142 mdi NaCl
Na{’l
100 mM Na 100 mM Ma 100 mM Na | 100 mM Na 100 mM Na phosphate
phosphate pH phosphate pH | phosphate phosphate pH 74 | pH 74
7.4 7.4 pH 7.4
Protein 2% anti- 2% 1% rHSA 4% phGelatin
strepiavidin phGelatin
mAb
[3134] Addition of the stabihizing proteins tHS A, phGelatin, or anti-streptavidin mAb

protected agamst freeze/thaw siresses, with no loss in infectivity after 5 freeze/thaw cycles,

phGelatin was equally effective in protecting against {reeze/thaw siresses in the presence of 9%

{w/v} sucrose or the control combination of 29 (w/v} sorbitol and 4% (w/v) myvo-inositol. See

Fig. 3,

[0138]

Freere/thaw stability was improved either by increasing the sugar content or by

the addition of a stabilizing protein. The oncolyiic HSV-1 withstood § freeze/thaw cvcles

without loss of mfectivity in all tested forroulations, demonsirating that three very duferent

proteins can provide protection against freeze/thaw stress. Of the three proteins, tHSA and
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phGelatin provided the best stability, and since they have been approved for use in therapeutic

formulations, they were chosen for further study.

Liguid Storage

{8136] Those sugars and proteins that protecied against fresze/thaw siress were tested for
thetr effect on oncolvtic HSV-1 hiquad stability at 2-8°C and 25°C. In one set of experuments, the
cortrol formulation was modified such that sorbuiol and myo-inositol were replaced with 15%
trehalose, 15% sucrose or 9% sorbitol and 2% rHS AL In another set of experiments, the control

formulation was maintained with the addition of 2% tHSA or 2% phGelatin, see Table 4.

Table 4

Control Trehalose Sucrese Sucrese 2% rHSA 2% phielatin

rHSA
2% sorbitol 2% sorbitol 2% sorbitol
{w/v) 15% 18% sucrose | 9%
4% myo- trehalose SUCTOSe 4% myo- 4% ray o-inositol
mnosiiol (w/v) inositol
142 b NaCl | 142 mM 142 mM 142 M 142 mM NaCl | 142 mM Na(l
NaCl Nafl NaCi
100 oM Na 100 mM Na | 100 mM Na | 100 mM 168 oM Na 100 mM Na
phosphate pH | phosphate | phosphate Na phosphate pH | phosphate pH
7.4 pH 7.4 pH 7.4 phosphate | 7.4 7.4
pH 7.4

n/a n/a n/a 2% rHS A % rHSA 2% phGelatin
{81371 Samples were prepared by dilution to 10° PFU/mL in the test formulations, frozen

at ~70°C for at leasi | day and then stored at 2-8°C or at 25°C. As the oncolyvtic HSV-1 shows
reduced stability at higher ternperatures, the samples were maintamed at 2-8°C for 14 days and at
25°C for 3 days to detect a difference between formulations. Infectivity (Tifer) was determuned

by plague assav.
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{0138] Replacing the sorbitol and myo-inostiol with 15% trehalose did not stabilize the
oncolvtic HSV-1 during hiquid storage at either 2-8°C or 25°C. Replaceroent with 15% sucrose
viclded mconsistent results, with some stabilization observed at 253°C, but not at 2-8°C. In
contrast, the addition of 2% rHSA or 2% phGelatin did provide good stability during Hqud
storage at both temperatures, in the presence of either 2% sorbitol + 4% nmwo-inostiol or 9%
sucrose , see Figs. 4A and 4B,

[(3139] T conclusion, the addition of a stablizing protein {either phGelatin or tHSA)
provided improved stabiliy during freeze/thaw and liquid storage. Modifying the sugar content
provided additional stability during freeze/thaw but had relatively hittle effect doring hqud
storage. Therefore, further efforts focused on the effect of different fevels and types of stabilizing

proteins.

Example 2

Protein Concentration

[0140] The combination of improved freere/thaw and liquid stability would provide
substantial advantage for manufacturing, packaging and labeling. The ability to store at 2-8°C
would provide greatly improved Hexability and convenience to the health care providers.

{8141} The control formuiation was maintained with the addition of 1%%, 2% or 4%
phGelatin or 1%, 2% or 4% (HSA. Samples were prepared at 10° PFU/ml. Infectivity (Titer)
was determined by plague assay as described above. The samples were subjecied to S
freeze/thaw cveles as described above.

