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COMBINATION THERAPY WITH NEOANTIGEN VACCINE
RELATED APPLICATIONS AND INCORPORATION BY REFERENCE

180081} This application claims benefit of and priority to US provisional patent applications
61/919,576, filed December 20, 2013 and 61/976,274, tiled on April 7, 2014,

{8082} The foregoing applications, and all documents cited therein or during thew
prosecution {“appln cited documents”™) and all documents cited or referenced in the appin cited
documents, and all documents cited or referenced herein (“herein cited documents™), and all
documents cited or referenced in herein cited documents, together with any manufacturer’s
instructions, descriptions, product specifications, and product sheets for any products mentioned
herein or in any docuraent incorporated by reference herein, are hereby incorporated herein by
reference, and may be cmployed in the practice of the invention. More specifically, all
referenced documents are fucorporated by reference to the same extent as if each individual

document was specifically and individually indicated to be incorporated by reference.
FIELD OF THE INVENTION

{56831 The present mvention relates to methods for the freatment of neoplasia, and rore
particolarly tumors, by administering to 8 subject a neoplasia vaccine coraprising a plurality of

neoplasia/tumor specific necantigens and at least one checkpoint inhibitor,
FEDERAL FUNDING LEGEND

{064} This tnvention was made with government support under ROT CA155010-03 awarded

by NIH/NCI. The government has certain rights in the invention.
BACKGROUND OF THE INVENTION

{B085] Approxiraately 1.6 million Aracricans are diagnosed with neoplasia every year, and
approximately 583,000 people in the United States are expected to die of the disease in 2013,
Over the past fow decades there been sigoificant improvements in the detection, diagnosts, and
treatment of neoplasia, which have significantly increased the survival rate for many types of
neoplasia. However, only about 60% of people diagnosed with neoplasia are still alive 5 years
after the onset of treatment, which makes neoplasia the second leading cause of death n the

United States.
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{3066 Cuarrently, there are a nurnber of different existing cancer therapies, including ablation
techniques {e.g., surgical procedures, cryogenic/heat treatment, ultrasound, radiofrequency, and
radiation} and chemical techniques (e.g., pharmaccutical agents, cytotoxic/chemotherapeutic
agents, monoclonal antibodies, and various combinations thereof). Unfortunately, such therapies
are frequently associated with serious risk, toxic side etfects, and extrerncly high costs, as well as
uncertain efficacy.

16087} There 18 a growing interest in cancer therapics that seek to target cancerous cells with
a patient’s own iwwmune systern {c.g., cauncer vaccines) because such therapies may
mitigate/eliminate some of the herein-described disadvantages. Cancer vaccines are typically
composed of turoor antigens and imrounostinulatory melecules (e.g., oytokines or TLR ligands)
that work together to induce antigen-specific cytotoxic T cells that target and destroy tumor cells.
Current cancer vaccinges typically contain shared turnor antigens, which are native proteins (L.c. —
proteins  encoded by the BNA of all the normal cells in the individual} that are selectively
expressed or over-expressed in tumors found in many individuals. While such shared tumor
antigens are useful in identifying particular types of tumors, they are not wdeal as fmrounogens
for targeting a T-cell response to a particular tumor type because they are subject to the immune
dampening effects of self~tolerance.  Vaccines contaiming tumor-specific and patient-specific
necantigens can overcome some of the disadvantages of vaccines containing shared tumor
antigens.

{B0068] Described in the present application i3 combination therapy for achieving a desirable
therapeutic result, and in particular in treating cancer,

{B08Y9] Citation or identification of any document in this application is not an admission that

such document is available as prior art o the present invention.
SUMMARY OF THE INVENTION

{8010} The present invention relates to neoplasia vaccines or immunogenic corapositions
administered in combination with one or more other ageunts, such as one or more checkpoint
blockade mhubitors for the treatment or prevention of neoplasia n a subject.

18011 In one aspect, the fnvention features a method of treating or preventing a neoplasia ip
a subject in need thereof that may comprise admunistering to a subject in need thereof {a) a

neoplasia vaceine or iramunogenic composition; and (b) at least one checkpoint mhibitor. The
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adwnistering can be serially or sequentially or at substantially the saroc time or substantially
simultancously. For cxample, the administering of the necoplasia vaccine or imnmunogenic
composition and the administering of the at least one checkpoint inhibitor can be at about the
same time or substantially simultanecusly. Altersatively, the administering of the neoplasia
VvacCiie or rnunegenic composition can be on one tirac schedule, e.g., weekly, biweckly, every
three weeks, monthly, bimouthly, every quarter yvear (every three months), every third of a year
{every four months), every five months, twice yearly (every six months), every seven months,
every eight mounths, every nine months, every ten months, every eleven months, annually or the
itke, and the administering of the at least one checkpoint blockade inhibitor can be on a different
schedule, typical for the checkpoint blockade inhibitor such that the subject or paticnt has two
different treatment schedules running concomitantly and the admiunistering of the neoplasia
vaceine or iramunogenic composition and the admunistering of the at lcast one checkpoint
inhibitor can be sequentially or serially. The neoplasia vaccine or immunogenic composition
advantageously comprises at least four different neosntigens {and by differcnt antigens # is
intended that cach antigen has a different neoepitope), e.g., at least 4 orSor6or Tor 8 or Yor 10
orfloriZori3orldoridoridori7ori8ori®or20o0r2ior22or23or 24 or25or 26 or
27 0r 28 0r 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or more different
necantigens can be in the ncoplasia vaccine or immmmnogenic composition.  The neoplasia
VacCiie OFf IMNunogenic composition can be admmistered via subcompositions, cach containing
a portion of the neoantigens, and sub-compositions can be administered to different places on the
subject or paticnt; for mstance, a composition comprising 20 different neoantigens, can be
administered in four {4) subcompositions, cach containing 5 of the 20 different necantigens, and
the four {4) subcompositions can be administered so as to endeavor to deliver ecach
subcomposition at or near a draining lymph node of the patient, ¢.g., to cach of the arms and legs
{e.g., thigh or upper thigh or near buttocks or lower back on each side of the patient) so as to
endeavor to deliver cach subcomposition at or near a draiming lymph node of the patient or
subject. (f course, the number of locations and hence number of subcompositions can vary, ¢.g.,
the skilled practitioner could consider adminisiration at or near the spleen to have a fifth point of
administration, and the skilled practitioner can vary the locations such that only one, two or three
are used {¢.g., cach arm and a leg, cach of legs and one arm, each of the legs and no arres, or

only both arms). The vaccine or immunogenic compostiion administered at the aforementioned
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various intervals can be different formulations, and the subcompositions admimstered at different
places on the subject or patient during a single administration can be different compositions. For
instance, a first admunistration can be of a whole antigen vaccine or imnmunogenic composition
and a next or later administration can be of a vector {e.g., viral vector or plasmid) that has
expression of antigen{s} in vivo. Likewise, in the adroinistration of different subcompositions to
different locations on the patient or subject, some of the subcompositions can comprise a whole
antigen and some of the subcompositions can comprise a vector {(e.g., viral vector or plasmid)
that has cxpression of antigen(s} in vivoe. And sorse compositions and subcompositions can
comprise both vector(s) {¢.g., viral vector or plasmid) that has / have expression of antigen(s) in
vive and whole antigens. Some vectors {e.g., poxvirus) that have cxpression of antigen{s) in
vivo can have an immunostimulatory or adpvanting effect, and hence compositions or
subcompositions that contain such vectors can be sef-adjuvanting. Also, by changing up the
nature of how the antigens are presented to the immune system, the administrations can “prime”
and then “boost” the imrounc systern. And in this text, when there is mention of g “vaccine” # s
intended that the wvention comprehends rorunogenic composttions, and when there 18 menfion
of a paticnt or subject it is intended that such an individual is a patient or subject in need of the
heremn disclosed treatments, adminisirations, compostiions, and generally the subject invention,
{60121 In one embodiment, the neoplasia vaceine or immunogenic composition comprises at
icast two, at least three, at least four or at least five neoantigenic peptides.  In another
embodiment, the neocantigenic peptide ranges from about 5 to about 50 amino acids in length. In
another related embodiment, the necantigenic peptide ranges {from about 15 to about 35 anuno
acids in length. Typically, the length is greater than about 15 or 20 amino acids, e.g, from 15 to
50 or about 75 amino acids.

18013} In oue erbodimaent, the neoplasia vaccine or immunogenic composition further
comprises a pH modifier and a pharmaceutically acceptable carrier.

{6614] In one cmbodiment, the wmethod further coroprises administration of an
immunomodulator or adjuvant (and hence the vaccine or immumogenic compaosition can include
an immunomodolator or adjuvant). In another related embodiment, the imymunomeodulator or
adjuvant is sclected from the group consisting of poly-ICLC, 10IR ISS, aluminum salts,
Amplivax, AS1S5, BCG, CP-870,893, CpG7909, CyaA, dSLIM, GM-CSF, IC36, 1C31,
Imigquimod, ImuPFact IMP321, IS Patch, ISS, ISCOMATRIX, JuvBmmune, LipoVac, MF39,
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roonophosphoryl lipid A, Mountanide IMS 1312, Montawide ISA 206, Moutanide ISA 50V,
Montanide ISA-51, OK-432, OM-174, OM-197-MP-EC, ONTAK, PEPTEL, vector system,
PLGA microparticles, resiguimod, SRE172, Virosomes and other Virus-like particles, YF-17D,
VEGEF trap, RR4K, beta-glucan, Parma3Cys, and Aquila’s QS21 stimulon.  In another further
embodiment, the immunomodulator or adjuvant is poly-ICLC.

{6815} The dissohition of these polymers in water leads to an acid solution which is
neutralized, preferably to physiological pH, in order to give the adjuvant solution into which the
VACCINGS OF UYUTRINOZONIC composition or antigends) or vector(s) thereef is incorporated. The
carboxyl groups of the polymer are then partly in COQ ™.

{3016} Preferably, a solution of adjuvant according to the invention, especially of carbomer,
is prepared fu distitled water, preferably in the presence of sodium chioride, the solution obtained
being at acidic pH. This stock solution is diluted by adding it to the required quantity (for
obtaining the desired final concentration), or a substantial part thereof, of water charged with salt
such as NaCl, preferably physiological saline (NaCl © /1), all at once or in several portions with
concornttant or subsequent neutralization {(pH 7.3 to 7.4), preferably with a base such as NaOH.
This solution at physiological pH is used as is to reconstitute the vaccine, especially stored in
freeze-dried or lyophihized form.

(G317} The polymer concentration in the final vaccine composition is 0.01% to 2% w/v,
roore particularly 8.06 to 1% w/v, preferably 0.1 to 8.6% w/iv.

{B018] Muoreover, the invention applies to the use of any type of expression vector, such as a
viral expression veetor, .2, poxvirus {€.g., orthopoxvirus or avipoxvirus such as vaccinia virus,
imncluding Medified Vaccinia Ankara or MVA, MVA-BN, NYVAC according to WG-A-
92/15672, fowlpox, e.g., TROVAX, canarypox, e.¢., ALVAC (W(O-A-95/27780 and W(O-A-
92/15672) pigeonpox, swinepox and the hike), adenovirus, AAY herpesvirus, and lentivitus; or a
plasmid or DNA or nucleic acid molecule vector. Some vectors that are cytoplasmic, such as
poxvirus vectors, may be advantageous. However adenovirus, AAV and lentivirus can also be
advantageous to use in the practice of the invention.

{6019] Inn a ready-for-use, especially reconstituted, vaceing or immunogenic coraposition, the
vector, €.g., viral vector, is present in the quantitics within the ambit of the skilled person from
this disclosure and the knowledge in the art (such as i patent and scientific literature cited

herein).

N



WO 2015/095811 PCT/US2014/071707

10261 Wheole antigen or vector, ¢.g., recombinant hve vaccines generally exist in a freeve-
dried form aliowing their storage and are reconstituted immediately before use in a solvent or
excipient, which can include an adjuvant as herein discussed.

{6621} The subject of the tnvention s therefore alse a vaccination or immmumization set or kit
comprising, packaged scparately, freeze-dried vaccine and a solution, advantageously including
an adjuvant compound as herein discussed for the reconstitution of the freeze-dried vaccine.
{6622 The subject of the invention is also a method of vaccmation or immunization
comprising or cousisting cssentially of or consisting of adwinistering, ¢.g., by the parenteral,
preferably subcutancous, intramuscular or intradermal, route or by the mucosal route a vaccine
Or urounogenic composition i accordance with the fnvention at the rate of one or more
administrations.  Optionally this method inchides a preliminary step of reconstituting the freeze-
dried vaccine or framunogenic composition {e.g., if lyophilized whole antigen or vector) in a
solution, advantageously also including an adjuvant.

{6023} In one embodiment, the checkpoint inhibitor 18 an inhibitor of the programmed death-
L {PD-1) pathway. In avnother embodiment, the mhibitor of the PD-1 pathway s an anti-PDI
antibody. In a related embodiment, the inhibitor of the PD-1 pathway 18 Nivolumab.

{8024} In one embodiment, the checkpoint mhibitor 18 an anti-cytotoxic T-lymphocyte-
associated antigen 4 (CTLA4) antibody. In a related embodiment, the anti-CTLA4 antibody is
Ipilumumab or Tremelimumab,

{8025} In one embodiment, the subject is suffering from a neoplasia selected from the group
consisting oft Non-Hodgkin's Lymphoma (NHL), clear ccil Renal Cell Carcinoma {(ccRCC),
melanoma, sarcoma, lcukemia or a cancer of the bladder, colon, brain, breast, head and neck,
endometrium, lung, ovary, pancreas or prostate. In another embodiment, the neoplasia is
roctastatic. In a further erabodimaent, the subject has no detectablc necoplasia but is at hugh risk
for disease recurrence. In a further related embodiment, the subject has previously undergone
autologous hematopoictic stem cell transplant (AHSCT).

{8826} In one embodiment, admmistration of the checkpoint inhibitor is inttiated before
inttiation of adrministration of the ncoplasia vaccine or immunogenic composition.  In one
embodiment, adminisiration of the checkpoint inhibitor is initiated after initiation of

adnunistration of the neoplasia vaccine or frormaunogenic composition.  In one ersbodirnent,
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adenistration of the checkpownt wnhibtior s initiated simultaneously with the wmitiation of
administration of the neoplasia vaccine or immunogenic composition.

{80271 In another crobodiraent, administration of the checkpoint inhibitor continues every 2-
& or more weeks after the first administration of the checkpoint inhibitor. In a further
cmbodiment, administration of the checkpoint mhibitor continnes every 2, 3 or 4, 6 or § wecks
after the first administration of the checkpoint inhibitor. In another further embodiment, the
administration of the checkpoint inhibitor is withheld during the week prior to administration of
the neoplasia vaccme or fmrounogewic compostiion. In still another further embodiment, the
administration of the checkpoint inhibitor 18 withheld during administration of the neoplasia
Vaceing or mruunogenic composition.

{6628} In one embodiment, the admimstration of the checkpoint inhibitor is initiated
following turgor resection. In another embodiment, administration of the neoplasia vaceine or
immunogenic composition is inttiated 1-135 weeks after tumor resection.  In another further
cmbodiment, admirstration of the ncoplasia vaccine or immunogenic composition 1s injtiated 4-
12 weeks after turnor resection.

16029 In one embodiment, administration of the neooplasia vaccine or immunogenic
composition is in a pritvae/ boost dosing regimen.  In another embodiment, administration of the
neoplasia vaccine or immunogenic composition is at weeks 1, 2, 3 or 4 as a prime.  In another
further erabodiment, adromistration of the neoplasia vaccine or imunogenic composition 18 at
months 2, 3, 4 or 5 as a boost.

{8030} In one cmbodiment, the vaccine or immunogenic composition 18 administered at a
dose of about 10 pg- T mg per 70 kg individual as to each neoantigenic peptide.  In another
embodiment, the vaccine or immunogenic composition is administered at an average weekly
dose fevel of about 10 ug- 2000 pg per 70 kg individual as to cach neoantigenic peptide. In
another further embodiment, the checkpoint inhibitor is administered at a dose of about ¢.1-10
mg/kg. In another related erobodivoent, the administration is futravenous.

{3831} In one embodiment, the anti-CUTLA4 antibody is adminisicred at a dose of about 1
rmgke- 3 mygkg.

{8632} In one embodiment, the vaccine or immunogenic composition is administered

intravencusly or subcutancously.
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1033 In another cmbodiment, the checkpoit inhibitor 18 admimstered indravenously or
subcutancously.
{8034} In ancther embodiment, the checkpoint inhibitor 15 administered subcutancously
within about 2 cm of the stie of administration of the neoplasia vaccine or immunogenic
coraposition.
{8635} In one embodiment, the checkpoint inhibitor 1s administered at a dose of about §.1-1
mg per site of administration of the neoplasia vaccine or immunogenic compostition, per 70 kg
individual.
{3636} In one embodiment, the method further comprises administration of one or more
additional agents. In another embodiment, the additional agents are selected from the group
consisting of! chemotherapeutic agents, anti-angiogenesis agents and agents that reduce fmmune-
suppression. In a further embodiment, the one or more additional agents are one or more anti-
glucocorticoid induced tumor necrosis factor family receptor (GITR) agonistic antibodies.
(#0371 In one embodiment the method rmay comprise admunistering the corabination therapy
within a standard of care for a particular cancer. In another embodiment the combination therapy
is administered within a standard of care where addition of the combination therapy is synergistic
with the steps in the standard of care.
{6038 The invention comprehends performing methods as in U.S. patent application No.
20110293637, mncorporated herein by reference, ¢.g., a method of identifying a plurality of at
least 4 subject-specific peptides and preparing a subject-specific immunogenic composition that
upon administration presents the plurality of at least 4 subject-specific peptides to the subject’s
mmune system, wherein the subject has a tumor and the subject-specific peptides are specific to
the subject and the subject’s tumor, said method comprising:

{1} identitying, iocluding through

nucleic acid sequencing of a sample of the subject’s tumor and
nucleic acid sequencing of a non-tumor sample of the subject,

a phurality of at least 4 turnor-specific non~-silent mutations not present in the non-tumor sanple;
and

{iy  selecting from the identified non-silent mutations the plurality of at least 4
subject-specific peptides, cach having a different tumor nco-cpttope that 1s an epttope specific to

the tumor of the subject, from the wdentified plurality of tumor specific mutations,
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but exclude clernents that are found 1 the prior art or that affect 4 basic or novel characteristic of
the invention.
{804 1] These and other ernbodiments are disclosed or are obvious from and encompassed by,
the following Detailed Description.

BRIEF DESCRIPTION OF THE DRAWINGS
{18042} The patent or application file contains at least one drawing executed in color. Copies
of this patent or patent application publication with color drawing{s) is provided by the Office
upon request and payment of the necessary fee.
{B043] The following detatled description, given by way of example, but not intended to
limit the nvention solely to the specific embodiments deseribed, may best be understood in
conjunction with the accompanying drawings, incorporated herein by reference, wherein:
{8044 Figure 1 depicts a flow process for making a personalized cancer vaccine or
INMUROEenic composition.
{B045] Figure 2 shows a flow process for pre-ireatment steps for generating a cancer vaceing
OF tmmunogenic composition for a melanoma patient.
{6046] Figure 3 illustrates an momunization schedule based on a prime boost strategy
according o an exemplary embodiment of the present invention.
{60471 Figure 4 shows a timne line indicating the primary immunological endpoint according
to an exemplary aspect of the invention.
{3048] Figure 5 illustrates a time line for adnmunistering a co-therapy with checkpoint
blockade antibodies to evaluate the combination of relief of local immune suppression coupled
with the stimulation of new immunity according to an exemplary embodiment of the invention.
As shown in the scheme, paticnts who cunter as appropriate candidates for checkpoint blockade
therapy, ¢.g., anti-PDLT as shown here, may be entered and immediately treated with antibody,
while the vaccime or immunogenic composition s being prepared.  Patients way then be
vaccinated. Checkpoint blockade antibody dosing can be continued or possibly deferred while
the priming phase of vaccination occurs,
{8049} Figure & shows a schematic depicting drug product processing of individual
neoantigenic peptides into pools of 4 subgroups according to an exeraplary embodiment of the

nvention.