[0142] The concendration of rHS A and phGelatin was varied to determine the effect of
protein concentration on oncolytic HSV-1 stability. Both phGelatin and tHS A provided
protection during freeze/thaw cyeles over the entive range tested, see Fig. 5.

{31431 The effect of varving protein concentrations on oncolviic HSV-1 hquid stability at
2-8°C and 25°C was then tested. The control formulation was mainiained with the addition of
1%, 2% or 4% phGelatin or 1%, 2% or 4% rhHISA. Samples were prepared at 10° PFU/mL and
frozen at -70°C for at least | day {pre~freeze), and then stored at 2-8°C and 25°C. Infectivity
{1iter) was determined by the plaque assay.

{B144] The phGelatin formulations performed much better during hiquid storage, with no
foss of activity after 3 days at 25°C. In contrast, all of the tHS A containing formuulations showed

fosses i infectivity over the same pentod. In addition, the formulations contamning tHS A actually
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performed worse at 25°C as the tHS A concentration increased. Little change in infectivity was

observed at 2-8°C during this period of time; see Fig 6A and Fig. 6B,

tHS A Grade

{8145] To determine why formulations with increasing amounts of tHSA vielded worse
stability than similar aroounts of phGelatin, the rHSA itself was examuned. It was hvpothesized
that the result roight be due to componeuts 1o the tHS A, such as a contarninant or a compound
added to stabilize rHS A Alternately, the result could be due 1o an effect of the rHSA 1tself
{8146] Four different grades of THS A were tested for their ability to stabilize the
oncolviic HSV-1 during hquid storage at 25°C. The control formulation was maintained with
the addition of 2% Sigroa, 1%, 2% or 4% Novoryme Alpha, 1%, 2% or 4% Novozyioe Albix, or
1%, 2% or 4% Novoryme Primme tHS A, In addition, the control formuiation was also prepared
with the addition of 2% phGelatin, see Table 5. The formulations were tesied for hquid stability

at 257C for 2 weeks as described above.

Table §
Supphier Grade % Purity (ctaneate Polysorbate 88

Sigma~-Aldrich, v
. Research AY731 | > 96% NA NA
St Lows, MO
Novoryme, o N

. Alpha > 99.9% o mM 69 mg/L
Franklinton, NC
Novozyme, .
! r 1 Albix >99.9% ¢ ¢
Franklinton, NC
Novozyme, .

. Prime > 99.0% 34.1 mM 14 mg/L
Franklinton, NC

10147]

Each rHS A grade had differing levels of purity and other cormponents intended to

stabilize ftHSA. The Sigma material was research grade and had the lowest stabilizing effect.

The three grades from Novozymes {Alpha, Abix and Prime) were of significantly higher punity,

but each had differing levels of other components. The Novozyme rHS A grades provided

greater stability than the Sigma grade, but there was no difference between the Novozyvme

rHSAs. In addition, all three Novozyme rHS As showed worse stability when added at
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increasing concentrations. Finally, no rHS A grade performed as well as the phGelatin, see Fig.

TA-TD.

Lower Limmt of Protein

{01481 Further screens were performed to determine the nunimum amount of rHS A and
vhGelatin necessary o stabilize the 10° and 10° PFU/mL oncolytic HSV -1 concentrations.
[8149] The control formulation was maintained with the addition of 0.25%, .5% and 1%
w/v phGelatinn and 0.25%, 0.5% and 1% w/v rHSA (Novoryme Priroe).  Saroples were prepared
with oncolytic HSV-1 concentrations of 10° and 10" FFU/ml. One set of samples was subjected
1o S freeze/thaw cvcles as described above. Two seis of samples were tested for liguid stability,
oneg at 2-8°C for four weeks and one at 25°C for 2 weeks as described above.  Infectivity (Titer)
was deternuned by plaque assay.

{B150] phGelatin provided protection over the entire range tested, $.25%-1% w/v during
the freeze/thaw cyeles and liquid storage at 2-8°C and 25°C (Fig 8A-8F) at both the 10° and 10°
PFU/mL virus concentrations.  All of the tHS A contamning fornudations showed losses in
nfectivity during Hquid storage at 2-8°C and 25°C over the entire range of protein
conecentrations tested at both the 10° and 10° PFU/mL virus concentrations, but no loss in
infectivity was seen durning freeze thaw cycles (Fig. 9A-OF).

{8151 An additional screen was performed 1n which phGelatin was tested at lower
fevels. The control formilation was maintained with the addition of 0.01% - .5% {w/v}
phGelatin. Samples were prepared with oncolytic HSV-1 concentrations of 10° and 10° PFL/m
and were tested for liquid stability at 2-8°C and 25°C, as described above. Infectivity (Titer) was
deternvined by plaque assay. phGelatin provided protection durning hquid storage over the entire

range of protein concentrations tested {0.01% - 0.5%). see Fig. 3G and &H.

{.ong term stability

{81521 A long term study was performed to determine the stability of protein containing
formulations compared with the control foremidation. The oncolytic HSV-1 was formulated at
10° PFU/mL and 10° PFU/mL in the control formulation or with the control formulation
contaiming 0.5% (w/v}) tHSA or phGelatin. The samples were evaluated during liquad storage at
2-8°C and 25°C as described above; frozen storage at -30°C and -70°C and during 10 freeze
thaw ¢veles, as described above. Infectivity {Titer) was determined by plaque assay as described
above.

29
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{8153] The formulations containing phGelatin again provided superior stability for all
storage conditions evaluated. The formulations contamning rHS A provided similar stability
{within error of the assay} only for those formulations stored 1n the frozen state at ~30°C (Figs.
10A and 108} and -70°C (Figs. 10C and 10D} and when subjected to 10 cycles of freeze thaw
{Figs. 10E and 10F). However, {or storage in the liquid siate, phGelatin formulations showed the
greater stabilizing effect, which was most apparent when the 10° PFU/mL oncolytic HSV-1
concentration was stored at 2-8°C (Figs. 10G and 10H} and 23°C (Figs. 10 and 104). After 39
weeks of storage at 2-8°C, the phGelatin containing formulation showed a 1.7 fog loss while the
rHS A contamning formulation showed a 2.9 fog loss. The coutrol fornusdation lost all achvity
after 12 weeks of siorage at 2-8°C. Durning 4 weeks of storage at 25°C, the phGelatin containing
formulation showed a 2.3 log loss while the rHS A comtaining formulation showed a 3.6 log loss.

The control formulation lost all activity after 2 weeks of storage at 25°C.

Particle study of the formulations

[01584] The oncolytic HSV-1 was fornmulated by the addition of 20% (w/v) rHSA or
phGelatin {or an equivalent volume of control formulation buffer) to a final concentration of 107
PFU/mL virus and 0.5% stabilizing protemn. The solutions were then passed through 2 0.22pm
filter (SterivexT™M EMD Millipore. Billenica, M A} using a silicone oil-free disposable svringe
{NORM-JECT® Luer Ship Ceniric T1, Bellefonte, PA} to generate a particle free starting
material.

[B188] Ome set of samples wags stored at 2-83°C, as described above (static) and a second

set of samples was frozen at ~70°C and then stored 2-8°C (1 freere thaw cycle).

{8156] Particies were measured by sub-visible analysis or visual ohservation,
{61871 Formulations that contain etther 0.3% (w/v) rHS A or phGelatin showed reduced

particle formation compared to the control formulation, as measured by sub-visible analvais

technigues (Fig. 11A-11B and 12A-12B). In addinion, the oncolytic HSV-1 at a concentration of
~8 , ~ . . . o~ .- . .- . .

107 PFU/ml formed visible particles in the control formuiation, but not in fornulations which

corttained 0.5% phGelatin or tHS A

30
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Clatms
What is claimed 1
1. A live virus composition comprising a herpes simplex vitus, a protein, at least one sugar, sodium
chioride and sodium phosphate at pH 7.4, wherein the composition is frozen.
2. The lwve vitus composttion of clairn 1, wherein the composition may be thawed and stored at 2°C
to at least 25°C.
3. The live virus of claim 2, wherein following thawing, the live virus composition is frozen again
and stored at 4 terperature of at least -30°C.
4. The live virus composition of claim 1, wherein the composition may be thawed and stored at 2°C
to 8°C.
5. The live virus of claim 4, wherein following thawing, the live virus composition is frozen again
and stored at a temperature of at least -30°C.
6. The live virus composition according o claim 1, wherein the protein is partially hydrolyzed
gelatin or human serum albumin.
7. The live virus composition according to claim 1, wherein the concentration of partially
hydrolyzed gelatin is from 0.01% to 1% {(wiv}.
8. The live virus composition according to claim 1, wherein the concentration of human serum
atburin 1s from 0.25% to 1%.
8. The live virus composition according to claim 1, wherein at least one sugar is sorbitol, myo-
inositol or sucrose.
10. The live virus composition according to claim 9, wherein the concentration of sorbitol 153 2%
{wW/v).
11. The live virus composition according to claim 9, wherein the concentration of myo-inositol is
4% (W/v).
12, The live virus composition according to claim 9, wherein the concentration of sucrose is 9%
{w/v)to 15% (wiv).
139, The live virus composition according to claim 1, wherein the concentration of sodium chioride

is 145 mM.