1
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{0506} Figure 7 shows the results of quantitative PCR to assess the levels of wduction of a
number of key immune markers after stimulation of mouse dendritic cells using a neoantigenic
formulation.
{6851} Figure ¥ is a schematic outhine of study 1. Nivolumab vs Nivohimab and NeoVax
following AHSCT 1n Non-Hodgkin's Lyraphoma.
{00582} Figure 9 18 a schematic outline of study 2: Nivolumab and NeoVax in metastatic
melanoma and metastatic RCC.
{6053} Figure 10A-D are schematics of four studies. (A} Study 3a shows dose escalation of
reduced intensity intravenous Ipilimumab in metastatic melanoma. (B) Study 3b shows dose
escalation of sub-cutancous Ipilioumab (Localy in metastatic wclanoma. {C) Study 3¢ shows
dose escalation of reduced intensity intravenous Iptlimumab in high-risk Melanoma. (D} Study
3d shows dose escalation of sub-cutancous Ipithmumab (Localy in high-risk melanoraa.
{8054] Figure 11 illustrates a study scheme combining NeoVax and Ipilimumab to treat high-
risk renal cell carcinorna.
{B0SS] Figure 12 iHustrates a itreatment scheme for a study combining NeoVax and
ipilimumab to treat high-risk renal cell carcinoma.

DETAILED DESCRIPTION OF THE INVENTION
Definitions
[8056] To facilitate an understanding of the present wvention, a number of terros and phrases
are defined herein:
{38587} Unless specifically stated or obvious from context, as used herein, the terrn “about” 8
understood as within a range of normal tolerance in the art, for example within 2 standard
deviations of the mean. About can be understood as within 50%, 45%, 40%, 35%, 30%, 25%,
20%, 15%, 10%, 9%, 8%, 7%, 6%, 3%, 4%, 3%, 2%, 1%, (.5%, 8.1%, 0.05%, or 0.01% of the
stated value. Uniess otherwise clear from context, all numerical values provided herein are
modified by the term about.
{B058] Unless specifically stated or obvious from context, as used herein, the term “or” is
understood to be imchusive. Unless specifically stated or obvious from coutext, as used heren,

the terms “a,” “‘an,” and “the” are understood to be singular or plural.
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{059 By “agent” is meant any small molecule chermical compound, antibody, naclete acid
molecule, or polypeptide, or fragments thercof.

{8060} Immune checkpoints are indubitory pathways that slow down or stop immnune
reactions and prevent excessive tissue damage from uncontrolled activity of immupne cells. By
“checkpoint inhibitor” is meant to refer to any small molecule chemical corapound, antibody,
nucleic acid molecule, or polypeptide, or fragmeuts thereof, that inhibits the inhibitory pathways,
allowing more extensive immune activity.  In certain embodiments, the checkpoint inhibitor is
an iohibtior of the programmed death~1 (PD-1) pathway, for exarople an anti-PD1 antibody, such
as, but not limited to Nivolumab. In other embodiments, the checkpeoint inhibitor is an anti-
cytotoxic T-lymphocyte-associated antigen {CTLA-4) antibody. In additional embodiments, the
checkpoint inhibitor is targeted at another member of the CD2Z8CTLA4 Ig superfamily such as
BTLA, LAG3, ICOS, PDLI or KIR Page of al,, Annual Review of Medicine 65:27 (2014}, In
further additional embodiments, the checkpoint inhibitor s targeted at a member of the TNER
superfamily such as CB40, OX40, CD137, GITR, CD27 or TIM-3. In some cascs targeting a
checkpomnt inhibitor 18 accoroplished with an mhibitory antibody or simular molecule. In other
cases, it 18 accomplished with an agonist for the target; examples of this class include the
stimulatory targets OX40 and GITR.

{3861} The term “combination” embraces the administration of a ncoplasia vaccing or
immunogenic composition {¢.g. a pooled sample of neoplasia/tumor specific neoantigens) and
one or more checkpoint inhibitors, as part of a treatiment regimen intended to provide a beneficial
(additive or synergistic) effect from the co-action of one or more of these therapeutic agents.
The combination may also include one or more additional agents, for example, but not liraited to,
chemotherapeutic agents, anti-angiogenesis agents and agents that reduce immune-suppression.
The beneficial effect of the combination inclades, but 18 not lited to, pharraacokinetic or
pharmacodynamic co-action rosulting from the combination of therapeutic  apents.
Adminstration of these therapeutic agends in corabination typically 1s carried out over a defined
tirae period {for example, minutes, hours, days, or weeks depending upon the cormbination
selected).

18662} “Combination therapy” is infended to embrace administration of these therapeutic
agents in a scquential manner, that s, wherein cach therapeutic agent 18 adnunistered at a

different tume, as well as adwinistration of these therapeutic ageunts, or at least two of the
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therapentic  agents, i a sobstantially sioultancous manner.  Substantially  simultancous
administration can be accomphlished, for example, by administering to the subject a single
capsule having a fixed ratio of cach therapeutic agent or in multiple, single capsules for cach of
the therapeutic agents. For example, one combination of the present invention may comprise a
pooled sarapie of tumor specific neoantigens and a checkpoint indubitor admirustered at the same
or different times, or they can be formulated as a single, co-formulated pharmaceutical
composition comprising the two compounds.  As another example, a combination of the present
invention {e.g., a pooled sarapie of tumor specific neoantigens and a checkpoint whibitor and/or
an anti-CTLA4 antibody) may be formulated as separate pharmaceutical compositions that can
be admunistered at the sawe or different time.  As used herein, the term “simuliancously” 1
meant to refer to administration of one or more agents at the same time. For example, in certain
embodiments, a neoplasia vaccine or imrpunogenic composition and a checkpoint inhibitor are
administered simultaneously.  Simultancously includes administration countemporaneously, that
is during the same period of time. In certain crobodirnents, the one or more agents are
adwmnistered simultancously i the same hour, or simultaneously in the same day. Scquential or
substantially sinmltancous administration of cach therapeutic agent can be cffected by any
appropriate route mcluding, but not hmited to, oral routes, intravenous routes, sub-cutancous
routes, intramuscular routes, direct absorption through mmcous membrane tissues {e.p., nasal,
mouth, vaginal, and rectal), and ocular routes {c.g., intravitreal, imtraocular, ete).  The
therapeutic agents can be administered by the same route or by different routes. For example,
onc component of a particular corabination may be administered by intravenous injection while
the other component(s) of the combination may be administered orally. The components may be
administered in any therapeutically effective sequence. The phrase “combination” embraces
groups of comapounds or non-drug therapies useful as part of a corbination therapy.

{8063} The term “neoantigen” or “nepantigenic” means a class of tumor antigens that arises
from a tumor-specific routationds) which alters the amino acwd sequence of gevoroe encoded
proteins.

{6064} By “ncoplasia” is rocant any disease that is caused by or results in inappropuately
high levels of cell division, inappropriately low levels of apoptosis, or both. For example, cancer
is an cxample of a ncoplasia. Examples of cancers mclude, without limitation, leukernia {c.g.,

acute leukemua, acute lymphocytic leukerma, acute royelocvtic leukersia, acute myeloblastic
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leukomia, acute promyeclocytic leukeroia, acute myclomonocyiic leukemia, acuie monocyiic
leukemia, acute crythroleukemia, chronic leukemia, chronic myelocytic lcukemia, chronic
tymphocytic leukemia), polyeythernia vera, lymphoma (e.g., Hodgkin's discase, non-Hodgkin's
disease), Waldenstrom’s macroglobulinemia, heavy chain disease, and solid fumsors such as
sarcomas and carcinomas {e.g., fibrosarcoma, myxosarcoma, liposarcoma, chondrosarcoma,
osteogenic  sarcoma, chordoma, angiosarcoma, endotheliosarcoma, lymphangiosarcoma,
lymphangicendotheliosarcoma, synovioma, mesothelioma, Ewing's tumor, leiomyosarcoma,
rhabdomyosarcoma, colon carcinoma, pancreatic cancer, breast cancer, ovanan cancer, prostate
cancer, squamous cell carcinoma, basal cell carcinoma, adenocarcinoma, sweat gland carcinoma,
sehaccous  gland  carcinoma,  papillary  carcimoma,  papillary  adenocarcivoruas,
cystadenocarcinoma, meduollary carcinoma, bronchogenic carcinoma, renal cell carcinoma,
hepatoma, nile duct carcinoma, chortocarcinoma, seminoma, cmbryonal carcinoma, Wikm's
tumor, cervical cancer, uterine cancer, testicular cancer, lung carcinoma, small cell hing
carcinoma, bladder carcinoma, cptthelial carcinoma, glioma, astrocytoma, racdulloblastoma,
cramopharyngioma, cpendymoma,  pinealoma,  hemangioblastoma,  acoustic  neuroma,
oligodenroglioma, schwannoma, meningioma, melanoma, neuroblastoma, and retinoblastomal.
Lymphoprohiferative disorders are also considered to be proliferative diseases.

{8065] The term “neoplasia vaccine” is meant to refer to a pooled sample of neoplasia/tumor
specific necantigens, for exaraple at least two, at least three, at least four, at least five, or more
negantigenic peptides. A “‘vaccine” is to be understood as meaning a composition for generating
irmunity for the prophylaxis and/or treatment of diseases {o.g., neoplasia/turnor). Accordingly,
vaccines are medicaments which comprise antigens and are intended to be used in humans or
animals for generating specific defense and protective substance by vaccination. A “neoplasia
vaceine composition © can include a pharrmaceuntically acceptable excipient, carrier or ditucnt.
{8066} The term “pharmaceutically acceptable” refers to approved or approvable by a
regulatory agency of the Federal or a state government or histed 1o the U.S. Pharmacopeia or
other generally recognized pharmacopeia for use 1o animals, including humans.

{60671 A “pharmaceutically acceptable cxcipient, carrier or diluent” refers to an excipiont,
carrier or diluent that can be administered to a subject, together with an agent, and which does
not destroy the pharmacological activity thercot and is nontoxic when administered i doses

sufficient to debiver a therapeutic amount of the agent.
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{B068] A “pharmaccutically acceptable salt” of pooled tumor specific neoantigens as recited
hereinn may be an acid or base salt that is gencerally considered in the art to be suitable for use in
contact with the tissues of human beings or animals without excessive toxicity, frritation, allergic
response, or other problem or complication. Such salts include mineral and organic acid salts of
basic residues such as anunes, as well as alkali or organic salis of acidic residues such as
carboxylic acids. Specific pharmaceutical salts include, but are not limited to, salts of acids such
as hydrochloric, phosphoric, hydrobromic, malic, glycolic, fumaric, sulfuric, sulfamic, sulfanilic,
formic, tolucncsulfonic, mcthanesulfonic, benzene  sulfonic, cthane  disulfonic, 2-
hyvdroxyethylsulfonic, nitric, benzoic, 2-acetoxybenzoic, citric, tartaric, lactic, stearic, salicylic,
glutamic, ascorbic, pamoie, succinie, fumaric, maleie, propionic, hydroxymaleie, hydrotedic,
phenylacetic, alkanoie such as acetic, HOOU{CH2Zw-COOH where n 15 -4, and the like.
Similarly, pharmaceutically acceptable cations melude, but are not limitted to sodium, potassium,
calctum, aluminum, lithium and ammonium. Those of ordinary skill in the art will recognize
from this disclosure and the knowledge in the art that further pharmaceutically acceptable salts
for the pooled tumor specific neoantigens provided herein, including those listed by Renungton’s
Pharmaceutical Sciences, 17th ed., Mack Publishing Company, Easton, PA, p. 1418 (1985). In
general, a pharmaccutically acceptable acid or base salt can be synthesized from a parent
compound that contains a basic or acidic moicty by any conventional chemical method. Briefly,
such salts can be prepared by reacting the free acid or base forms of these compounds with a
stoichiometric amount of the appropriate base or acid in an appropriate solvent.

[8069] By a “polypeptide” or “peptide” 18 meant 8 polypeptide that has been separated from
components that natarally accompany it. Typically, the polypeptide is isolated when it is at [east
60%, by weight, free from the proteins and naturally-occurring organic molecules with which it
is naturally associated. Preferably, the preparation is at least 75%, more preferably at least 90%,
and most preferably at least 99%, by weight, a polypeptide. An isolated polypeptide may be
obtained, for example, by extraction from a natural source, by expression of a recombinant
nucleic acid enceding such a polypeptide; or by chemically synthesizing the protein. Purity can
be measured by any appropriate method, for example, column chromatography, polyacrylamide

gel electrophoresis, or by HPLC analysis.
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130761 As used herein, the terms “‘prevent,” “preventing,” “prevention,” “prophylactic
treatment,” and the like, refer o reducing the probability of developing a disease or condition in
a subject, who does not have, but 1s at risk of or susceptible to developing a discase or condition.

{8071 The term “prime/ boost” or “prime/ boost dosing regimen” is meant to refer to the
successive adnunistrations of a vaccine or immunogenic or immunological corapositions. The
priming administration {priming) is the administration of a first vaccine or fmumunogenic or
immunclogical composition type and may comprise one, two or more administrations. The boost
adurdstration is the sccond administration of a vaccine or wmmunogenic or imrounological
composition type and may comprise ong, two or more administrations, and, for instance, may
comprise or consist esscutially of annual admunistrations. In certain embodiments, admirgsiration
of the neoplasia vaccine or immunogenic composition is in a prime/ boost dosing regimen.

18072} Ranges provided herein are understood to be shorthand for all of the values withun the
range. For example, a range of 1 to SO s understood to include any number, combination of
numbers, or sub-range from the group consisting 0f' 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15,
16, 17, 18,19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41,
42, 43, 44, 45, 46, 47, 48, 49, or 50, as well as all intervening decimal values between the
aforementioned infegers such as, for exarople, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, and 1.9, With

k]

respect to sub-ranges, “nested sub-ranges” that extend from cither end point of the range are
specifically contemplated. For example, a nested sub-range of an exemplary range of 1 to 50
may comprise 1 10 18, 1 to 20, 1 to 38, and 1 to 40 in one direction, or 50 to 40, 50 to 38, 50 to
28, and 30 to 10 in the other direction,

(#8373} A “receptor” is to be understood as meaning a biological molecule or a molecule
grouping capable of binding a ligand. A receptor may serve, o transmit information in a cell, a
cell formation or an organisto.  The receptor coraprises at least one receptor umt and frequently
contains two or more receptor units, where ¢ach receptor unit may consist of a protein molecule,
in particular a glycoprotemn molecule.  The receptor has a siructure that complements the
structare of a ligand and may complex the ligand as a binding partner. Signaling information
ray be transnutted by conformational changes of the receptor following binding with the ligand
on the surface of a cell. According to the invention, a receptor may refer to particular proteins of
MHC classes T and H capable of forming a receptor/higand complex with a ligand, i particular a

peptide or peptide fragment of suitable length.

M
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13074} The term “subject” refers to an animal which 1s the object of treatrocnt, observation,
or experiment. By way of example only, a subject includes, but is not limited to, a mammal,
including, but not limited to, a huraan or & non-human maramal, such as 8 non-human primate,
bovine, equine, caning, oving, or feline,

{0475] The terms “treat,” “treated,” “treating,” “treatment,” and the like are meant to refer to
reduciog or ameliorating a disorder and/or symptoms associated therewith {¢.g., a neoplasia or
tumor). “Treating” may refer to administration of the combination therapy to a subject after the
onset, or suspected onset, of a cancer, “Treating” meludes the concepts of “alleviating”, which
refers to lessening the frequency of occurrence or recurrence, or the severity, of any symptoms or
other 1l effects related to a cancer and/or the side effects associated with cancer therapy. The
term “treating” also epcompasses the concept of “managing” which refers to reducing the
severity of a particular disease or disorder i a patient or delaying its recurrence, o.g.,
lengthening the period of remission in a patient who had suffered from the disease. It is
appreciated that, although not precluded, treating a disorder or condition does not require that the
disorder, condition, or symptoms associated therewith be corapletely ehiminated.

16676} The term “therapeutic effect” refers to some extent of relief of one or more of the
syraptoras of a disorder {¢.g., a neoplasia or tumor) or its associated pathology. “Therapeutically
cffective amount” as used herein refers to an amount of an agent which is effective, upon single
or multiple dose administration to the cell or subject, in prolonging the survivability of the
patient with such a disorder, reducing one or more signs or symptoms of the disorder, preventing
or delaying, and the like beyond that expected in the absence of such treatroent
“Therapeutically effective amount”™ is intended fo qualify the amount required to achieve a
therapeutic offect. A physician or veterinarian having ordinary skill in the art can readily
determine and prescribe the “therapeutically effective amount” {e.g., ED30) of the
pharmaccutical composition required. For cxample, the physician or veterinarian could start
doses of the compounds of the invention employed in a pharmaceutical composition at levels
lower than that required in order to achieve the desived therapeutic effect and gradually increase
the dosage until the desired etfect 15 achicoved.

180771 The recitation of a listing of chemical groups in any definition of a variable herein

includes definitions of that variable as any single group or combination of listed groups. The
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recitation of an embodivoent for a variable or aspect hercin wcludes that embodiment as any
single embodiment or in combination with any other embodiments or portions thereof.

{BG78] Any compositions or methods provided herein can be combined with one or more of
any of the other compositions and metheds provided herein.

{3679] The comabination therapy disclosed hercin constituics a new method for treating
varigus types of cancer. The combination therapy described herein also provides a method of
therapy for achieving clinical benefit without an unacceptable level of side effects.

{3489} The present invention relates to methods for the treatment of neoplasia, and more
particularly tumors, by administering to a subject a ncoplasia vaccine of ImMmunogenic
composition comprising a plorality of neoplasia/tinnor specific neoantigens and at least one
checkpoint inhibitor.

{8081 As described in more detail herein, whole genome/exome sequencing may be used to
identity all, or nearly all, mutated neoantigeus that are uniquely present in a neoplasia/tumor of
an individual patient, and that this collection of mutated neoantigens may be analyzed to identity
a specific, optirmzed subset of neoantigens for use as a personalized cancer vaccine or
immunoegenic composition for treatment of the patient’s neoplasia/tumor.  For example, a
population of neoplasia/tumor specific necantigens may be identified by sequencing the
neoplasia/tumor and normal DNA of each patient to identify tumor-specific mutations, and the
patient’s HLA allotype can be wdentificd.  The population of ncoplasig/tumsor specific
neoantigens and their cognate native auntigens may then be subject to bioinformatic analysis
using validated algorithms to predict which tumor-specific mutations create epttopes that could
bind to the patient’s HLA allotype. Based on this analysis, a plurality of peptides corresponding
to a subsct of these mutations may be designed and synthesized for cach patient, and pooied
together for use as a cancer vaccing of ITumunogenic coroposition in immunizing the patient.
16082} The immune system can be classified into two functional subsystems: the innate and
the acquired wmmune system.  The innate fraroune systern s the fivst hine of defonse against
infections, and most potential pathogens are rapidly neutralized by this system before they can
cause, for cxample, a noticeable infection. The scquired frormaune systern reacts to molecular
structures, referred to as antigens, of the intruding organism. There are two types of acquired
uranune reactions, which include the humorsl immune reaction and the cell-mediated immune

reaction. fo the humeral immune reaction, antibodies seereted by B cells wto bodily fluids bind
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to pathogen-derived antigens, lecading to the climiunation of the pathogen through a variety of

mechanisims, ¢.g. complement-mediated lysis. In the cell-mediated immune reaction, T-cells

v

capable of destroying other cells are activated. For example, if proteins associated with a disease
are present in a cell, they are fragmented proteolytically to peptides within the cell. Specific cell
proteins then attach themsclves to the antigen or peptide formed in this manner and transport
them to the surface of the cell, where they are presented to the molecular defense mechanisms, in
particular T-cells, of the body. Cytotoxic T cells recognize these antigens and kill the cells that
harbor the antigens.

{B083] The molecules that transport and present peptides on the cell surface are referred to as
proteins of the major histocompatibility complex (MHC). MHC proteins are classified o two
types, referred to as MHC class T and MHC class H. The structures of the proteins of the two
MHBC classes are very simnilar; however, they have very different functions, Proteins of MHC
class I are present on the surface of almost all cells of the bedy, including most tumor cells.
MHC class T proteins are loaded with antigens that usually originate from endogenous proteins or
from pathogeus present inside cells, and are then presented to naive or eytotoxic T-lymphocytes
(CTLs). MHC class H proteins are present on dendritic cells, B- lymphocytes, macrophages and
other antigen-presenting cells. They mainly prescut peptides, which are processed from external
antigen sources, 1.¢. outside of the cells, to T-helper {Th) cells. Maost of the peptides bound by
the MHC class  proteins originate from cytoplasmic proteins produced i the healthy host celis
of an organism itself, and do not normalily stimulate an immune reaction. Accordingly, cytotoxic
T-lymphocytes that recognize such self-peptide-presenting MHC molecules of class T are deleted
in the thymus {central tolerance} or, after their release from the thymus, are deleted or
inactivated, 1.¢. tolerized {peripheral tolerance). MHC molecules are capable of stimulating an
immune reaction when they present peptides to non-tolenized T-lyrophooytes.  Cytotoxic T-
lymphocytes have both T-cell receptors (TCR) and CD8 molecules on their surface. T-Cell
receptors are capable of recognizing and bwnding peptides comploxed with the molecules of
MHC class 1. Each cytotoxic T-lymphocyte expresses a anique T-cell receptor which is capable
of binding specific MHC/peptide complexes.

{BOR4] The peptide antigens attach thersselves to the molecules of MHC class 1 by
competitive atfinity binding within the condoplasmic reticulum, before they are presented on the

cell surface. Here, the affinity of an individual peptide antigen 18 directly linked to its amuno
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acid sequence and the presence of specific binding wotifs in defined posttions within the amino
acid sequence. If the sequence of such a peptide is known, it is possible to manipulate the
immune systern agamst discased cells using, for example, peptide vaccines.
{B085] One of the critical barriers to developing curative and tumor-specific immunotherapy
is the wdentification and sclection of highly specific and restricted tumor antigens to avoid
autoummunity.  Tumor neoantigens, which arise as a result of genetic change (e.g., inversions,
translocations, deletions, missense mutations, splice site mutations, etc.} within malignant cells,
represent the most tumor-specific class of antigens, Neoantigens have rarely been used in cancer
vaccing or Immunogenic compositions due to technical difficulties in identifying them, selecting
optimized neoantigens, and producing veoantigens for use in a vaccinge of Dmyounogenic
composition. These problems may be addressed by:
. identifying all, or nearly all, mutations i the neoplasia/tumor at the DNA
ievel using whele genome, whole exome {¢.g., only captured exons), or RNA

sequencing of fumor versus matched gerrnline saropics from each pationt;

. analyzing the identified mutations with one or more peptide-MHC binding
prediction algorithms o generate a plarality of candidate necantigen T cell
gpitopes that are expressed within the neoplasia/tumor and may bind patient

HILA alleles; and

. synthesizing the plurality of candidate neoantigen peptides selected from the
sets of all neoORF peptides and predicted binding peptides for use in a cancer

VacCHIC OF BTQUnogenic composttion,

{3886} As described herein, there 18 a large body of evidence in both animals and humans
that mutated epitopes are cffective 1 inducing an tovoune response and that cases of
spontancous tumor regression or long term survival correlate with CD8+ T-cell responses to
mutated epitopes (Buckwalter and Srivastava PK. “It 15 the antigen{s), stupid” and other lessons
from over a decade of vaccitherapy of human cancer. Seminars in immunology 20:296-300
{2008); Karanikas ot al, High frequency of cytolytic T lymphocytes directed against 8 tumor-
specific mutated antigen detectable with HLA tetramers in the blood of a lung carcinoma patient
with long survival, Cancer Res, 61:3718-3724 (2001}); Lennerz ct al, The response of autologous
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T cells to a human wmelanoma 18 dovmnated by mutated neoantigens. Proc Natl Acad Sci U S
A 10216013 (2005)) and that “immunoediting” can be tracked to alterations in expression of
dominant mutated antigens 1 mice and man (Matsushita ¢t al, Cancer exorae analysis reveals a
T-cell-dependent mechanism of cancer immunoediting Nature 482:400 (2012, DuPage et al,
Expression of tumor-specific antigens underlics cancer immunocditing Nature 482:405 (2012);
and Sampson et al, Immunologic escape after prolonged progression~free survival with
eptdermal growth factor receptor variant I peptide vaceination in patients with newly diagnosed
glioblastoraa J Clin Oueol. 28:4722-4729 (2010}). In one evobodivocnt, the mutated epitopes of a
cancer patient are determined.

{B087] In one embodument wutated epitopes are detormined by sequencing the geonome
and/or exome of tumor tissue and healthy tissue from a cancer patient using next generation
sequencing technologies.  In another cmbodiment genes that are sclected based on theiwr
frequency of mutation and ability to act a8 a neoantigen are sequenced using next generation
sequencing technology,  Next-generation sequencing applics to gonorae scquencing, genorne
resequencing, transcriptome profiling (RNA-Seq), DNA-protein interactions {ChiP-sequencing},
and epigenome characterization {de Magalhdes JP, Finch CE, Janssens G (2010). “Next-
generation sequencing in aging research: emerging applications, problems, pitfalls and possible
solutions”. Ageing Rescarch Reviews 9 (3} 315-323; Hall N (May 2007). “Advanced
sequencing technologies and their wider irapact in microbiology”. 1. Exp. Biol. 209 (Pt 9): 1518-
1525; Church GM (January 2006}, “Genomes for all”. Sci. Am. 294 (11 46-54; ten Bosch IR,
Grody WW (2008). “Keeping Up with the Next Generation”. The Journal of Molecular
[Hagnostics 10 (6} 484-492; Tucker T, Marra M, Friedman IM (2009). “Massively Parallel
Sequencing: The Next Big Thing in Genetic Medicine”. The American Journal of Human
Genetics 85 (2 142-154). Next-generation sequencing can now rapidly reveal the presence of
discrete mutations such as coding mutations in individual tumors, most commonly single amino
acid chavges {c.g., mussense mutations) and less frequently novel streiches of amino acids
generated by frame-shift insertions/deletions/gene fusions, read-through mutations in stop
codons, and translation of tmproperly spliced mtrons {(¢e.g., neoORFs). NeoORFs are particularly
valuable as immunogens because the entirety of their sequence i1s completely novel to the
immune system and so are analogous to a viral or bacterial foreign antigen. Thus, ncoORFs: (1)

are highly specific to the turoor (i.e. there 18 no expression in any normal cells); (2) can bypass
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central tolerance, thereby increasing the precursor frequency of neoantigen~specific CTLs. For
example, the power of utilizing analogous foreign sequences in a therapentic anti-cancer vaccing
OF INUTMUNOZCNIC coraposition was recently demonstrated with peptides derived from human
papilloma virus (HPV). ~50% of the 19 patients with pre-neoplastic, viral-induced disease who
received 3 - 4 vaccinations of a mix of HPV peptides derived from the viral oncogenes E6 and
E7 maintained a complete response for 224 months {(Kenter et a, Vaccination against HPV-16
Oncoproteins for Vulvar Intracpithelial Neoplasia NEJM 361:1838 (2009)).

{4088} Sequencing technology has revealed that each tumor contains multiple, patient-
specific niutations that alter the protein coding content of a gene. Such mutations create altered
proteins, ranging from siogle amino acid changes {caused by missense mutations) to addition of
long regions of novel amino acid sequence due to frame shifts, read-through of termination
codons or transiation of intron regions (novel open reading frame mutations; neoORFs). These
mutated proteins are valuable targets for the host’s immune response to the tumor as, uslike
native proteins, they are not subject to the immmunc-dampening offects of scif-tolerance.
Therefore, mutated proteins are more likely to be immunogenic and are also more specific for the
tumor cells compared to normal cells of the patient.

{808Y] An alternative method for wdentifying turoor specific necantigens s direct protein
sequencing.  Protein sequencing of enzymatic digests using multidimensional MS technigues
{MSn} meluding tandem mass spectrometry (MS/MS}) can also be used to identity ncoantigens
of the invention. Such proteomic approaches permit rapid, highly antomated analysis (see, e.g.,
K. Gevaert and J. Vandckerckhove, Flectrophoresis 21:1145-1154 (20003 B s further
conteraplated within the scope of the mvention that high-throughput wethods for de novo
sequencing of unknown proteins may be used to analyze the proteome of a patient’s tumor fo
identify expressed necantigens. For exarople, rocta shotgun protem sequencing may be used to
identify cxpressed neoantigens {sce ¢.g., Guthals et al. (2012) Shotgun Protein Sequencing with
Meta~contig Assembly, Molecular and Cellular Proteomics 11{10):1084-96).

{80943 Tumor specific necantigens may also be identified using MHC multimers to identify
neoantigen-specific T-cel responses.  For example, high-throughput analysis of neoantigen-
specific T-cell responses in patient saraples may be performed using MHC tetramer-based
screening technigues {see ¢.g., Hombrink ot all (2011 High-Throughput Identification of

Potential Minor Histocompatibility Antigens by MHC Tetramer-Based Screening: Feasibility
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and Limitations 6(8):1-11; Hadrup ot al. (2009) Parallel detection of antigen-specific T-cell
responses by multidimensional encoding of MHC mmltimers, Nature Methods, 6(7):520-26; van
Rootj ¢t al. (2013) Tumor exome analysis reveals necantigen-spectfic T-cell reactivity in an
IptHmumab-responsive melanoma, Joumnal of Clinical Oncology, 31:1-4; and Heemskerk et al.
{2013) The cancer antigenorne, EMBO Journal, 32(2):194-203). Such tetraracr-based screcning
techniques may be used for the initial identification of tumor specific neoantigens, or
alternatively as a secondary screcning protoco! to assess what ncoantigens a patient may have
already been oxposed to, thereby facilitating the selection of candidate neoantigens for the
invention.

{3091 In one embodiment the sequencing data derived from determining the presence of
mutations in a cancer patient is analysed to predict personal mutated peptides that can bind to
HLA molecules of the individual. In one embodiment the data 1s analysed using a computer. In
another embodiment the sequence data is analysed for the presence of neoantigens. In one
cmbodiment neoantigens are determined by their affinity to MHC molecules.  Efficiently
choosing which particular mutations to utilize as tnmunogen requires ideuntification of the
patient HLA type and the ability to predict which mutated peptides would efficiently bind to the
paticnt’s HLA alleles. Recently, neural network based learning approaches with vahdated
binding and non-binding peptides have advanced the accuracy of prediction algorithims for the
major HLA-A and -B alleles. Utilizing the recently mproved algorithras for predicting which
missense mutations create strong binding peptides to the patient’s cognate MHC melecules, a set
of peptides representative of optimal mutated epitopes (both neoQORF and missense) for cach
patient may be identified and prioritized (Zhavg et al, Machine learsing competition in
immunology — Prediction of HLA class | binding peptides J Immuno!l Methods 374:1 (20611);
Lundegaard ¢t al Prediction of epitopes using neural network based methods I Twmuvol
Methods 374:26 (20113}

{8092} Targeting as many mutated epitopes as practically possible takes advantage of the
enormous capacity of the immune system, prevents the opportunity for immunological escape by
down-rnodulation of a particular imymune targeted gene product, and compensates for the known
inaccuracy of epitope prediction approaches. Synthetic peptides provide a particularly useful
neans to prepare multiple fromaunogens officiently and to rapidly translate identification of

mutant epitopes to an effective vaccine or immunogeme composition.  Peptides can be readily
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synthesized chemically and casily purihied utilizing reagents free of contaminating bacteria or
animal substances. The small size allows a clear focus on the mutated region of the protein and
also reduces irrelovant antigenic competition from other components {unumutated protein or viral
vector antigens).

{093} In one ernbodiment the drug forroulation is 8 multi-cpitope vaccine or imrounogenic
composition of long peptides. Such “long” peptides undergo efficient internalization, processing
and cross-prosentation in professional antigen-presenting cells such as dendritic cells, and have
been shown to induce CTLs in humans (Mehef and van der Buarg, hnmunotherapy of established
{pre) malignant discase by synthetic long peptide vaccines Nature Rev Cancer 8:351 (2008}, In
one embodiment at least 1 peptide s prepared for immunization. In a prefered embodiment 20
or more peptides are prepared for immunization. In one embodiment the neoantigenic peptide
ranges from about 5 to sbout 530 amino acids i length. In another embodiment peptides from
about 15 to about 35 amino acids in length s synthesized. In prefered embodiment the

neoantigenic peptide ranges from about 20 to about 35 amino acids in length.
Production of Tumor Specific Neoantigens

[8094] The present invention 1s based, at least in part, ou the ability to present the tmmune
system of the patient with a pool of tumor specific neoantigens. One of skill in the art from this
disclosure and the knowledge in the art will appreciate that there are a variety of ways in which
to produce such tumor specific neoantigens. In general, such tumor specific neoantigens may be
produced cither in vitro or in vive, Tumor specific necantigens may be produced n vitro as
peptides or polypeptides, which may then be formulated into a personahized neoplasia vaceine or
immunogenic composition and administered to a subject.  As described in further detail herein,
such fu vitro production may occur by a vanety of roethods known to one of slall 1o the art such
as, for example, peptide synthesis or expression of a peptide/polypeptide from a DNA or RNA
molecule i any of a variety of bactenal, cukaryotic, or viral recorabinant expression systems,
followed by purification of the expressed peptide/polypeptide.  Alternatively, tumor specific
neoantigens may be produced in vivo by introducing molecules {c.g, DNA, RNA, viral
expression systermns, and the likey that encode tursor specific neoantigens info a subject,

whercupon the encoded tumor specific neoantigens are expressed. The methods of in vitre and
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in vivo production of neoantigens s also further described herein as it relates to pharmaceutical

compositions and methods of delivery of the combination therapy.
in Viire Peptide/Polypeptide Synthesis

{3095} Proteins or peptides may be made by any technique known to those of skill i the art,
including the expression of proteins, polypeptides or peptides through standard molecular
biglogical techniques, the isplation of proteins or peptides from natural sources, in vitro
translation, or the chemical synthesis of proteins or peptides.  The nucleotide and protewn,
polypeptide and peptide sequences corresponding to varigus genes have been previcusly
disclosed, and may be found at coraputenized databases known to those of ordinary skill 1 the
art. Ouve such database is the National Center for Biotechnology Information’s Genbank and
GenPept databases located at the National Institutes of Health website. The coding regions for
known genes may be amplified and/or expressed using the technigques disclosed herein or as
would be known to those of ordinary skill in the art.  Alternatively, various comruercial
preparations of protetns, polypeptides and peptides are known to those of skill 1o the art.

{8096} Peptides can be readily synthesized chemvically utilizing reagents that are free of
contarmnating bacterial or animal substances (Merifield RB: Selid phase peptide synthesis. L
The synthests of a tetrapeptide. . Am. Chem. Soc. 85:2149-54, 1963}, In certain embodiments,
neoantigenic peptides arc prepared by (1) paraliel solid-phase synthesis on multi-channel
instruments using uniform synthesis and cleavage conditions; (2) purification over a RP-HPLC
column with column stripping; and re~-washing, but not replacement, between peptides; followed
by {3) analysis with a himited set of the most informative assays. The Good Manufachiring
Practices {GMP} footprint can be defined around the set of peptides for an individual patient,
thus requiring suite changeover procedures ouly between syntheses of peptides for different
patients.

16097} Alternatively, a vucleie acid {e.g., a polynucleotide) encoding & neoantigenic peptide
of the invention may be used fo produce the neoantigenic peptide in vitre. The polynuclestide
may be, e.g., DNA, ¢DNA, PNA, CNA, RNA, cither single- and/or double-stranded, or native or
stabilized forms of polynucleotides, such as c.g. polynucleotides with a phosphorothiate
backbone, or cornbinations thereof and it may or may not contain introns so long as 1t codes for

the peptide.  In one embodiment in vitro translation 18 used to produce the peptide. Many
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exemplary systems oxist that one skilled 1o the art could utilize {c.g., Retic Lysate VT Kut, Life
Technologies, Waltham, MA).

{B098] Arn expression vector capable of expressing a polypeptide can also be prepared.
Expression vectors for different cell types are well known in the art and can be selected without
undue experimentation.  Generally, the DNA 1s mserted info an expression veetor, such as a
plasraid, in proper orientation and correct reading frame for expression. I necessary, the DNA
may be linked to the appropriate transcriptional and translational regulatory control nucleotide
sequences recognized by the desired host {¢.g., bactena), although such controls are generally
available in the cxpression vector. The vector is then introduced into the host bacteria for
clonmng using standard techniques {see, e.g., Sambrook of al. (1989} Molecular Cloning, A
Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y ).

[3099] Expression vectors comprising the isolated polynucleotides, as well as host cells
containing the expression vectors, are also contemplated. The neoantigenic peptides may be
provided i the form of RNA or ¢DNA molecules encoding the desired neoantigenic peptides.
One or more neoantigenic peptides of the invention may be encoded by a single expression
vector,

[66188]  The tern “polynucleotide encoding a polypepiide” encompasses a pelynucleotide
which includes only coding sequences for the polypeptide as well as a polynuclestide which
includes additional coding and/or non-coding sequences. Polynucleotides can be in the form of
RNA or in the form of BDNA. DNA includes cDNA, genomic BNA, and synthetic DNA; and can
be double-stranded or single-stranded, and if single stranded can be the coding strand or non-
coding (anti-scuse} strand.

{G6181] In embodiments, the polynuclestides may comprise the coding sequence for the
turnor specific neoantigenic peptide fused in the same reading frame fo a polynucleotide which
aids, for example, in expression and/or secretion of a polypeptide from a host cell {e.g., a leader
sequence which funchions as a secretory sequence for controlling transport of a polypeptide from
the celi). The polypeptide having a leader sequence is a preprotein and can have the leader
sequence cleaved by the host cell to form the mature form of the polypeptide.

{86182] In embodiments, the polynucleotides can comprise the coding sequence for the tumor
specific neoantigenic peptide fused in the same reading frarac to a marker sequence that allows,

for example, for punification of the encoded polypeptide, which may then be meorporated into
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the personalized neoplasia vaccine or immunogenie composition.  For example, the warker
sequence can be a hexa-histidine tag supplied by a pQE-9 vector to provide for purification of
the mature polypeptide fused to the marker in the case of a bacterial host, or the marker sequence
can be a hemagghutinin (HA) tag derived from the mfluenza hemagghitinin protein when a
mammalian host {c.g., COS-7 celis) 15 used. Additional tags mclude, but are not hmited to,
Calmodulin tags, FLAG tags, Myc tags, S tags, SBP tags, Softag 1, Softag 3, V5 tag, Xpress tag,
isopeptag, SpyTag, Biotin Carboxyl Carrier Protein (BCCP) tags, GST tags, fluorescent protein
tags {c.g., green fluorescent protein tags), maltose binding protein tags, Nus tags, Strep-tag,
thioredoxin tag, TC tag, Ty tag, and the like.

{36163]  In embodiments, the polynucleotides may comprise the coding sequence for one or
more of the tumor specific neoantigenic peptides fused in the same reading frame to create a
single  concatamerized neoantigonic peptide  counstruct capable of producing multiple
necantigenic peptides.

{36184]  In cortain embodiments, tsolated nucleie acid molecules having a nucleotide sequence
at least 60% identical, at least 63% ideuntical, at least 70% wdentical, at least 75% identical, at
lcast 80% identical, at lcast ¥5% identical, at least 90% identical, at icast 95% identical, or at
least 96%, 97%, 98% or 99% identical to a polynucleotide encoding a tumor specific
necantigenic peptide of the present invention, can be provided.

{#6185] By a polynucleotide having a nucleotide sequence at least, for cxample, 95%
“identical” to a reference nucleotide sequence is intended that the nucleotide sequence of the
polynucleotide 1s 1dentical to the refercnce sequence except that the polynucleotide sequence can
inchude up to five point mutations per each 100 nucleotides of the reference nucleotide sequence.
inn other words, to obtain a polynucleotide having a nucleotide sequence at least 95% identical to
a reference nucleotide sequence, up to S% of the vucleotides in the refercuce seguence can be
deleted or substituted with another nucleotide, or a number of nucleotides up o 5% of the total
nucleotides in the reference sequence can be inserted into the reference sequence.  These
mutations of the reference sequence can occur at the amino- or carboxy-terminal positions of the
reference nucleotide sequence or anywhere between those terminal positions, inferspersed either
individually among nucleotides 1o the reference sequence or in one or more Contiguous groups

within the reference sequence.
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{36186]  As a practical matter, whether any particular nucleic acid molecule s at least 80%
identical, at least 85% identical, at least 90% identical, and in some embodiments, at least 95%,
96%, 97%, 98%, or 99% identical to & reference sequence can be determined conventionally
using known computer programs such as the Bestfit program {Wisconsin Sequence Analysis
Package, Version ¥ for Unix, Genetics Computer Group, University Rescarch Park, 575 Science
Drive, Madison, Wi 53711} Bestfit uses the local bomology algorithm of Smith and Waterman,
Advances in Applied Mathematics 2:482-489 (1981), to find the best segment of homology
between two sequences.  When using Bestfit or any other sequence alignment program {o
determine whether a particular sequence s, for instance, 95% identical to a reference sequence
according to the present tavention, the parameters are set such that the percentage of identity is
calculated over the full length of the reference nucleotide sequence and that gaps in homology of
up 1o 5% of the total number of nucleotides i the reference sequence are allowed.