(O8]
(8]



WO 2016/100364 PCT/US2015/065858

14. The bive virus composition according to claim 1, wherein the concentration of sodium phosphate

is 102 mM.

15, The live virus composition according to claim 1, wherein the partially hydrolyzed gelatin s

porcine.
10, The live virus composition according to claim 1, wherein the virus is a herpes simplex virus 1.

17. The live virus composition according to claim 1, wherein the herpes simaplex virus is a clinical
fan) 1)

isolate.

18. The hve vitus composition according to claim 1, wherein the herpes simplex virus 1s a chinucal

isplate from a recurrent cold sore.

19. The live virus composition according to claim 1, wherein the herpes simplex virus 1 strain is

selected from the group consisting of strain JS1, strain 17+, strain F, and strain KOS,

20. The live virus composttion according to clatm 1, wherein the herpes simples lacks one or more

tunctional genes.

21, The hive virus composition according to claim 20, wherein the herpes simplex virus lacks a

functional ICP34 S-encoding gene.

22. The live virus composition according to claim 20, wherein the herpes simplex virus lacks a

functional ICP47-encoding gene.

23 The live virus composition according to claim 20, wherein to the herpes simplex virus further
lacks a functional ICP6-encoding gene, a functional glycoprotein H-encoding gene or a functional

thymidine kinase-encoding gene.

24. The live virus composition according to claim 20, wheretn the berpes stmplex virus lacks a

functional vhs—encoding gene.

25. The live virus composition according to claim 24, wherein the herpes simplex virus lacks a

2

functional UlL43-encoding gene.
26. The live virus composition according to claim 20, wherein the herpes simplex virus lacks a
tunctional VMW-encoding gene, a tunctional ICPG-encoding gene, a functional ICP4-encoding

gene, a functional ICP22-encoding gene, or a functional ICP27-encoding gene.
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27. The live virus composition according to claim 20, wherein a modification to the herpes simplex

virus has been made such that the Ust1 gene is expressed as an early gene.

28. The live virus composition according to claim 20, wherein the herpes simplex virus comprises

one or more heterologous genes and/or viral genes.

29 The hive virus composition according to claim 28, wherein the heterologous gene and/or viral
gene is selected from the group consisting of a gene encoding a cytotexin, an immunomodulatory
protein, a tumor antigen, prodrug activator, a tumor suppressor, a prodrug converiing enzyme,
proteins capable of causing cell to cell fusion, a TAP inhibitor, viral protein Ustl, antisense RNA

molecule, or a ribozyme.

30 The hve vitus composition according to claim 28, wherein the heterclogous gene and/or viral
gene is selected from the group consisting of a gene encoding 1L-12,) granulocyte macrophage
colony stimulating factor (GM-CSF), cytosine deaminase, gibbon ape leukaemia fusogenic

glycoprotein, bovine herpesvirus (BHV ) UUL49 5 polypeptide or viral protein Usil

31. The live virus composition according to claim 1, wherein the herpes simplex virus is selected
) .. Cqe - ™ o . e X1 Ao
from the group consisting of talimogene laberparepvec, Seprehvir | G207, Orien X010, NV1020,

- e GALY/CD
MO32, ImmunoVEX and OncoVEXUAYP

32, The method for killing tumor cells in a patient comprising administering to a subject in need
thereof a Hve virus composition according to claiw 1 under conditions effective to kall tumor cells in
the patient.

04

33 The method tor killing tumor cells in a patient according to claim 32, wherein the live virus
composition is administered in combination with a check point inhibitor,
34. The method for killing tumor cells according to claim 33, wherein the live virus compaosition is

administered prior to, simultaneously with or following the checkpoint inhibitor.

42

B

35, The method according to claim 32, wherein the fumor cells are selected from the group
consisting of  astrocytoma, oligodendroglioma, meningioma, neurofibroma,glioblastoma,
ependymoma, Schwannoma, neurofibrosarcoma, medulloblastoma, melanoma cells, pancreatic
cancer cells, prostate carcinoma cells, breast cancer cells, fung cancer cells, colon cancer cells,

hepatoma cells, mesothelioma, bladder cancer cells, and epidermotd carcinoma cells.

36. The method according to claim 32, wherein the patient is a buman,

[P}
1
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37. The method according to claim 32, wherein the adwinistration is carried out by injection

38. The live virus composition according to claimo 1, wherein infectivity s increased compared to

the same live virus composttion lacking a protein.
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