{B0187]  The solated tumor specific necantigenic peptides described herein can be produced
in vitro {¢.g., in the laboratory) by any suitable method known in the art. Such methods range
from direct protein synthetic methods o copstructing a DNA scquence encoding isolated
polypeptide sequences and expressing those sequences in a suitable transtormed host. In some
embodiments, a DNA sequence is constructed using recombinant technology by wsolating or
synthesizing a BNA sequence encoding a wild-type protein of interest. Optionally, the sequence
can be mutagenized by site-specific mutagenesis to provide functional analogs thereof. Scee, e.g.
Zocller et al., Proc. Nat’l. Acad. Sci. USA 81:5662-3066 (1984} and U.S. Pat. No. 4,588,585,
{B0108] In cmbodiments, a DNA scquence encoding a polypeptide of interest would be
constructed by chemical synthesis using an oligonucieotide synthesizer. Such oligonucieotides
can be designed based on the amino acid sequence of the desired polypeptide and selecting those
codons that are favored in the host cell 1o which the recombinant polypeptide of interest is
produced. Standard methods can be applied to synthesize an isplated pelynucicotide sequence
encoding an 1solated polypeptide of mierest. For example, a complete amine acid sequence can
be used to construct a back-translated gene. Further, a DNA oligomer containing a nucleotide
sequence coding for the particular isolated polypeptide can be synthesized. For example, several
small oligonucleotides coding for portions of the destred polypeptide can be synthesized and
then higated.  The mdividual oligomucleotides typically contain 5 or 37 overhangs for

complernentary assembly.
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{36189]  Once assembled (e.g., by synthesis, site~-directed mutagenesis, or another method), the
polynucleotide sequences encoding a particular isolated polypeptide of interest is inserted into an
expression vector and optionally operatively linked to an cxpression control sequence
appropriate for expression of the protein in a desired host. Proper assembly can be confirmed by
nucicotide sequencing, restriction mapping, and expression of g biologically active polypeptide
in a suitable host. As well known in the art, in order to obtain bigh expression levels of a
transfocted gene in a host, the gene can be operatively linked to transcriptional and transiational
expression coutrol sequences that are functioval 1o the chosen expression host.

{#6118] Recombinant expression vectors may be used to amplify and express BNA encoding

o

the tumor spectfic neoantigenic peptides. Recornbinant expression vectors are rephicable DN
constructs which have synthetic or cDNA-derived DNA fragments encoding a tumor specific
neoantigenic peptide or a biocquivalent analog operatively linked to suitable transcriptional or
translational regulatory elements derived froma moammalian, microbial, vival or insect genes. A
transcriptional unit generally comprises an assembly of (1) a genetic element or clernents having
a vegulatory role in gene expression, for example, transcriptional promoters or enhancers, (2) a
structural or coding sequence which is transcribed mmto mRNA and translated into protein, and
{3} appropriate transcription and translation mitiation and terrmnation sequences, as described in
detail herein.  Such regulatory ciements can include an operator sequence to control
transcription. The ability to replicate in a host, usually counferred by an origin of replication, and
a selection gene to facilitate recognition of transformants can additionally be incorporated. DNA
regions are operatively linked when they are functionally related to each other. For example,
[INA for a signal peptide {secretory leader) is operatively linked to DNA for a polypeptide if it is
expressed as a precursor which participates in the secretion of the polypeptide; a promoter is
operatively linked to a coding sequence if it controls the trauscription of the sequence; or a
ribosome binding site is operatively linked to a coding sequence if it is positioned 50 as to permit
translation. Generally, operatively hinked meauns contiguous, and in the case of seeretory leaders,
means contiguous and in reading frame. Structural elements intended for use m yeast expression
systems wnelude a feader sequence cnabling extracellnlar secretion of translated protein by a host
cell.  Alternatively, where recombinant protein is expressed without a leader or transport
sequence, it can include an N-terminal mothionine residue.  This residue can optionally be

subsequently cleaved from the expressed recormabinant protein fo provide a final product.
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{B0111]  Usehd expression vectors for cukaryotic hosts, especially manumals or hamans
include, for example, vectors comprising cxpression control sequences from SV4(, bovine
papilloraa virus, adenovirus and cytomegalovirus. Useful expression vectors for bacterial hosts
inchide known bacterial plasmids, such as plasmids from Escherichia coli, inchuding pCR 1,
pBR322, pMB9 and their derivatives, wider host range plasmuds, such as M13 and filamentous
single-stranded DNA phages.

{80112}  Suitable host cells for expression of a polypeptide include prokaryetes, veast, insect
or higher cukaryotic cells under the control of appropriate promoters. Prokaryotes include gram
negative or gram positive organisms, for example E. coli or bacilli. Higher eukaryotic celis
include established cell lines of mammalian origin, Cell-free translation systems could also be
employed. Appropriate cloning and expression vectors for use with bacterial, fungal, yveast, and
marmmalian cellular hosts are well known in the art (sce Pouwels ¢t al, Cloning Vectors: A
Laboratory Manual, Elsevier, N.Y., 1985).

{B0113] Various mammalian or insect cell culture systems are also advantageously employed
to oxpress recombinant protein.  Expression of recombinant proteins in mamalian cells can be
performed because such proteins are generally correctly folded, appropriately modified and
completely functional. Examples of suitable maromalian host cell lines include the COS-7 lines
of monkey kidney cells, described by Gluzman (Cell 23:175, 1981), and other cell lines capable
of cxpressing an appropriate vector mnchuding, for example, L cells, C127, 373, Chinese harmster
ovary {CH{}, 293, Hela and BHK cell lines. Mammalian expression vectors can comprise
nontranscribed elements such as an origin of replication, a suitabic promoter and enhancer linked
to the gene to be expressed, and other 57 or 37 flanking nontranscribed sequences, and 537 or 37
nontransiated sequences, such as necessary ribosome binding sites, a polyadenylation site, splice
donor and acceptor sites, and frauscriptioval termunation sequences.  Baculovirus systems for
production of heterologous proteins in insect cells are reviewed by Luckow and Summers,
Bio/Technology 6:47 (1988},

{#3114] The proteins produced by a transformed host can be purified according to any suitable
rcthod. Such standard rocthods mchude chromatography (c.g., ion exchange, atfinity and sizing
column chromatography, and the hke), centrifugation, differential solubility, or by any other
standard technique for profein purification. Affinaty tags such as hexahistidine, maltose binding

domain, influenza coat sequence, ghutathione-S-transterase, and the like can be attached to the
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protein to allow casy purification by passage over an appropriate affinity column.  Isolated
proteins can also be physically characterized using such technigues as proteolysis, nuclear
magnetic resonance and x-ray crystallography.

{BG115] For example, supernatants from systems which secrete recombinant protein into
culture rucdia can be first concentrated using a coramercially available protein concentration
filter, for example, an Amicon or Millipore Pellicon ultrafiltration unit.  Following the
concentration step, the concentrate can be applied to a suitable purification matrix.
Alternatively, an anion exchange restn can be employed, for cxample, a wairix or substrate
having pendant dicthylaminoethyl (BEAE} groups. The matrices can be acrylamide, agarose,
dextran, cellulose or other types commonly employed in protein purification.  Alternatively, a
cation exchange step can be cruployed. Suitable cation exchangers include various insoluble
matrices comprising sulfopropyl or carboxymethyt groups. Finally, one or more reversed-phase
high performance Hquid chromatography (RP-HPLC) steps employing hydrophobic RP-HPLC
media, ¢.¢., stlica gel having pendant macthyl or other aliphatic groups, can be employved to
further punity a cancer stem cell protein-Fo composition.  Some or all of the foregoing
purification steps, In various combinations, can also be cmployed to provide a homogeneous
recombinant protein,

{#3116] Recombinant protein produced in bacterial culture can be isolated, for example, by
initial extraction frorn cell pellets, followed by one or more concentration, salting-out, aguecus
ion exchange or size exclhusion chromatography steps. High performance liquid chromatography
{(HPLC) can be employed for final purification steps. Microbial cells eraployed in expression of
a recombinant protein can be disrupted by any convenient wethod, inchuding freeze-thaw

cycling, sonication, mechanical disruption, or use of cell lysing agents.
in Vive Peptide/Polypeptide Synthesis

[B6117]  The present wnvention also contemplates the use of nucleic acid molecules as vehicles
for delivering neoantigenic peptides/polypeptides to the subject in need thereof, in vivo, in the
form of, c.g., DNA/RNA vaccines {sce, ¢.g., WO2012/159643, and WOR2012/159754, hereby
incorporated by reference in their entirety).

{B0118] In onc cmbodiment necantigens may be administered to a patient in need thereof by

use of a plasroid. These are plasmids which usually consist of a strong viral promoter o drive
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the in vivo transcription and frauslation of the gene {or complernentary DNA) of juterest (Mo, et
al,, {1995}, The Journal of Immunology 155 (4): 2039-2046). Intron A may sometimes be
included to improve mRNA stability and hence mercase protemn expression (Letiner et al
{1997} The Journal of Immunology 159 (12} 6112-6119). Plasmids also include a strong
polvadenylation/transcriptional tormination signal, such as bovine growth hormone or rabbit

beta~-globulin polyadenylation sequences (Alarcon et al,,

A

{1999). Adv. Parasitol. Advances in
Parasitology 42: 343-41¢; Robinson ¢t al,, (2000). Adv. Virus Res. Advances in Virus Research
35: 1-74; Bohmet al, (1996). Jourmnal of Immunological Methods 193 (Iy 29-40.).
Multicistronic vectors are sometimes constructed to express more than one imununogen, of o
express an immunogen and an immunostimulatory protein {(Lewis of al, (1999). Advances wn
Viras Research (Academic Press) 54: 129-88).

{B0119]  Because the plasmud s the “vehicle” from which the iromunogen 15 expressed,
optimising vector design for maximal protein expression is cssential (Lewis et al, (1999).
Advances in Virus Rescarch {(Academmc Press) 54: 129-88). One way of cnhancing protein
expression is by optimising the codon usage of pathogenic aRNAs for cukaryotic cells. Avother
consideration is the choice of promoter. Such promoters may be the SV4Q promoter or Roug
Sarcoma Viras (RSV).

{G3128] Plasmids may be introduced into animal tissues by a number of different methods.
The two most popular approaches are injection of DNA in saline, using a standard hypodermic
needle, and gene gun delivery. A schematic outline of the construction of a2 DNA vaccine
plasmid and its subsequent delivery by these two methods into @ host 15 iHustrated at Scientific
American (Weiner et al, {1999} Scientific American 281 {1} 34-41}). Injection in saline is
normally conducted mtranuscularly (IM) in skeletal muscle, or intradermally (1D}, with DBNA
bewng delivered to the extracellular spaces. This can be assisted by electroporation by teraporarily
damaging muscle fibres with myotoxins such as bupivacaine; or by using hypertonic solutions of
saline or sucrose (Alarcon et al, (1999). Adv. Parasitol, Advances in Parasitology 42: 343-410).
Immune responses to this method of delivery can be affected by many factors, including needle
type, needle alignment, speed of injection, volume of injection, muscle type, and age, sex and
physiological condition of the animal being injected{Alarcon et al., {1999). Adv. Parasitol.

Advances in Parasttology 42: 343410},
D A
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{86121] Gene gun dehvery, the other commonly used method of delivery, balhstically
accelerates plasmid DNA (pDNA) that has been adsorbed onte gold or tungsten microparticles
into the target cells, using compressed helivm as an accelerant {Alarcon ot al, {(1999). Adv.
Parasitol. Advances in Parasitology 42: 343-4180; Lewis et al, (1999). Advances in Virus
Research {Academic Press) 54; 129-88),

801221  Alternative delivery methods may include acrosol instiliation of naked BNA on
mucosal surfaces, such as the nasal and hung mucosa, (Lewis ot al., (1999}, Advances in Virus
Rescarch (Academic Press) 54: 129-88) and topical admmnistration of pDNA to the cye and
vaginal mucosa (Lewis et al,, {1999} Advances in Virus Research {Academic Press) 54: 129-88).
Mucosal surface delivery has also been achicved using cationic hiposome-DNA preparations,
biodegradable microspheres, attenuated Shigella or Listeria vectors for oral administration to the
intestinal mucosa, and recombinant adenovirus vectors.

{B8123] The method of delivery determines the dose of DNA required to raise an effective
immune response.  Saline imjections require variable amounts of DNA, from 10 pg-l mg,
whereas gene gun deliveries regoire 100 to 1000 times less DNA than wtramuscular saline
injection to raise an effective immune response. Generally, 0.2 pg — 20 g are required, although
quantitics as low as 16 ng have been reported. These quantities vary frora species o species
with mice, for cxample, requiring approximately 10 times less DNA than primates.  Saline
imjections require maore DNA because the DNA 15 delivered to the extracellular spaces of the
target tissue (normally muscle}, where it has to overcome physical barriers (such as the basal
iaroing and large amounts of connective tissue, to mention & few) before it 1s taken up by the

cells, while gene gun deliveries bombard DINA directly into the cells, resulting in less “‘wastage”
{Sec ¢.g., Sedegah et al., (1994). Proceedings of the National Academy of Sciences of the United
States of America 91 (21): 9866-9870; Daheshiact al., (1997}, The Journal of Inmunelogy 159
(4): 1945-1952; Chen et al., (1998). The Journal of Immunology 160 {5y 2425-2432; Sizemore
{1995} Science 270 (5234 299-302; Fynan et al., (1993) Proc. Natl. Acad. Sci. UK AL 90 (24):
13147882}

{#6124] In onc cmbodiment, a neoplasia vaccine or irrunogenic composition may include
separate DNA plasmids encoding, for example, one or more neoantigenic peptides/polypeptides
as wdentified in according to the invention. As discussed herein, the exact choice of expression

vectors can depend upon the peptide/polypeptides to be expressed, and 1s well within the skill of
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the ordinary artisan. The expected persistence of the DNA constructs {e.g., 1o an episomal, non-
replicating, non-integrated form in the muscle cells) is expected to provide an increased duration
of protection,

{B3125]  One or more neoantigenic peptides of the invention may be encoded and expressed in

vive using a viral based system {e.g., an adenovirus system, an adeno associated virus {AAV)

composition may include a viral based vector for use in a human patient in need thercof, such as,
for example, av adenovirus (see, ¢.g., Baden et al. First~in-human evaluation of the safety and
immunogenicity of a recombinant adenovirns serotype 26 HIV-1 Env vaccine (IPCAVD 001). §
fafect Drs. 2013 Jan 15;207(2):240-7, hereby incorporated by refercnce in its entirety). Plasmids
that can be used for adeno assoctated virus, adenovirus, and lentivirus delivery have been
described previously (sce e.g., U.S. Patent Nos. 6,935,808 and 6,943,019, and U.S. Patent
application No. 20080254008, hereby incorporated by reference).

{60126] Among vectors that may be used in the practice of the mmvention, integration in the
host genome of a cell s possible with retrovirus gene transter methods, often resulting n long
term expression of the inserted transgene. In a preferred cmbodiment the retrovirus 18 a
lentivirus., Additionally, high transduction efficiencies have been observed in many different cell
types and target tissues. The tropisim of a retrovirus can be altered by incorporating foreign
cuvelope proteins, expanding the potential target population of target colls. A retrovirus can also
be engineered to allow for conditional expression of the inserted transgene, such that only certain
cell types are infected by the lentivirus. Cell type specific promeoters can be used to target
expression in specific cell types.  Lentiviral vectors are retroviral vectors {(and hence both
ientiviral and retroviral vectors may be used in the practice of the invention). Morcover,
lentivival vectors are preferred as they are able to transdoce or infect non-dividing cells and
typically produce high viral titers. Selection of a retroviral gene transfer system may therefore
depend on the target tissue. Retfroviral vectors are comprised of cis-acting loug terminal repeats
with packaging capacity for up to 6-10 kb of foreign sequence. The minimum cis-acting LTRs
arc sufficient for replication and packaging of the vectors, which are then used to mtegrate the
desired nucleic acid into the target cell to provide permanent expression. Widely used retroviral
vectors that may be used in the practice of the invention include those based upon murmne

leukerma virus (MullV), gibbon ape leukemia viras {(GallV), Simian Imwmuvo deficiency virus
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{81V}, human frorouno deficiency virus {HIV), and combinations thereof (see, e.g., Buchscher et
al., (1992} | Virel. 66:2731-2739; Johann et al,, (1992} 1. Virol. 66:1635-1640; Sommnertelt ¢t
al., {1990} Virol, 176:58-59; Wilson et al, (1998) 1. Virol. 63:2374-2378; Miller et al., (1991} 1.
Virpl, 65:2220-2224; PCT/US94/05700). Zou ot al. administered about 10 ul of a recombinant
lentivirus having a titer of 1 x 10” transducing units (TUYml by an intrathecal catheter. These
sort of dosages can be adapted or extrapolated to use of a retroviral or lentiviral vector in the
present invention.

[B6127]  Also useful in the practice of the invention s a nenimal nou-privaate lentivival vector,
such as a lentiviral vector based on the cquine infectious anemia virus {EIAV) (sce, c.g.,
Balagaan, (2006) J Gene Med; R: 275 — 285, Published online 21 Novernber 2005 in Wiley
InterScience {(www.interscience.wiley.com). DO 18.1002/1gm.845).  The vectors may have
cytomegalovirus (CMV) promoter driving expression of the target gene.  Accordingly, the
invention conteruplates amongst vector{s} useful in the practice of the invention: viral vectors,
including retroviral vectors and lentiviral vectors.

{B6128]  Also useful in the practice of the tuvention 15 an adenovirus vector. One advantage 8
the ability of recombinant adenoviruses to efficiently transfer and express recombinant genes in a
variety of maromalian cells and fissues in vitro and in vive, resalting 1o the high expression of
the transferred nucleic acids. Further, the ability to productively infect quicscent cells, expands
the utility of recombinant adenoviral vectors. In addition, high expression levels ensure that the
products of the nucleic acids will be expressed to sufficient levels to generate an fmmune

¢., U.S. Patent No. 7,029,848, hereby incorporated by reference).

&

response {see e
{68128]  In an embodiment herein the delivery is via an adenoviras, which may be at a single
booster dose containing at least 1 x 107 particles (also referred to as particle units, pu) of
adenoviral vector. Tn an erobodiment herein, the dose preferably is at least about 1 x 10 particles
{for cxample, about 1 x 10°1 x 10" particles), more preferably at least about 1 x 107 particles,
more preferably at least about 1 x 10° particles {e.g., about 1 x 10°%-1 x 10'! particies or about 1 %
1651 x 10" particles), and most preferably at least about 1 x 107 particles (e.g., about 1 x 1071 %
10'% particles or about | x 10”1 x 10" particles), or even at least about 1 x 10" particles {e.g.,
about 1 x 10'%-1 x 10" particles) of the adenoviral vector. Alternatively, the dose comprises no
more than about 1 x 10" particles, preferably no more than sbout 1 x 10Y particles, even more

- ; ; Y12 .
preferably no more than about 1 x 1077 particles, even more preferably no more than about 1 x
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10" particles, and most preferably no more than about 1 x 10" particies (e.g., no more than
about 1 x 107 articles). Thus, the dose may contain a single dose of adenoviral vector with, for
example, about 1 x 10° particle units (pu), about 2 x 10° pu, about 4 x 10° py, about 1 x 107 pu,
about 2 x 107 pu, about 4 x 107 pu, about 1 x 10° pu, about 2 x 10° pu, about 4 x 10° pu, about 1 x
10° pu, about 2 x 10° pu, about 4 x 10" pu, about | x 10" pu, about 2 x 10" py, about 4 x 10"
pu, about 1 x 10 pu, about 2 x 10" pu, about 4 x 10" pu, about 1 x 10" pu, about 2 x 10" pu,
or about 4 x 10" pu of adenoviral vector. Sce, for cxample, the adenoviral vectors in U.S. Patent
No. 8,454,972 B2 to Nabel, ot al., granted on June 4, 2013; incorporated by reference heren,
and the dosages at col 29, lines 36-58 thereof. In an embodiment herein, the adenovirus is
delivered via voultiple doses.

{B0138] In terms of in vive delivery, AAV is advantageous over other viral vectors due to low
toxicity and low probability of causing insertional mutagenesis because it doesn’t integrate mto
the host genome. AAYV has a packaging Hmit of 4.5 or 4.75 Kb, Coustructs larger than 4.5 or
4.75 Kb result in significantly reduced virus production. There are many promoters that can be
used to drive nucleic acid molecule expression. AAYV ITR can serve as a promoter and is
advantageous for climinating the need for an additional promoter clement. For ubiquitons
expression, the following promoters can be used: CMV, CAG, CBh, PGK, SV40, Ferritin heavy
or light chains, etc. For brain expression, the following promoters can be used: Synapsind for all
neurons, CaMKlilalpha for excitatory neurons, GADG7 or GADGS or VGAT for GABAergic
neurons, cte. Promoters used to drive RNA synthesis can include: Pol Ui prowmoters such as Ub
or HI. The usc of a Pol I promoter and intronic cassettes can be used to cxpress guide RNA
{gRNA}.

{G0131] Asto AAY, the AAV can be AAVE, AAV2, AAVS or any combination thereof. One
can sclect the AAYV with regard to the cells to be targeted; ¢.g., one can select AAV serotypes 1,
2, 5 or a hybrid capsid AAV1, AAVZ, AAVS or any combination thereof for targeting brain or
newronal cells; and one can select AAV4 for targeting cardiac tissue. AAVE 15 useful for delivery
to the liver. The above promoters and vectors are preferred individually.

{#6132] In an cmbodiment herein, the delivery is via an AAV. A therapeutically cffective
dosage for in vivo delivery of the AAV to a human s believed to be in the range of from about
20 to about 50 ml of saline solution containing from about | x 10" to about 1 x 10™ functional

AAV/ml solution. The dosage may be adjusted to balance the therapeutic benefit against any side

~3
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effects. In an embodiment herein, the AAV dose s generally in the range of concentrations of
from about 1 x 10° to 1 x 10° genomes AAY, from about | x 10% 0 1 x 107 genomes AAY,
from about 1 x 10'% to about 1 x 10 genoracs, or about | x 10" 1o about 1 x 10" genomes
AAV. A human dosage may be about 1 x 107 genomes AAV. Such concenirations may be
delivered in from about 0.001 ml to about 180 mli, about 0.05 to about 50 ml, or about 10 to
about 25 mi of a carrier sohition. In a preferred embodiment, AAV s used with a titer of about 2
x 10" viral genomes/milliliter, and each of the striatal hemispheres of a mouse receives one 500
nanoliter injection. Other cffective dosages can be readily established by one of ovdinary skill in
the art through routine trials cstablishing dose response curves. See, for example, U.S. Patent No.
8,404,658 B2 to Hayar, of al,, granted on March 26, 2013, at col. 27, hines 45-60.

{86133] In another embodiment effectively activating a cellular immune response for a
neoplasia vaccine or mrnunogenic composition can be achicved by coxpressing the relovant
necantigens In a vaccine of Ummunogenic composition in a non-pathogenic microorganism.
Well-known exarmples of such microorganisms are Mycobacteriurg bovis BCG, SalmoneHa and
Pseudomona (See, U.S. Patent No. 6,991,797, hereby incorporated by reference wn its entivety).
{80134} In another embodiment a Poxvirus is used in the neoplasia vaccine or immunogenic
composition.  These nclade orthopoxvirns, avipox, vaccinia, MVA, NYVAC, canarypox,
ALVAC, fowlpox, TROVAC, etc. (sce e.g., Verardiet al, Hum Vaccin Immunother. 2012
JulB(7y:961-70; and Moss, Vaccine. 2013; 31(39) 4220-4222). Poxvirus expression vectors
were described 1n 1982 and quickly became widely used for vaccine development as well as
rescarch 1n mumerous ficlds. Advantages of the vectors mclude simple construction, ability to
accommodate large amounts of foreign DNA and bigh expression levels.

(#0135} In another embeodiment the vaccmia virus s used in the neoplasia vaccine or
INMunogentc composition to express a ncoantigen. {(Rolph ot al, Recombinant virnses as
vaccines and immunological tools. Curr Opin Immunol :517-524, 1997}, The recombinant
vaccinia virus is able to replicate within the cvioplasm of the mfected host cell and the
polypeptide of interest can therefore induce an immune response. Moreover, Poxviruses have
been widely used as vaceine or fmmunogenic composition vectors because of their ability to
target encoded antigens for processing by the major bistocompatibility complex class 1 pathway
by directly infecting iramune cells, in particular antigen-presenting cells, but also due to their

ability to self-adpuvant.
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{30136] In another embodiment ALVAC 15 used as a vector in a neoplasia vaceine or
immunogenic composition. ALVAC is a canarypox virus that can be modified to express
foreign transgences and has been used as a method for vaccination against both prokaryotic and
eukaryotic antigens (Horig H, Lee DS, Conkright W, et al. Phase  clinical trial of a recombinant
canarypoxvirus {ALVAC) vaccine expressing human carcinoembryonic antigen and the B7.1 co-
stimilatory molecule. Cancer Immunol Immunother 2000:49:504-14; von Mehren M, Arlen P,
Tsang KY, ¢t al. Pilot study of a dual gene recombinant avipox vaccine containing both
carcinoembryonic antigen {(CHA)Y and B7.1 transgenes fu paticuts with recarrent CEA-expressing
adenocarcinomas. Clin Cancer Res 2000;6:2219-28; Musey L, Ding Y, Elizaga M, et al. HIV-1
vaceination admunistered indramuscularly can induce both systeroic and mucosal T cell rorounity
in HIV-T-uminfected individuals. J ol 2003;171:1094-101; Paoletti E. Applications of pox
virus vectors to vaccination: an update. Proc Natl Acad Sci U S A 1996;93:11349-533; US,
Patent No. 7,255,862}, In a phase { chinical trial, an ALVAC virus expressing the tumor antigen
CEA showed an excellent safety profile and resulted in increased CEA-specific T-cell responses
in selected patients; objective chivical responses, however, were not observed (Marshall JL,
Hawkins MJ, Tsang KY, et al. Phasc 1 study in cancer patients of a replication~defective avipox
recombinant  vaccine that  cxpresses human  carcivocrobryonic antigen. J Clin Oncol
1999:17:332-7).

{B6137]  In another crobodiment 8 Modified Vaccinia Ankara (MVA) virus may be used as a
viral vector for a peoantigen vaccine or immunogenic composition. MVA is a member of the
Orthopoxvirus faraily and has been gencrated by about 570 scrial passages on chicken embryo
fibroblasts of the Ankara strain of Vaccinia virus {CVA) {for review sec Mayr, A, et al.,
infection 3, 6-14, 1975} As a consequence of these passages, the resulting MVA virus contains
31 kilobases less genomie imformation compared to CVA, and 18 highly host-cell restricted
{(Meyer, H. et al,, J. Gen. Virel. 72, 1031-1038, 1991). MVA is characterized by its extrome
attenuation, namely, by a dininished viruleoce or infectious abiity, but still holds an excelient
immunogenicity. When tested in a variety of animal models, MVA was proven to be avirulent,
even in immuno-suppressed individuals. Morcover, MVA-BN®-HERZ2 is a candidate
immunotherapy designed for the treatment of HER-Z-positive breast cancer and s cwrrently in

chinical trials. (Mandl et al., Cancer Immunol frorounother, Jan 20125 61(1); 19-29). Methods to
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make and use recorabinant MVA has been described {e.g., see U.S. Patent Nos. §,309,09% and
5,185,146 hereby incorporated in its ontirety).

{B0138] In another crobodimaent the modified Copenhagen strain of vaccinia virns, NYVAC
and NYVAC variations are used as a vector {see U.S. Patent No. 7,255,862; PCT W 95/3001K,;
U8, Pat. Nos. 5,364,773 and 5,494,807, hereby incorporated by reference in its entirety).

{80139  In one cmbodiment recombinant viral particles of the vaccine or immunogenic
composition are administered to patients in need thereof. Dosages of expressed neoantigen can
range from a fow fo a fow hundred micrograms, c.g., 5 to S00 wug The vaccine or
immunogenic composition can be administered in any suitable amount to achieve expression at
these dosage levels. The viral particles can be adwinistered to a patient i need thereof or
transfected into cells in an amount of about at least 107 pfu; thus, the viral particles are
preferably administered to a patient in need thercof or infected or transfected into cells in at least
about 10° pfu to about 10° pfu; however, a patient in need thercof can be administered at least
about 10° pfu such that g more preforred amount for administration can be at least about 107 pfu
to about 107 pfu. Doses as to NYVAC are applicable as to ALVAC, MVA, MVA-BN, and

avipoxes, such as canarypox and fowlpox.
Vaccine or Immunogenic Composition Adjuvant

{60148] Effective vaccine or imnunogenic compositions advantageously include a strong
adjuvant to initiate an immune response. As described herein, poly-ICLC, an agonist of TLR3
and the RNA helicase —domains of MDAS and RIG3, has shown scveral desirable properties for
a vaccine or immunogenic compaosition adjuvant. These properties inchide the induction of local
and systemic activation of immune cells in vive, production of stimulatory chemokines and
cytolanes, and stimaulation of anfigen-presentation by DCs. Furthermore, poly-ICLC can induce
durable CD4+ and CDS+ responses in humans.  Importantly, siriking similarities in the
upregulation of transcriptional and signal trausduction pathways were seen in subjects vaccinated
with poly-ICLC and in volunteers who had received the highly effective, replication-competent
yvellow fever vaccine, Furthermore, >90% of ovarian carcinoma patients immunized with poly-
ICLC in combination with a NY-ESO-1 peptide vaccine (in addition to Montanide) showed
induction of CD4+ and CD8+ T cell, as well as antibody responses to the peptide in & recont

phase 1 study. At the saroe time, poly-ICLC bas been extensively tested in voore than 25 clinical
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trials to date and exhibited a relatively benign toxieity profile. In addition to a powerful and
specific immunogen the neoantigen peptides may be combined with an adjuvant {c.g., poly-
ICLC) or another anti-neoplastic agent. Without being bound by theory, these neoantigens are
expected to bypass central thymic tolerance (thus allowing stronger anti~tumor T cell response),
while reducing the potential for avtoimmunity {e.g., by avoiding targeting of normal sclf-
antigens). An effective immmime response advantageously meludes a strong adjovant to activate
the immune system (Speiser and Romero, Molecularly defined vaccines for cancer
imrvunotherapy, and protective T cell tmumunity Seronars w bnmunol 22:144 (20103, For
example, Toll-like receptors (TLERs) have emerged as powerful sensors of microbial and viral
pathogen “danger sigoals”, effectively wducing the innate tmyoune system, and W turn, the
adaptive immune system (Bhardwaj and Onjatic, TLR AGONISTS: Are They Good Adjuvants?
Cancer J. 16:382-391 (2010}, Among the TLR agonists, poly-ICLC {(a synthetic double-
stranded RNA mimic) is one of the most potent activators of myeloid-derived dendritic cells. In
a hurnan volunteer study, poly-ICLC has been shown to be safe and to induce a gene expression
profile in peripheral blood cells comparable to that induced by one of the wost potent hive
attenuated viral vaccines, the yellow fover vaccine YF-17D (Caskey ot al, Synthetic double-
stranded RNA induces mnate wmmune respouses stmnilar to a hive viral vaceine i humans J Exp
Med 208:2357 (2011)). In a preferred embodiment Hiltonol®, a GMP preparation of poly-ICLC
prepared by Oncovir, Inc, 18 utilized as the adjuvant. o other embodiments, other adjuvants
described herein are envisioned. For mstance oil-in-water, water-in~-otl or multiphasic W/Q/W,
see, e.g., US 7,608,279 and Aucouturier ¢t al, Vaccine 19 (2001}, 2666-2672, and documents

cited therein.
Checkpoint Inhibitors

{80141] The prosent invention features methods of treating or preventing a neoplasia
comprising the steps of advoimstering fo a subject a ncoplasia vaccine or ummunogenic
compaosition, as described herein, and at least one checkpoint inhibitor. Accordingly, 1, 2, 3, 4,
S, or more checkpoint inhibitors may be administered. In cortain exemplary embodiments, one
checkpoint inhibitor is administered. In other exeraplary embodiments, 2 checkpoint inhibitors

are administered.
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{30142]  Page et al. {Anno. Rev. Med. 2014.65) summarizes published tnals investigating
checkpoint modulators in solid tumors. Mullard, A, {Nature Reviews, Drug Discovery. Vol. 12,
July 2013) provides a review of checkpoint inhibitors. A summary table of cxemplary

checkpoint inhibitors is provided herein.

Anti=P

ehdnois

Selidtumpurs

Selidwimaus }

Anti-{UTLA4 antibodies

Fab

{#3143] Cytotoxic T-lymphocyte-associated antigen (CTLA-4), alse known as CRM32, is a

co-inhibitory molecule that functions to regulate T-cell activation.

{86144] CTLA4 was initially identified as vegative regulator on the surface of T-cells that was
upregulated shortly after initiation of a de novo immune response or stimmulation of an existing
response in order to dampen the subsequent immune T-cell response and prevent auto-immunity
or uncontrolled inflammation. Thus, the magnitude of the developing immune response has been
closely tied to CTLA4 action. I certain embodiments, the anti-CTLA4 antibody 1s Ipilurournab
or Tremelimumab.

{60145]  Checkpownt whibiiors function by modulating the iromune system’s endogenous
mechanisms of T cell regulation. Ipthmumab (YERVOY, Bristol-Mevers Squibb, New York,
NY)- 18 a monoclonal antibody and is the first such checkpoint inhibitor to be approved by the
US Food and Drug Adminisiration (FDA)- has become standard treatment for metastatic
melanoma {(Hodi of al, N, Engl J. Med. 363:711-23. 2010; Robert ot al,, N. Engl. §. Med.
364:2517-26. 2011, Ipilimumab binds aund blocks mhibitory signaling mediated by the T cell
surface co-inhibitory molecule cytotoxic T lymphocyte antigen 4 (CTLA-4). Because the

roechanism of action is not specific o one turoor type, and because a wealth of preclinical data
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supports the role of tomor imvoune surveitlance across wultiple maliguancies (Andre et al., Clin.
Cancer Res. 19:28-33. 2013; May et al. Clin. Cancer Res 17:5233-38. 2011), Ipilumumab is
being investigated as a treatment for patients with prostate, lung, renal, and breast cancer, amaong
other tumor types. Iptlimumab works by activating the immune system by targeting CTLA-4,
{#0146]  Another CTLA-4-blocking antibody, Tremelimumab, continues to be investigated in
clinical trials and has also demonstrated durable respouses in paticnts with melanoma Kirkwood
et al,, Clin. Cancer Res. 16:1042-48. 2010; Ribas et al. J. Clin. Oncol. 31:616-22, 2613},

[60147]  Accordingly, the present wmnvention features in exemplary cmbodiments, novel
combinations of a neoplasia vaceine or immunogenic composition and one or more anti-CTLA4
antibodies. The mvention also features 1o other exeraplary ermbodiments, novel combinations of
a neoplasia vaccine or immunogenic composition, Iptlimumab and/or Nivolumab aund oune or

more anti-CTLA4 antibodies.
Inhibitors of programmed cell death-1 pathway

{30148] Whereas CTLA-4 serves o regulate carly T cell activation, Programroed Death-1
(PE-1) signaling functions in part to regulate T cell activation in peripheral tissucs. The PB-1
receptor refers to an immunombibifory recepior belonging to the CD2Z8 family, PD-1 is
expressed on a number of cell types including T regs, activated B cells, and natural killer (NK}
cells, and is expressed predorminantly on previously activated T cells in vive, and binds to two
ligands, PI-L1 and PD-L2. PDUs endogenouns ligands, PB-L1 and PD-L2, are expressed in
activated framune celis as well as nonhematopoietic cells, including turor cells. PD-1 as used
herein is meant to  include human PD-1 (hPD-1), variants, isoforms, and species homologs of
HPD-1, and analogs having at least one common cpitope with hPD-1. The complete hPD-I
sequence can be found under GENBANK. Accession No. U64863. Prograramed Death Ligand-1
(PD-L17 is one of two cell surface glycoprotein ligands for PD-1 (the other being PD-L2} that
downregulate T cell activation and cytokine secretion upon binding to PD-1. PD-L1 as used
herein includes human PD-L1 (hPD-L1}, variants, isoforms, and species homologs of hPD-L1,
and analogs having at least one common epitope with hPD-L1. The coraplete hPD-L1 sequence
can be found under GENBANK Accession No. Q9NZQ7. Tumors have been demonsirated to
gscape immune surveillance by expressing PD-LI/L2, thereby suppressing tumor-infiltrating

fymphocyies via PD-1/PD-L1,2 interactions {Bong ot all Nat, Med. 8:793-800. 2002}, Inhibition
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of these wieractions with therapeuatic antibodies has been shown to enhavnce T cell response and
stinmulate antitumor activity {(Freeman ot al. J. Exp. Med. 192:1027-34.2000).

{881498] The Abs of the invention include, but are not limited to, all of the anti-PD-1 and anti-
PD-L1 Abs disclosed in UK. Pat. Nos. 8,008,449 and 7,943,743, respectively. Other anti-PD-1
mAbs have been described in, for example, US. Pat. Nos, 7.48K,802 and 8,168,757, and anti-
PIx-L1 mAbs have been described in, for example, U.S. Pat. Nos. 7,635,757 and 8,217,149, and
U.S. Publication No. 2009/6317368. US. Pat. No. &,008,449 cxemplifies seven anti-PD-1
HuMAbs: 1708, 2D3, 4H1, 5C4 {(also reforred o herein as nivolumab or BMS-936558), 4A11,
703 and 5F4.

{B015¢] In some embodiments, the anti-PDB-1 antibody is nivolurnab, Alternative narmes for
Nivolumab include MBX- 1 106, MDX-1 106-04, ONO-4538, BMS-836358. In some
embodiments, the anti-PD- 1 antibody 1s Nivolumab {CAS Registry Number: 946414-94-4).
{B8ISE]  Nivolumab is a folly human 1G4 blocking monoclonal antibody against PIx-1
{Topahiam of al, N. Engl. J. Med. 366:2443-54. 2012). Nivolumab specifically blocks PD-1,
which can overcome imwuune resistance. The hgands {for PD-1 have been identified as PD-L1
(B7-H1}, which is expressed on all hemopoictic cells and many nonhemopoietic tissues, and PD-
L2 (B7-DC), whose cxpression 18 restricted priveardy to dendritic cells and wacrophages (Dong,
H. et al. 1999, Nat. Med. 5:1365; Freeman, G. Feot al, 2000, J. Exp. Med. 192:1027; Latchman,
Y. et al. 2001, Nat, Immunol. 2:261; Tseng, S. Y. et al. 2001, J. Exp. Med. 193:839). PD-L1 &
overexpressed in many cancers and is often associated with poor prognosis (Okazakt T et al,
Intern. Imunun. 2007 IH73813) (Thompson RH et al, Cancer Res 2006, 66(7)3381).
Interestingly, the majority of tumor infiltrating T Iymphocytes predominantly express PB-1 | in
contrast to T lymphocytes in normal tissues and peripheral blood T lymphocytes indicating that
up-regulation of PD- 1 on tumor-reactive T cells can contribute to impaired antifursor froroune
responses (Blood 2000 1 14(8) 1337}, Specifically, since tumor cells express PD-L1, an
immunosuppressive PB-1 higand, inhibition of the interaction between PD-1 and PD-LI can
enhance T-cell responses in vitro and mediate preclinical antitumor activity.

{B6152] A number of clinucal trials (Phase I I and HI) mvolving Nivolumab have been
conducted or are on~going {see clintcaltrials gov/ct2/resultsMerm=nivolumab&pg=1, accessed on
December 20, 2013}, For exaraple, in a phase T dose escalation trial, mvolumab was safe, and

objective responses were 16-31% across tamor types, with most responses being durable for >1
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vear {Topaliam et al,, Presented at Avnu. Mect, Am. Soc. Clin. Oncol,, Chicagoe, May 31-Junc 4.
2013). In another study, the safety and clinical activity of nivolumab (anti-PD-1, BMS-9363558,
ONO-4538) m combination with iptlimumab in patients with advanced melanoma was
investigated {(Wolchok, J Clin Oncol 31, 2013 (suppl; abstr 9012 2013 ASCO Annual Mecting).
{B6153] Two anti-PD-L1 inhibitory antibodics, MPDL3280A (Genentech, South San
Francisco, CA) and BMS-336559 (Brstol Meyers Squibb, New York, NY), have undergone
clinical investigation. Like nivolumab and MK.-3473, these antibodies are thought to function
principally by blocking PD-1/PD-L1T signaling. Unlike PD-1 antibodies, PD-L1 antibodies spare
potential interactions between PD-L2 and P-1, but additionally block interactions between PD-
L1 and CDEO (Park et al, 2010, Blood 116:1291-98). MPDL3280A has been evaloated
muitipie tumor types, with safety and preliminary efficacy identified in melanoma; renal cell
carcinorna; non—small cell lung carcinoma (NSCLC) and colorectal, gastric, and head/neck
squamous cell carcinoma {(Herbst et al. resented at Annu. Meet. Am. Soc. Clin. Oncol., Chicago,
May 31-June 4. 2013 ). Similarly, BMS-936559 was shown to be safe and clinically active
across multipic tumor types in a phase T irial. MEDI-4736 1 another PD-Li-blocking antibody
currently in clinical development (NCTO1693562).

[B0154]  Ion addition to CTLA-4 and PD-1/PD-L1, numerous other iramunomodulatory targets
have been identified preclinically, many with corresponding therapeutic antibodies that are being
investigated in clinical trials. Page et al. (Annu. Rev. Med. 2014.65) details targets of antibody
immune modulators in Figure 1, incorporated by reference heretn.

{B0155] The present mvention features m oxemplary aspects, novel combinations of a
neoplasia vaceine or imruunogenic composition and one or more inhibitors of the PD-1 pathway.
in preferred embodiments, the inhibitor of the PD-1 pathway 13 an anti-PD1 antibody, for
example Nivohurab,

{80156] The present invention also features in other exemplary aspects, novel combinations of
a neoplasia vaccine or irrunogenic composition and Nivolumab and/or ove or wore anti-

CTLA4 antibodies.
Indications

{80157 Examples of cancers and cancer conditions that can be treated with the comabination

therapy of this document mclude, but are vot limited to a patient 1n need thereof that has been
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diagnosed as having cancer, or at risk of developing cancer. The subject may have a solid tumor
such as breast, ovarian, prostate, lung, kidney, gastric, colon, testicular, head and neck, pancreas,
brain, melanoma, and other tumors of tissue organs and homatological tumors, such as
fymphomas and leukemias, including acute myelogenous levkemia, chronic myelogenous
icukemia, chronic bymphocytic leukemia, T cell lymphocytic leukemia, and B cell lymphomas,
tumors of the brain and ceotral nervous system {e.g., tumors of the meninges, braiu, spinal cord,
cranial nerves and other parts of the CNS, such as glioblastomas or medulla blastomas); head
and/or neck cancer, breast tumors, tumors of the circulatory system {e.g,, heart, mediastinum and
pleura, and other intrathoracic organs, vascular tumors, and tumor-associated vascular tissue);
turnors of the blood and lymphatic system {e.g., Hodglin’s disease, Non-Hodgkin's discase
lymiphoma, Burkitt’s lymphoma, AIDS-related lymphomas, malignant immunoproliferative
discases, multiple mycloma, and malignant plasma cell ncoplasrus, lymphotd leukernia, rayeloid
leukemia, acute or chronic fymphocytic leukemia, monocytic leukemia, other leukenias of
specific cell type, leukernia of unspecified cell type, umspecified malignant neoplasms of
Iyraphoid, hematopotetic and related tissues, such as diffuse large cell lymphoma, T-cell
lymphoma or cutancous T-cell lymphoma); tumors of the excretory system {e.g., kidney, renal
pelvis, ureter, bladder, and other urinary organs), turnors of the gastrointestinal tract {e.g.,
esophagus, stomach, small intestine, colon, colorectal, rectosigmoid junction, rectum, anus, and
anal canal); tumors involving the Hver and intrahepatic bile ducts, gall bladder, and other parts of
the biliary tract, pancreas, and other digestive organs; tumors of the oral cavity {e.g., lip, tongue,
gum, floor of mouth, palate, parotid gland, salivary glands, tonsil, oropharynx, nasopharynx,
puriform sinus, hypopharynx, and other sites of the oral cavity), tumors of the reproductive
systemi {¢.g., vulva, vagina, Cervix uteri, uterus, ovary, and other sites associated with fomale
geunital organs, placenta, pems, prostate, testis, and other sties associated with male genttal
organs); tumors of the respiratory tract (¢.g., nasal cavity, middle car, accessory sinuses, larynx,
trachea, bronchus and hung, such as small cell lung cancer and nou-small cell Jung cancer);
tumors of the skeletal system {e.g., bone and articular cartilage of limbs, bone articular cartilage
and other sites); turnors of the skin {e.g., malignant melanoma of the skin, non-melanoma skin
cancer, basal cell carcinoma of skin, squamous cell carcinoma of skin, mesothelioma, Kaposi's
sarcoma}; and tumors involving other tissues including peripheral nerves and autonomic nervous

systern, counective and soft fissue, retroperitoncours and peritoncum, eye, thyrowd, adrenal gland,
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and other codocrive glands and related structures, sccondary and unspecified malignant
neoplasms of lymph nodes, secondary malignant neoplasm of respiratory and digestive systems
and secondary realignant ncoplasm of other sites.

{BGISE]  Of special interest s the treatment of Non-Hodgkim's Lymphorsa (NHL), clear cell
Renal Cell Carcinoma {ccRCC), metastatic melanoma, sarcoma, leukemia or a cancer of the
bladder, colon, brain, breast, head and neck, endometrium, fang, ovary, pancreas or prostate. In
certain embodiments, the melanoma is high risk melanoma.

{B0189]  Cancers that can be treated using this corabination therapy may inclade aroung others
cases which are refractory to treatment with other chemotherapeutics. The term “refractory, as
used herein refers to a cancer {(and/or roctastases thercof), which shows no or only weak
antiproliferative response {e.g., no or only weak inhibition of tumor growth} after treatment with
another chemotherapeutic agent. These are cancers that cannot be treated satisfactorily with other
chemotherapeutics. Refractory cancers encompass not only (1) cancers where one or more
chemotherapeutics have already failed during treatment of a patient, but also (i1) cancers that can
be shown to be refractory by other wocans, e.g., bilopsy and culiure w the presence of
chemotherapeutics.

[66168] The combination therapy deseribed herewn s also applicable to the freatment of
patients in need thereot who have not been previously treated.

{#0161] The combination therapy described herein is also applicable where the subject has no
detectable neoplasia but is at high risk for discase recurrence.

{B0162]  Also of special mterest 18 the treatracnt of patients m need thereof s who have
undergone Autologous Hematopoietic Stem Cell Transplant {(AHSCT), and in particular patients
who demonstrate residual discase after undergoing AHSCT.  The post-AHSCT setting s
characterized by a low volume of residual disease, the wfusion of iromune cells to a sttuation of
homeostatic expansion, and the absence of any standard relapse-delaying therapy.  These
features provide a unigue opportunity to use the clairoed neoplastic vaccine or wmmunogenic

composition and checkpoint inhibitor compositions to delay disease relapse.
Pharmaceutical Compositions/Methods of Delivery

{80163] The present invention 18 also divected o pharroaceutical coraposiions comprising an

effective amount of one or wore compounds according to the present mvention (ncluding a
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pharmaceutically acceptable salt, thereof), optionally n combination with a pharmaceutically
acceptable carrier, excipient or additive.

{B0164] When administered as a corabination, the therapeutic agents (i.c. the ncoplasia
vaceine of immunogenic composition and ove or more checkpoint inhibitors) can be formnilated
as separate compositions that are given at the same time or different times, or the therapeutic
agents can be given as a single composition.

{80165] The compositions may be administered once datly, twice daily, once every two days,
once every three days, once every four days, once every five days, once every six days, once
every seven days, once overy two weeks, once every three weeks, once every four weeks, once
every two months, once every six months, or once per year. The dosing nterval can be adjusted
according to the needs of individual patients. For longer intervals of administration, extended
release or depot formulations can be used.

{88166]  The compositions of the invention can be used to treat discases and disease conditions
that arc acute, and may alse be used for treatment of chronic conditions.  In particular, the
compositions of the wnvention are used 1n methods to treat or prevent a neoplasia.

{80167}  In certain cmbodiments, the compounds of the invention are administered for time
periods exceeding two weeks, three weeks, one wonth, two months, three months, four months,
five months, six months, one year, two years, three yeoars, four years, or five years, ten years, or
fitfteen years; or for example, any time period range in days, months or years m which the low
eund of the range is any time period between 14 days and 15 years and the upper end of the range
is between 15 days and 20 years {(e.g., 4 weeks and 15 years, 6 months and 20 years). In some
cases, it may be advantageous for the compounds of the invention to be administered for the
remainder of the patient’s life. In preferred embeodiments, the patient 1s monitored to check the
progression of the discase or disorder, and the dose s adjusted accordmngly.  In preferred
embodiments, treatment according to the invention is effective for at least two weeks, three
weeks, one month, two months, three mounths, four months, five months, six months, one year,
two years, three years, four years, or five years, ten years, fifteen years, twenty years, or for the
rerainder of the subject’s life.

{B0168] As described herein, in certain embodiments, administration of the checkpoint
inhibitor 18 inttiated before initiation of administration of the neoplasia vaceine or imnunogenic

composition.  In other embodiments, admimstration of the checkpoint inhibitor 18 mitiated after
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inttiation of adminisiration of the neoplasia vaccmne or immunogenie compostiion. In still other
embodiments, administration of the checkpoint inhibitor is initiated simultancously with the
inttiation of admunistration of the neoplasia vaccine or iImMnunogenic composition,

{80169  Administration of the checkpoint inhibitor may continue every 2, 3, 4, 5, 6, 7, 8 or
rnore weoeks after the first adnunistration of the checkpoint inhibitor. It is understood that week |
is meant to include days 1-7, week 2 is maeant to include days 8-14, week 3 is meant to include
days 15-21 and week 4 is meant to include days 22-28. When dosing is described as being on
weekly mtervals it means approxiumately 7 days apart although o any given week the day can be
one or more days before or after the scheduled day

{B617¢]  In cortain embodiments, adwnistration of the checkpoint inhibitor 18 withbeld during
the week prior to administration of the neoplasia vaccine or immunogenic composition. In other
embodiments, administration of the checkpoint imhibttor is withheld during administration of the
neoplasia vaccine or immunogenic corposition.

{60171} Surgical resection uses surgery to remove sbnormal tissue in cancer, such as
rmoediastinal, newrogenic, or gerro cell tumors, or thyworsa, In certain embodiments,
administration of the checkpoint inhibitor is mitiated following fumor resection. In other
embodiments, adrmnistration of the neoplasia vaccine or immunogenic composttion is wnitiated
1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15 or more weeks after tumor resection. Preferably,
admmnistration of the neoplasia vaccine or imrnunogenic composition 1s imtiated 4, 5, 6, 7, 8, 9,
183, 11 or 12 wecks after tumor resection.

{80172} Prime/ boost regimens refer to the successive administrations of a vaccine or
immunogenic or immunoiogical composttions.  In certain embodiments, admimstration of the
neoplasia vaccine or immunogenic composition is i a prime/ boost dosing regimen, for example
admnistration of the neoplasia vaccing or immunogene composition at weeks 1, 2, 3 or 4 as a
prime and administration of the neoplasia vaccine or immunogenic composition is at months 2, 3
or 4 as a boost. In another embodiment heterologous prime-boost strategics are used to ellwcit a
greater cytotoxic T-cell response (see Schuneider et al, Induction of CDR+ T cells using
heterologous prime-boost immunisation strategics, Irnrmaunological Reviews Volume 170, Issue
I, pages 29-38, August 1999). Iun another erabodiment DNA encoding neoantigens is used to
prime followed by a protein boost. In another embodirment protein is used to prime followed by

boosting with a viras encoding the neoantigen.  In another cwmbodiment a vitus coucoding the
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neoantigen 1s used to prme and another virus 1s used to boost. In another ermbodiment protein is
used to prime and DNA is used to boost. In a preferred embodiment a BNA vaccine or
yrmunogenic composition 18 used to prime a T-cell response and a recombinant viral vaccine or
immunogenic compostiion is used to boost the response. In avother preferred embodiment a
viral vaccinge or inumunogenic coraposition 18 coadministered with 4 protein or DNA vaccine or
mmunogenic composition to act as an adjuvant for the protein or DNA vaccine or immmnogenic
composition. The patient can then be boosted with either the viral vaccine or immunogenic
composition, protein, or DNA vaccine or wmmunogenic composttion {(see Hutchings ot al.,
Combination of protein and viral vaccines induces potent cellular and humoral immune
responses and enhanced protection from murine malana challenge. Infect Imman, 20607
Dec;75(12):5819-26. Epub 2007 Oct 1).

{80173] The pharmaccutical compositions can be processed in accordance with conventional
methods of pharmacy to produce medicinal agents for administration o patients in need thereof,
including humans and other mammals.

{#6174] Modifications of the ncoantigenic peptides can affect the selubility, biocavailability
and rate of metabolism of the peptides, thus providing control over the delivery of the active
species. Solubility can be assessed by preparing the veoantigenic peptide and testing according
to known methods well within the routine practitioner’s skill in the art.

{B6175] It has been found that a pharmaceutical composition corprising succinic acid or a
pharmaceutically acceptable salt thereof (succinate} can provide improved solubility for the
neoantigenic peptides. Thus, in one aspect, the invention provides a pharmacceutical composition
comprising: at least one neoantigenic peptide or a pharmaceutically acceptable salt thereof] a pH
modifier {(such as a base, such as a dicarboxylate or tricarboxylate salt, for cxample, a
pharmaccutically acceptable salt of succinic acid or citric acid), and a pharmaceutically
acceptable carrier. Such pharmaceutical compositions can be prepared by combining a solution
comprising at least one ncoantigenic peptide with a base, such as a dicarboxylate or
tricarboxylate salt, such as a pharmaceutically acceptable salt of succinic acid or citric acid {such
as sodiurn succinate), or by combining a solution comprising at least one necantigenic peptide
with a solution comprising a base, such as a dicarboxylate or tricarboxylate salt, such as a
pharmaccutically acceptable salt of succinic acid or citric acid {including, ¢.g., a succinate buffer

solution). In certain exobodivaents, the pharmaceutical coroposition comprises sodium succinate.
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fn certain embodiments, the pH modifier (such as citrale or succinate} is present in the
composition at a concentration from about I mM to about 10 mM, and, in certain embodiments,
at a concentration from about 1.5 oM to about 7.5 mM, or about 2.0 to about 6.0 mM, or about
3.75 to about 5.0 mM.

{#6176] In certain cmobodiments of the pharmaccutical composition the pharmaceutically
acceptable carrier comprises water. In certain embodiments, the pharmaceutically acceptable
carrier further comprises dextrose. In certain embodiments, the pharmaceutically acceptable
carrier further comprises dimethylsulfoxide.  In certain embodiments, the pharmaceutical
composition further comprises an immunomeodulator or adjuvant. In certain embodiments, the
immunodulator or adjuvant is selected from the group consisting of poly-ICLC, 1018 ISS,
aluminum salts, Amplivax, AS1S, BCG, CP-870,893, CpG7909, CyaA, dSLIM, GM-CSF, 130,
IC31L, hmquimod, fmuFact IMP321, IS Patch, 188, ISCOMATRIX, Juvimmune, LipoVac,
MF39, monophosphoryl lipid A, Montanide IMS 1312, Mountanide ISA 206, Montanide ISA
SOV, Montanide ISA-51, OK-432, OM-174, OM-197-MP-EC, ONTAK, PEPTEL, vector
system, PLGA mucroparticles, resiquimod, SRLI72, Virosomes and other Viras-like particles,
YF-17D, VEGF trap, R848, beta-glucan, Pam3Cys, and Aquila’s Q821 stimmlon. In certain
embeodiments, the immunomodulator or adpuvant comprises poly-ICLE.

{66177]  Xanthenone derivatives such as, for example, Vadimezan or AsA404 (also known as
S,6-dimcthylaxanthenone-4-acetic acid (DMXAA}Y), may also be used as adjuvants according to
embodiments of the invention.  Alterpatively, such derivatives may also be administered in
paralicl to the vaccine or immuunogenic composition of the invention, for exarapic via systernic
or intratumoral delivery, to stimulate tmmunity at the tumor site. Without being bound by
theory, it is belicved that such xanthenone dertvatives act by stimulating interferon (IFN}
production via the stimulator of IFN gene ISTING) veceptor (see e.g, Conlon ot al. (2013)
Mouse, but not Human STING, Binds and Signals in Response to the Vascular Disrupting Agent
3,6-Dimethylxanthenone-4-Acetic Acid, Journal of Inwmuneology, 190:5216-25 and Kum et al,
{2013} Anticancer Flavonoids are Mouse-Selective STING Agonists, 8:1396-1401).

{B6178] The vaccine or immunological coraposition may also include an adjuvant compound
chosen from the acrylic or methacrylic polymers and the copolymers of maleie anhydride and an
alkenyl derivative. It is in particular a polymer of acrylic or methacrylic acid cross-linked with a

polyalkenyl ether of 4 sugar or polyalcohol {(carbomer), in particular cross-hnked with an allyl
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sucrose or with allylpentaervihritol, It may also be a copolymer of maleic anhydnde and ethylene
cross-linked, for example, with divinyl ether {sce U.S. Patent No. 6,713,068 hereby incorporated
by reference in 18 entirety)..

{80178 In  ceortain ombodiments, the pH modifier can stabilize the adjuvant or
immunormodulator as deseribed herein.

{B0188] In certain cmbodiments, a pharmaceutical compostiion comprises: one to five
peptides, dimethylsulfoxide (DMSQ), dextrose, water, succinate, poly L poly C, poly-L-lysine,
carboxymethylcellulose, and chloride. In certain embodiments, cach of the one to five peptides
is present at a concentration of 300 pg/ml  In certain embodiments, the pharmaccutical
composition comprises < 3% DMSO by volume. In certamn embodiments, the pharmaceutical
composition comprises 3.6 — 3.7 % dextrose in water. I certain embodiments, the
pharmaccutical composition comprises 3.6 — 3.7 oM succinate {e.g., as sodium succinate). In
certain embodiments, the pharmaceutical composition comprises .5 mg/ml poly I poly C. In
certain embodiments, the pharmaccutical composition coraprises 8.375 rag/ml poly-L-Lysine. In
certain embodiments, the pharmacentical  coroposition  comprises 125 mg/ml  sodivro
carboxymethyleeliulose. In certain embodiments, the pharmaceutical composition comprises
0.225% sodiura chloride.

{#G181] Pharmaccutical compositions comprise the hercin-described tumor  specific
neoantigenic peptides in a therapeutically effective arnount for treating discases and conditions
{e.g., a neoplasia/tumor), which have been described herein, optionally in combination with a
pharmaccutically acceptable additive, carrier and/or excipient. One of ordinary skill in the ant
from this disclosure and the knowledge in the art will recognize that a therapeutically effective
amount of one of more compounds according to the present mvention may vary with the
condition to be treated, its severity, the freatment regimen to be eraploved, the pharmacokinetics
of the agent used, as well as the patient (animal or human) treated.

{66182]  To prepare the pharmaceuntical coropositions according to the present invention, a
therapeuticaily effective amount of one or more of the compounds according to the present
invention is preforably intimately admixed with a pharmaceutically acceptable carrier according
to conventional pharmaceutical compounding techniques to produce a dose. A carrier may take
a wide varicty of forms depending on the form of preparation desired for adminstration, ¢.g.,

ocular, oral, topical or parenteral, including gels, creams ointments, lotions and time released
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implantable preparations, among vumerous others. In preparing pharmaceutical compositions 1o
oral dosage form, any of the usual pharmaceutical media may be used. Thus, for liquid oral
preparations such as suspensions, olixirs and solutions, suitable carriers and additives including
water, glycols, oils, alcohels, flavoring agents, preservatives, coloring agents and the hike may be
uscd. For solid oral preparations such as powders, tablets, capsules, and for solid preparations
such as suppositories, suitable carriers and additives including starches, sugar carriers, such as
dextrose, mannitol, lactose and related carriers, diluents, granulating agents, lubricants, binders,
disintegrating agends and the like may be used. If desived, the tablets or capsules voay be enteric-
coated or sustained release by standard techniques.

{B0183] The active compound 1s included 1o the pharmaceutically acceptable carrier or dilucut
in an amount sufficient to deliver to a patient a therapeutically effective amount for the desired
indication, without causing serious toxic effects in the patient treated.

{#3184]  Oral compositions generally include an inert difuent or an edible carrier. They may be
cuclosed in gelatin capsules or compressed into tablets. For the purpose of oral therapeutic
admnistration, the active compound or s prodrug derivative can be incorporated with
excipients and used in the form of tablets, troches, or capsules. Pharmaceutically compatible
binding agents, and/or adjuvant roaterials can be included as part of the composttion.

{BG185] The tablets, pills, capsules, troches and the like can contain any of the following
ingredicnts, or compounds of a similar nature: g binder such as microcrystalline cellulose, gum
tragacanth or gelating an excipient such as starch or lactose, a dispersing agent such as alginic
acid or corn starch; a lubricant such as magnesium stearate; a glidant such as colloidal silicon
dioxide, a sweetening agent such as sucrose or saccharin, or a flavoring agent such as
peppermint, methyl salicylate, or orange flavoring. When the dosage unit form is a capsule, it
can contain, in addition to waterial herein discussed, a liquid carvier such as a fatty ol In
addition, dosage unit forms can contain various other materials which modify the physical form
of the dosage untt, for example, coatings of sugar, shellac, or enferic agents.

{#3186] Formulations of the present invention suitable for oral administration way be
presented as discrete units such as capsules, cachets or tablcts cach containing a predetermined
amount of the active ingredient; as a powder or granules; as a solution or a suspension i an
aguecus liquid or a non-aqueous higuid; or as an oil-in-water lquid craulsion or a water-in-otl

emulsion and as a bolus, etc,
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{BGI87] A tablet may be wade by compression or molding, optionally with one or more

€

ccessory ingredients.  Compressed fablets may be prepared by compressing in a suitable
machine the active ingredient in a free-flowing forra such as & powder or granules, optionally
mixed with a binder, hubricant, inert diluent, preservative, surface-active or dispersing agent.
Molded tablets may be made by molding i a suitable machine a mixture of the powdered
compound motstened with an inert liguid dituent. The tablets optionally may be coated or scored
and may be formulated so as to provide slow or controiled release of the active ingredient
therein.

{G0188] Mecthods of formulating such slow or controlled release compositions of
pharmaceutically active ingredionts, are known wn the art and described n several issued US
Patents, some of which include, but are not hmited to, US Patent Nos. 3,870,790, 4,226,859,
4,369,172; 4,842,866 and 5,705,190, the disclosures of which are incorporated herein by
reference in their entiretics. Coatings can be used for delivery of compounds to the intestine
{sece, e.g., U.S. Patent Nos. 6,638,534, 5,541,171, 5,217,720, and 6,569,457, and refercnces cited
therein).

{B0189] The active compound or pharmaceutically acceptable salt thercof may also be
adiundstered as a component of an chxir, suspension, syrup, wafer, chewing gum or the like. A
syrup may contain, in addition to the active compounds, sucrose or fructose as a swegtening
agent and certain preservatives, dyes and colorings and flavors,

{B0198] Solutions or suspensions used for ocular, parenteral, intradermal, subcutansous, or
topical apphication can include the following components: a sterile diluent such as water for
mjection, saline solution, fixed oils, polyethylene glycols, glveering, propylene glycol or other
synthetic solvents; antibacterial agents such as benzyl alcoho! or methyl parabens; antioxidants
such as ascorbic acid or sodium bisulfite; chelating agents such as cthylenediaminetetraacetic
acid; buffers such as acetates, citrates or phosphates; and agents for the adjustiment of tonicity
such as sodium chloride or dextrose.

{B3191] In certaln embodiments, the pharmaceutically acceptable carrier 48 an agueous
solvent, i.c., a solvent coraprising watcr, optionally with additional co-solvents.  Exemplary
pharmaceutically acceptable carriers include water, buffer solutions in water (such as phosphate-
buftered saline (PBS), and 5% dextrose in water {(D3W). In certain embodiments, the aqueous

g., i an amound of about 1-4%, or 1-

o

solvent further comprises dimaethyl sulfoxide (DMIO), ¢
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3%. In certain embodivoents, the pharmaceutically acceptable carrier 1s wsotowme (e, has
substantially the same osmotic pressure as a body fluid such as plasma).

{B0192] In onc cmbodiment, the active compounds are prepared with carriers that protect the
compound against rapid clhimination from the body, such as a controlled release formulation,
including muplants and microencapsulated delivery systems. Biodegradable, biocompatible
polymers can be used, such as cthylene vinyl acetate, polvanhvdrides, polyglycolic acid,
collagen, polyorthoesters, polylactic acid, and polylactic-co-glycolic acid (FLGA). Methods for
preparation of such formulations are within the avobit of the skilled artisan m view of this
disclosure and the knowledge in the art.

801931 A skilled artisan frova this disclosure and the kvowledge 1n the art recognizes that in
addition to tablets, other dosage forms can be formulated to provide slow or controlled release of
the active ingredient. Such dosage forms include, but are not limited to, capsules, grannlations
and gel-caps.

{36194] Liposomal suspensions may also be pharmaceutically acceptable carriers. These muay
be prepared according to wocthods kvown to those skilled wn the art. For example, liposomal
formulations may be prepared by dissolving appropriate lipid{s) in an inorganic solvent that is
then evaporated, leaving behind a thin film of dried lipid on the surface of the container. An
aqueous solution of the active compound are then introduced into the container. The container is
then swirled by hand to free lipid matertal frorn the sides of the container and to disperse lipid
aggregates, thereby forming the liposomal suspension. (ther methods of preparation well known
by those of ordinary skill raay also be used in this aspect of the present invention,

{B3195]  The formulations may counventently be presented in unit dosage form and way be
prepared by conventional pharmaceutical technigues. Such technigues include the step of
bringing info association the active mngredient and the pharmaceutical carrier{s) or excipient{(s}.
in general, the formulations are prepared by uniformly and mmtimately bringing into association
the active mgredicot with lgmd carniers or finely divided solid carriers or both, and then, if
necessary, shaping the product.

{#6196] Formulations and compositions suttable for topical administration in the mouth
include lozenges comprising the ingredients in a flavored basis, usnally sucrose and acacia or

tragacanth; pastilics comprising the active ingredient in an inert basis such as gelatin and
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glycerin, or sucrose and acacia; and mouthwashes comprising the jngredient to be admunistered
in a suitable liquid carrier.

{80197}  Formulations suitable for topical administration to the skin may be presented as
ointments, creams, gels and pastes comaprising the ingredient to be administered in a
pharmaceutical acceptable carrier. A preferred topical delivery system 18 g transdermal patch
containing the ingredient to be administered.

{80198] Formulations for rectal administration may be presented as a suppository with a
suitable base comprising, for exaraple, cocos butter or a salicylate,

{G619%]  Formulations suitable for nasal administration, wherein the carrier is a solid, include a
coarse powder having a particle size, for exarople, 1o the range of 20 to SO0 microns which is
administered in the manner tn which snuff s administered, 1.¢., by rapid inhalation through the
nasal passage from a container of the powder held close up to the nose. Suttable forrulations,
wherein the carrier s a liquid, for administration, as for example, a vasal spray or as nasal drops,
include aqueous or otly solutions of the active ingredient.

{30286] Formulations suitable for vaginal admunistration way be presented as pessaries,
tampons, creams, gels, pastes, foams or spray fornmlations containing in addition to the active
ingredient such carricrs as are known i the art to be appropriate.

(#0201}  The parenteral preparation can be enclosed in ampoules, disposable syringes or
rauitiple dose vials made of glass or plastie. I administered intravenously, preferred carriers
include, for example, physiological saline or phosphate buffered saline (PBS).

{80282]  For parcnteral formulations, the carrier usually comprises sterile water or agueous
sodium chloride solution, though other mngredients including those which aid dispersion may be
included. Of course, where sterile water is to be used and maintained as sterile, the compositions
and carriers are also sterilized. Injoctable suspensions voay also be prepared, w which case
appropriate liquid carriers, suspending agents and the like may be employed.

{B0203] Formulations suitable for parenteral advainistration inchude aqueous and non-aqueous
sterile injection sohitions which may contain antioxidants, buffers, bacteriostats and solutes
which render the formulation isotonic with the blood of the intended recipient; and agueous and
non-aqueous sterile suspensions which may include suspending agents and thickening agents.
The formulations may be presented in unit-dose or multi-dose containers, for example, sealed

ampules and vials, and may be stored 1 a freeze-dried (lyvophilized) condition requiving only the
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addition of the sterile hquid carnier, for example, water for mjections, immediately prior to use.
Extemporancous injection solutions and suspensions may be prepared from sterile powders,
granules and tablets of the kind previeusly described.

{(3284]  Administration of the active compound wmay range from continuous {infravenous drip)
to several oral administrations per day (for exaraple, G.LD) and may inclade oral, topical, eye or
ocular, parenteral, intramuscular, intravenous, sub-cutancous, transdermal (which may inchide a
penetration cnhancement agent), buccal and suppository administration, among other routes of
admundstration, wncluding through an eye or ocular route.

{$G285]  The neoplasia vaccine or immunogenic composition and the at least one checkpoint
inhibitor, and any additional agents, may be administered by injection, orally, parenterally, by
inhalation spray, rectally, vaginally, or topically in dosage unit formulations containing
conventional pharmaceutically acceptable carriers, adjuvants, and vehicles, The term parenteral
as used herein includes, into a lymph node or nodes, subcutaneous, infravenous, intramuscular,
intrasternal, infusion techmniques, intraperitoncally, cye or ocular, intravitreal, intrabuccal,
transdermal, intravasal, into the brain, inchuding intracramal and infradural, info the joints,
including ankles, knees, hips, shoulders, elbows, wrists, directly into tumors, and the hike, and in
suppasttory form.

{(3286]  In certain embodiments, the vaccine or immunogenic compaosition or the one of more
checkpoint inhibitors are administered intravenously or subcutancously.

{86287]  Apphlication of the subject therapeutics may be local, so as to be adwministered at the
site of interest. In certain cmbodiments, the checkpoint inhibitor 18 administered subcutancously
near the site of admiuistration of the ncoplasia vaccine or imruunogenic composition, for
example within about 1, 2, 3,4, 5, 6, 7, 8, 9, 10 cm of the sitc of vaccine or immunogenic
composition adminisiration, and preferably within § cm of the sile of adwmmistration of the
neoplasia vaccine or immunogenic composition. 18 to be understood by one skilled in the art
administering the compositions that the concentration of the checkpoint mbubitor administered to
the subject may be changed based on the location of admmnistration. For example, if the
checkpoint inhibitor 15 administered near the site of administration of the neoplasia vaccine or
mmunogenic composition, then the concentration of the checkpoint inhibitor may be decreased.
{B0288]  Various techniques can be used for providing the subject compositions at the site of

interest, such as injechion, use of catheters, trocars, projectiles, pluronic gel, stenis, sustained
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drug release polymers or other device which provides for mternal access. Where an organ or
tissuc is accessible because of removal from the patient, such organ or tissue may be bathed in a
medium containing the subject compositions, the subject compositions may be pamted onto the
organ, or may be applied in any convenient way.

{3020%] The tumor specific nooantigenic peptides may be adnunistered through a device
suitable for the controlled and sustained release of a composition effective in obtaining a desired
local or systemic physiological or pharmacological effect. The method includes positioning the
sustained released drug delivery systern at an area wherein release of the agent 1s desived and
allowing the agent to pass through the device to the desired arca of treatment.

{B6218]  The tamor specific necantigenic peptides may be utilized 1o combination with at least
one known other therapeutic ageunt, or a pharmaceutically acceptable salt of said agent. Examples
of known therapeutic agents which can be used for combination therapy inchade, but are not
limatted to, corticosteroids {e.g., cortisone, prednisone, dexamethasone), non-steroidal anti-
inflammatory drugs (NSAIDS) {c.g., tbuprofen, celecoxib, aspirin, indomecthicin, naproxen),
alkylating agents such as busulfan, cis-platin, mitorayein C, and carboplatin; antivottotic agents
such as colchicine, vinblastine, paclitaxel, and docetaxel; topo 1 inhibitors such as camptothecin
and topotecan; topo I inhibitors such as doxorubicin and ctoposide; and/or RNA/DNA
antimetabolites such as 5-aracytidine, 3-fluorouracil and methotrexate; DNA antimetabolites
such as S-fluore-2'-deoxy-uridine, ara-C, hydroxyurca and thioguanine; antibodics such as
HERCHEPTIN and RITUXAN,

{B0211] I should be understood that in addition to the ingredients particalarly raentioned
herein, the fornmdations of the present invention may include other agents conventional in the art
having regard to the type of formulation in question, for example, those suitable for oral
adenistration may wclude flavoring agents.

{60212] Pharmaceutically acceptable salt forms may be the preferred chemical form of
compounds according to the present mvention for inclusion o pharmaceutical corapositions
according to the present tnvention.

{60213} The present compounds or their dervatives, including prodrug forms of these agents,
can be provided i the form of pharmaceutically acceptable salts. As used herein, the term
pharmaccutically acceptable salts or complexes refers to appropriate salts or complexes of the

active compounds according to the present invention which retain the desived biological activity
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of the parent compound and exhibit limited toxicological effects to norwal celis. Nonhmiting
examples of such salts are {a) acid addition salts formed with inorpanic acids (for example,
hydrochloric acid, hydrobromic acid, suifuric acid, phosphoric acid, nitric acid, and the like), and
salts formed with organic acids such as acetic acid, oxalic acid, tartaric acid, succinic acid, malic
acid, ascorbic acid, benzoic acid, tannic acid, pamoie acid, alginic acid, and polyglutamic acid,
among others; (b) base addition salts formed with metal cations such as zinc, calcium, sodinm,
potassium, and the like, among numerous others.

{B0214]  The compounds herein are commercially available or can be syuthesized, As can be
appreciated by the skilled artisan, further methods of synthesizing the compounds of the
formulac herein is evident to those of ordinary skill in the art. Additionally, the various synthetic
steps may be performed in an alternate sequence or order fo give the desired compounds.
Syrthetic chermistry transformations and protecting group methodologics (protection and
deprotection) useful in synthesizing the compounds described herein are known i the art and
include, for example, those such as deseribed in R Larock, Cornprchensive Organic
Traunsformations, 2nd. Ed., Wiley-VUH Publishers {1999y, T.W. Greene and P.G M. Wuts,
Protective Groups in Organic Synthesis, 3rd, Ed., John Wilcy and Sons {1999}; L. Fieser and M.
Ficser, Fieser and Fleser’s Reagents for Organic Synthesis, Joho Wiley and Sons (1999); and L.
Paguette, od., Encyclopedia of Reagents for Organic Synthesis, John Wiley and Sons (1995}, and

subsequent editions thereof.
Dosage

{B3215]  When the ageunts described heretn are administered as pharmaceuticals to humans or
animals, they can be given per se or as a pharmaceutical composition containing active
ingrediont i combination with a pharmaceuntically acceptable carrier, excipient, or diluent.

{80216]  Actual dosage levels and time course of administration of the active ingredients in the
pharmaceutical compositions of the invention can be varied so as to obtain an amount of the
active ingredient which is effective to achieve the desired therapeutic response for a particular
patient, composttion, and mode of administration, without being toxic to the patient.  Generally,
agents or pharmaceutical compositions of the invention are administered fn an amount sufficient

to reduce or climinate symptoms associated with viral infection and/or autoimmune disease.
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(862171 A preferred dose of an agent 18 the maxivourn that a patient can tolerate and not
develop serious or unacceptable side effects.

{80218] Determination of an effoctive arnount 18 well within the capability of those skilled in
the art, especially in light of the detailed disclosure provided herein. Generally, an efficacious or
ctfective amount of an agent is determined by first adnunistering a low dose of the agent(s) and
then incrementally increasing the administered dose or dosages until a desired effect {e.g., reduce
or eliminate symptoms associated with viral infection or autoimmune discase} is observed in the
treated subject, with minimal or acceptable toxic side effects.  Applicable wethods for
determining an appropriate dose and dosing schedule for administration of a pharmaceutical
composition of the present nvention are described, for exarople, in Goodman and Gilman’s The
Pharmacoiogical Basis of Therapeutics, Goodman et al., eds., 11th Edition, McGraw-Hill 2043,
and Remington: The Science and Practice of Pharmacy, 20th and 21st Editions, Gennaro and
University of the Sciences in Philadelphia, Eds,, Lippencott Wilhams & Wilkins (2003 and
20035}, cach of which is hercby incorporated by reference.

{36219]  Preferred undt dosage formulations are those containing & daily dose or unit, daily
sub-dose, as herein discussed, or an appropriate fraction thereof, of the administered ingredient.
[B6228]  The dosage regumen for treating a disorder or a disease with the tumor speafic
neoantigenic peptides of this invention and/or compositions of this invention is based on a
varicty of factors, inchuding the type of discase, the age, weight, sex, medical condition of the
patient, the severity of the condition, the route of administration, and the particular compound
emploved. Thus, the dosage regimen may vary widely, but can be determined routinely using
standard methods.

{G3221] The amounts and dosage regimens administered to a subject can depend on a number
of factors, such as the mode of administration, the nature of the coundition being treated, the body
weight of the subject being treated and the judgment of the prescribing physician; all such factors
being within the ambit of the skilled artisan from this disclosure and the knowledge 1o the art.
{#3222] The amount of compound inchided within therapeutically active formulations
according to the present invention is an cffoctive arnount for treating the disease or condition.
{86223]  In genecral, a therapeutically effective amount of the present preferred compound in
dosage form usually ranges from slightly less than about 0.025 myg/kg/day to about 2.5 g/kg/day,

preferably about 8.1 mg/kg/day to about 100 mg/kg/day of the patient or considerably more,
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depending upon the compound used, the condition or infection freated and the route of
administration, although exceptions to this dosage range may be contemplated by the present
invention.  In s most preferred forrn, compounds according to the present invention are
administered i amounis ranging from about 1 mg/kg/day to about 100 mg/kg/day. The dosage
of the compound can depend on the condition being treated, the particular cormpound, and other
clinical factors such as weight and condition of the patient and the route of administration of the
compound. It 18 to be understood that the present invention has application for both human and
veterinary use.

{#3224] According to certain exemplary embodiments, the vaccine or immunogenic
composition s administered at a dose of about 10 pg- 1 mg per necantigenic pephide. According
to certain exemplary erabodiraents, the vaccine or immunogenic composition is administered at
an average weckly dose level of about 10 pg- 2000 pg per necantigenic peptide.  According to
certain exeruplary embodiments, the checkpoint inhibitor i1s administered at a dose of about 0.1-
18 mgkg.  According to certain cxemplary emboditaents, the anti-CTLA4 antibody 8
adwnistered at a dose of about 1 mg/kg- 3 mg/kg For example, i certain exemplary
embodiments, Nivolumab itsgin dosing at the standard single agent dosing level of 3 mp/kg.
When the one or more checkpoint mhibitors are administered at the site of adminustration of the
vaccing Or IMMUnogenic composition, the inhibitor is preferably administered at a dose of about
0.1-1 myg per site of administration of the neoplasia vacoinge or iImmMunogenic composition,
{80225] Prefered embodiments use the concentrations and timings used in clinical trials for
checkpoint mhubitors, alone or in combination with a neoantigen vaccing or IMNMUNOZCNIC
composition. Topalian, et al. N Engl J Med 2012; 366:2443-2454 describes a phase 1 study that
assessed the safety, antitumor activity, and pharmacokinetics of BMS-93655%, a fully human
fgG4a-blocking monoclonal antibody directed agaiust PD-1, in patients 1n need thereof with
selected advanced solid tumors. The antibody was administered as an intravenous infusion every
2 weeks of cach 8-week treatment cycle. Response was assessed after cach treatment cycle.
Patients received treatment for up to 2 years {12 cycles). Patients with advanced melanoma,
non—small-cell lung cancer, renal-cell cancer, castration-resistant prostate cancer, or colorectal
cancer were enrolled. Cobhorts of three to six patients per dose level were enrolled sequentially at
doses of 1.0, 3.0, or 10.0 myg per kilogram of body weight. Initially, five expansion cohorts of

approximately 16 patients cach were enrolled at doses of 18.0 myg peor kilogram for melanoma,
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non—small-cell lung cancer, renal-cell cancer, castration-resistant prostate cancer, and colorectal
cancer. On the basis of initial signals of activity, additional expansion cohorts of approximately
16 patients cach were enrolled for melanoma {(at a dose of 1.0 or 3.0 mg per kilogram, followed
by cohorts randomly assigned to 8.1, 8.3, or 1.0 mg per kilogram)}, lung cancer {patients with the
squamous or nonsquarnous subtype, randomly assigned to a dose of 1.0, 3.0, or 10.0 mg per
kilogram), and renal-cell cancer {at a dose of 1.0 myg per kilogram).

180226  Wolchokoet al. N Engl J Med 2013; 369:122-133, describes a clinical trial using
Nivoluroab plus Ipilimumab in advavsced roclanoma.  In the study patients were administered
intravenous doses of nivolumab and ipthmumab every 3 weeks for 4 doses, followed by
nivolurnab alone every 3 weeks for 4 doses. The combined treatrocnt was subsequently
administered every 12 weeks for up to 8 doses. In a sequenced regimen, patients previously
treated with ipilimumab received nivolumab every 2 wecks for up to 48 doses. The maximum
doses that were associated with an acceptable level of adverse events were nivelumab at a dose
of 1 mg per kilogram of body weight and ipilimumab at a dose of 3 mag per kilogram.

1802271 Wolchok et al, Chin. Cancer Res. 15, 7412; 2009 describes a phase U clinucal irial
program with iptlimumab. Patients were treated with induction therapy (ipilimumab 10 mg/kg
every 3 wk x4y followed by maintenance therapy in cligible paticots (pihimumab 10 mgke
every 12 wk, beginning at week 24}

{60228] Hanud ctal, N Engl T Med 2013; 369:134-144, describes safety and tumor responses
with Lambroliziab (Anti-PD-1) in melanoma.  Patients with advanced melanoma were
adnunistered lambrolizumab intravenously at a dose of 10 myg per kilogram of body weight every
2 or 3 weeks or 2 mg per kilogram every 3 weeks. Patients inchuded both those who had received
prior treatment with the immune checkpoint inhibitor ipilimumab and those who had not.

{86229]  Spgel et al, J Cho Ooncol 31, 2013 {(suppl; abstr 8008) describe a phase T tnal for
MPDEL3280A, a human monoclonal Ab containing an engincered Fe-domain designed to
optimize efficacy and safety, targeting PD-L1. Patiends with squamous or nonsquamous NSCLC
recetved MPDL3ZE0A by IV at doses between 1-20 mg/kg forup to 1 v

{#023¢] The concentration of active compound 1o the drug composition will depend on
absorption, distribution, mnactivation, and excretion rates of the drug as well as other factors
known to those of skill m the art. B is to be noted that dosage values will also vary with the

severtty of the condifion to be alleviated. It 18 to be further understood that for any particular
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subject, specific dosage regimens should be adjusted over time according to the mndividoal need
and the professional judgment of the person administering or supervising the administration of
the cornpositions, and that the concentration ranges sct forth herein are exemplary only and are
not futended to Himit the scope or practice of the claimed compeosition. The active ingredient may
be administered at once, or may be divided imto a number of smaller doses to be administered at
varying intervals of time.

{80231] The mvention provides for pharmaceutical compositions containing at least one tumor
specific neoantigen described herein. In emabodiments, the pharmaceutical compositions contain
a pharmaccutically acceptable carrier, excipient, or diluent, which inchudes any pharmaceutical
agent that does not tiself induce the production of an fmmune response harmoful to a subject
receiving the composition, and which may be administered without undue toxicity. As used
herein, the term “pharmaceutically acceptable” means being approved by a regulatory agency of
the Federal or a state government or listed in the U.S. Pharmacopia, European Pharmacopia or
other generally recognized pharmacopia for use 1 mammals, and more particularly in humans.
These compositions can be useful for treating and/or preventing viral mfection and/or
autoimmune disease.

{88232] A thorough discussion of pharmaceutically acceptable carriers, diluents, and other
excipients is presented in Remington’s Pharmaceutical Sciences {(17th ed., Mack Publishing
Company} and Remington: The Science and Practice of Pharmacy (21st ed., Lippincott Williams
& Wilkins), which are hereby incorporated by reference. The formulation of the pharmaceutical
composition should suit the mode of administration. In embodiments, the pharroaceutical
compaosition is suitable for administration to humans, and can be sterile, non-particulate and/or
HON-PYrogenic.

{#6233] Pharmaccutically acceptable carriers, excipients, or diluents toclade, but are uot
limited, to saline, buffered saline, dextrose, water, glycerol, ethanol, sterile isotonic agqueous
buffer, and combinations thereof

{$3234] Wetting agents, emulsifiers and lubricants, such as sodium lauwryl sulfate and
rnagnesiumm stearate, as well as coloring agents, release agents, coating agents, swectening,
flavoring and perfuming agents, preservatives, and antioxidants can also be present in the

compositions.
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{30235]  Examples of pharmaccutically-acceptable antioxidants mclade, but are not lmited to:
(1} water soluble antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium bisuifate,
sodium roctabisulfite, sodiura sulfite and the like; (2) oil-soluble antioxidants, such as ascorbyl
palmitate, butylated hydroxyanisole (BHA), butvlated hydroxytoluene (BHT), lecithin, propyl
galiate, alpha-tocopherol, and the like; and (3} metal chelating agents, such as citric acid,
cthylenediamine tetraacetic acid (EDTA}, sorbitol, tartaric acid, phosphoric acid, and the like.
{80236] In embodiments, the pharmaceutical composition 18 provided in a solid form, such as
a lyophilized powder suitable for reconstitution, a hiquid solution, suspeusion, eroulsion, tablet,
pill, capsule, sustained release formulation, or powder.

(862371  In cmbodiments, the pharmaceutical composttion is suapplied in liquid form, for
example, in a sealed container ndicating the quantity and concentration of the active ingredieunt
in the pharmaccutical composition. In related embodiments, the bgquid form of the
pharmaceutical compostiion s supplied in a hermetically sealed container,

{B0238] Mcthods for formulating the pharmaceutical compositions of the present invention are
conventional and well known in the art {see Rewsington and Remington’s). One of skill in the art
can readily formulate a pharmaceutical composition having the desired characteristics {(e.g., route
of admimstration, blosafety, and release profile).

{#323%]  Methods for preparing the pharmaceutical compositions mclude the step of bringing
into assoctation the active ingredient with a pharmacceutically acceptable carrier and, optionally,
one or more accessory ingredients.  The pharmaceutical compositions can be prepared by
uniformly and ntimately bringing nto association the active ingredient with liquid carriers, or
finely divided solid carriers, or both, and then, if necessary, shaping the product. Additional
methodology for preparing the pharmaceutical compositions, including the preparation of
roultilayer dosage forms, are described in Ansel’s Pharmaceutical Dosage Forms and Drug
Delivery Systemas (9th od., Lippincott Williams & Wilkins}, which is hereby incorporated by
reference.

{63248] Pharmaceutical compaositions suttable for oral administration can be in the form of
capsules, cachets, pills, tablets, lozenges {(using a flavored basis, usually sucrose and acacia or
tragacanth}, powders, granules, or as a solution or a suspension in an aQUCOUS OF BON-EGUCOUS
iiquid, or as an otl-in-water or water-in-oil hquid enwlsion, or 4s an elixir or syrup, or as pastilles

{using an inert base, such as gelatin and glycerin, or sucrose and acacia) and/or as mouth washes
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and the hike, cach containing a predetermived amount of a compound(s) described herein, a
derivative thereof, or a pharmaceutically acceptable salt or prodrug thereof as the active
ingredient(s}). The active mngredient can also be adnistered as a bolus, clectuary, or paste.
{$3241] In solid dosage forms for oral administration (e.g., capsules, tablets, pills, dragees,
powders, granules and the like), the active mgredient s mixed with one or more
pharmacentically acceptable carriers, excipients, or diluents, such as sodium citrate or dicalctum
phosphate, and/or any of the following: (1) fillers or extenders, such as starches, lactose, sucrose,
glucose, manmiol, and/or sitlicic acid; (23 binders, such as, for example, carboxyrethyleellulose,
alginates, gelatin, polyvinyl pyrrolidone, sucrose and/or acacia; (3) humectants, such as glycerol;
{4} disintegrating agents, such as agar-agar, calcium carbonate, potato or tapioca starch, alginic
acid, certain silicates, and sodium carbonate; {5) solution retarding agents, such as paraffin: (6}
absorption accelerators, such as quaternary amynonium compounds; (7) wetting agents, such as,
for example, acetyl alcobol and glycerol mounostearate; (8) absorbents, such as kaolin and
bentonite clay; (9) lubricants, such a tale, calcium stearate, magnesium stearate, sohd
polyethvlene glyeols, sodwm lauryt sulfate, and mixtures thereof; and (10} coloring agents. In
the case of capsules, tablets, and pills, the pharmaccutical compositions can alse comprise
buffering agenis, Solid compositions of a similar type can also be prepared using fillers 1n soft
and hard-filled gelatin capsules, and excipients such as lactose or milk sugars, as well as high
rolecular weight polyethylene glycols and the Hke,

{86242] A tablet can be made by compression or molding, optionally with one or wore
accessory mgredionts. Compressed tablets can be prepared using binders (for example, gelatin
or hydroxypropyimethyl cellulose), lubricants, ivert diluents, preservatives, disintegrants (for
example, sodium starch glycolate or cross-linked sodium carboxymethyl cellulose), surface-
actives, and/ or dispersing agents. Molded tablets can be roade by molding in a suitable machine
a mixture of the powdered active ingredient moistened with an inert Hguid diluent.

{66243] The tablets and other solid dosage forms, such as dragees, capsuoles, pills, and
granules, can optionally be scored or prepared with coatings and shells, sach as enteric coatings
and other coatings well known i the art.

{86244] In some embodiments, in order to prolong the effect of an active ingredient, it
desirable to slow the absorption of the compound from subcutancous or intrarmuscular injection.

This can be accoraphshed by the use of a liguid suspension of crystalline or armnorphous material
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having poor water solubility, The rate of absorption of the active wngredient then depends upon
its rate of dissolution which, in turn, can depend upon crystal size and crystalline form.
Alternatively, delayed absorption of a  parenterally-administered  active  ingredient s
accoraplished by dissolving or suspending the compound tn an ol vehicle. In addition,
profonged absorption of the injectable pharmaccutical form can be brought about by the
inclusion of agents that delay absorption such as aluminum monostearate and gelatin.

180245] Controlled release parenteral compositions can be in form of aqueous suspensions,
microspheres, microcapsules, maguetic microspheres, oil solutions, oul suspensions, ernulsions,
or the active ingredient can be incorporated in biocompatible carrier(s), Hiposomes, nanoparticles,
implants or wfusion devices,

{86246] Materials for use in the preparation of microspheres and/or microcapsules include
bindegradable/biocrodible polymers such as polyglactin, poly-(isobutyl cyanocacrylate), poly(2-
hydroxyethyi-L-glutamine) and poly(lactic acid).

{60247} Biocorapatible carriers which can be used when formulating a controlled release
parcuteral formudation include carbohydrates soch as dextrans, proteins such as albumun,
lipoproteins or antibodies.

[60248] Materials for use n wmplants can be non-biodegradable, c.g., polydimethyisiloxane,
or bipdegradable such as, ¢.g., poly{caprolactone), poly(lactic acid), poly{glyeolic acid) or
polv{ortho esters).

{86249] In embodiments, the active ingredient{s) are admiumistered by aerosol. This i
accornplished by preparing an aqueous acrosol, liposomal preparation, or solid particles
containing the compound. A nonagqueous {e.g., fluorocarbon propellant) suspension can be used.
The pharmacecutical composition can also be administered using a sonic nebulizer, which would
minimize exposing the agent {o shear, which can result in degradation of the compound.

{8025¢] Ordinanily, an aqueous acrosol is made by formulating an aqueous solution or
suspension of the active ingredient{s} together with conventional pharmaceutically-acceptable
carriers and stabilizers. The carriers and stabilizers vary with the requirements of the particalar
comapound, but typically include nownionic surfactants (Tweens, Pluronics, or polyethylene
glycol), innocuous proteins fike serum albumin, sorbitan esters, oleic acid, lecithin, amino acids
such as glycine, buffers, salts, sugars or sugar alcohols. Acrosols generally are prepared from

isotonic solgtions.
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{B0251]  Dosage forrus for topical or transdermal administration of an active wngredieni(s)
includes powders, sprays, ointments, pastes, creams, lotions, gels, solutions, patches and
inhalants. The active ingredient(s} can be mixed under sterile conditions with a pharmaccutically
acceptable carrier, and with any preservatives, buffers, or propellants as appropriate.

{30252]  Transdermal patches suitable for use in the presenmt invention are disclosed
Transdermal Drug Delivery: Developmental fssues and Research Initiatives (Mareel Dekker Inc,
198G) and U.S. Pat. Nos. 4,743,249, 4,906,169, 5,198,223, 4,816,540, 5,422,119, 5,023,084,
which are hereby wncorporated by reference. The transdermal patch can also be any transdermal
patch well known in the art, including transscrotal patches. Pharmaceutical compositions in such
transdermal patches can contain onc or more absorption enbancers or skin permeation enhancers
well known in the art (see, c.g., U.S. Pat. Nos. 4,379,454 and 4,973,468, which are hereby
incorporated by reference). Transderral therapeutic systerns for use in the present fnvention can
be based on 1ontophoresis, diffusion, or a combination of these two effects.

{B0253]  Transdermal patches have the added advantage of providing controlled delivery of
active ingredient(s) to the body. Such dosage forms can be made by dissolving or dispersing the
active ingredient{(s) in a proper medium. Absorption enhancers can alse be used to increase the
flux of the active jogredient across the skin. The rate of such flux can be coutrolled by euther
providing a rate controlling membrane or dispersing the active ingredient(s) in a polymer matrix
or gel.

{802584]  Such pharmaceutical compositions can be in the form of creams, ointments, lotions,
iimiments, gels, hydrogels, solutions, suspensions, sticks, sprays, pastes, plasters and other kinds
of transdermal drug delivery systems. The compositions can also mnelnde pharmaceutically
acceptable carriers or excipients such as emulsifying agents, antioxidants, buffering agents,
preservatives, humectants, penetration enhancers, chelating agents, gel-forming agents, omntment
bascs, perfumes, and skin protective agents.

[B0285] Examples of emulsifying agents wmchude, but are not limited to, naturally ocourring
gums, ©.g. gum acacia or gum tragacanth, naturally occurring phosphatides, e.g. soybean lecithin
and sorbitan monooleate derivatives.

{86256] Examples of antioxidants include, but are not hmited to, butylated bydroxy anisole

{BHA), ascorbic acid and derivatives thereof] tocopherol and derivatives thereof, and cysteine.
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{#0287]  Examples of preservatives 1uctade, but are pot hivatied to, parabens, such as methyi or
propyl p-hydroxybenzoate and benralkonium chloride.

{B0258]  Examples of humectants include, but are not limited to, glycerin, propylene glycol,
sorbitol and wrea.

{30259]  Exaroples of penetration enhancers include, but are not limited to, propylene glycol,
DMS(O, iricthanolaming, N N-dimethylacetamide, N, N-dimethyiformamide, Z-pyrrolidone and
derivatives thereof, tetrahydrofurfuryl alcohol, propyiene glycol, dicthylene glycol monocethyl or
monomethyl cther with propylene glycol monolaurate or rocthyl laurate, encalyptol, lecithin,
TRANSCUTOL, and AZONE.

{302686] Examples of chelating agents nclude, but are not Hmited to, sodiumn EDTA, citric
acid and phosphoric acid.

{B0261] Examples of gel forming agents include, but are not limited to, Carbopol, cellulose
derivatives, bentonite, alginates, gelatin and polyvinylpyrrolidone.

{60262] In addition to the active ingredient(s}, the ointments, pastes, creams, and gels of the
present mvention can contain excipients, such as animal and vegetable fats, oils, waxes,
paraffins, starch, tragacanth, ccliulose derivatives, polyethylene glycols, silicones, bentonites,
silicic acid, tale and zine oxide, or mixtures thereof,

{#3263] Powders and sprays can contain excipicnts such as lactose, tale, silicic acid,
aluminom hydroxide, calcium silicates and polyamide powder, or nuxtures of these substances.
Sprays can additionally countain customary propellants, sach as chlorofluorohydrocarbons, and
volatile unsubstituted hydrocarbons, such as butane and propane.

{#3264] Injectable depot forms are made by forming microencapsule matrices of compound(s}
of the invention in bicdegradable polymers such as polylactide-polyglycolide. Depending on the
ratio of compound to polymer, and the nature of the particular polymer eroployed, the rate of
compound relcase can be controlled. Examples of other bicdegradable polymers inchude
poly{orthoestersy and poly{anhydndes)y.  Depot mjectable formulations are also preparved by
entrapping the drag in Hposomes or microemulsions which are compatible with body tissue.
{30265] Subcutancous implants are well known i the art and arc suitable for use i the
present jnvention.  Subcutancous implantation methods are preferably non-urritating and
mechanically restlient. The implants can be of matrix type, of rescrvolr type, or hybrids thereofl

In matnix type devices, the carrier material can be porous or non-porous, solid or semi-solid, and
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permeable or imperrocable to the active compound or compounds. The carrier material can be
bipdegradable or may slowly erode after administration. In some instances, the matrix is non-
degradable but instead relics on the diffusion of the active cornpound through the matrix for the
carrier material to degrade. Alternative subcutancous fuplant methods utilize reservoir devices
where the active compound or compounds are surrounded by a rate controlling membrane, ¢.g., a
membrane independent of component concentration {(possessing zerg-order kinetics}. Devices
consisting of a matnx swrounded by a rate controlling membrane also suitable for use.

{B8266] Both reservoir and mairix  type devices can  contain  materials  such  as
polydimethyisiloxane, such as SILASTIC, or other silicone rubbers. Matrix materials can be
insoluble polypropylene, polyethylene, polyvinyl chloride, cthylvinyl acetate, polystyrene and
polymethacrylate, as well as glycerol esters of the glycerol palmitostearate, glycero! stearate, and
glycerol behenate type. Materials can be hydrophobie or hydrophilic polyracrs and optionally
contain solubilizing agents.

{#0267] Subcutancous fraplant devices can be slow-release capsules made with any suitable
polymer, ¢.g., as described i UR. Pat. Nos. 5,035,881 and 4,210,644, which are hereby
incorporated by reference.

{60268] 1o gencral, at least four different approaches are applicable in order to provide rate
contrel over the release and transdermal permeation of a drug compound. These approaches are:
membrane-moderated systems, adhesive diffusion-controlled systems, matrix dispersion-type
systems and microreservoir systems, It is appreciated that a controlled release percutancous
and/or topical composition can be obtained by using a suitable mixture of these approaches.
{#326%] In a wmembrane-moderated system, the active ingredient is present in a rescrvoir
which is totally encapsulated in a shallow compartment molded from a drug-tmpermeable
laminate, such as a metallic plastic lavmnate, and a rate-coutrolling polymernic membrane such as
a4 MICroporous of a non-porous polymeric membrane, ©.¢., ethyleng-vinyl acetate copolymer.
The active mgredient is released through the rate controlling polymeric wembrane. In the drug
reservotr, the active ingredient can either be dispersed in a solid polymer matrix or suspended in
an unleachable, viscous liquid medium such as stlicone fluid. On the external surface of the
polymeric membrane, a thin layer of an adbesive polymer is applied to achieve an intimate
contact of the transdermal systern with the skin surface. The adhesive polymer is preferably a

polymer which s hypoallergenic and compatible with the active drug substance.
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{B027¢]  In an adhesive diffusion-controlied sysiern, a reserveoir of the achive ingredicut is
formed by directly dispersing the active ingredient in an adhesive polymer and then by, e.g.,
solvent casting, spreading the adhesive containing the active mgredient onto a flat sheet of
substantially drug-impermeable metallic plastic backing to form a thin drug reservoir layer.
{B0271] A matrix dispersion-type system is characterized in that a reservoir of the active
ingredient is formed by substantially homogeneously dispersing the active ingredient in a
hydrophiiic or lipophilic polymer matrix. The dmg-containing polymer is then molded into disc
with a substantially well-defined surface arca and controlled thickness. The adhesive polymer is
spread along the circumference to form a strip of adhesive around the disc.

802721 A wmicroreservoir system can be considered as a combination of the reservoir and
matrix dispersion type systems. In this case, the reservoir of the active substance is formed by
first suspending the drug solids 1n an aqueous solution of water-soluble polymer and then
dispersing the drug suspension in a lipophilic polymer to form a multiplicity of unleachable,
roicroscopic spheres of drug reservous.

802731 Any of the herein-described controlled release, extended release, and sustained
relcase compositions can be formulated to release the active ingredient in about 30 minutes to
about 1 week, in about 30 mnutes to asbout 72 hours, m about 30 minutes to 24 hours, in about
30 minutes to 12 hours, in about 30 minutes to 6 hours, in about 30 minutes to 4 hours, and in
about 3 hours to 10 hours. In embodiments, an effective concentration of the active ingredient(s}
is sustained in a subject for 4 hours, © hours, 8 hours, 10 hours, 12 hours, 16 hours, 24 hours, 4¥
hours, 72 hours, or more afier administration of the pharmaccutical compositions to the subject.
Vaceine or immunegenic compositions

{30274] The present invention is dwrected to methods of combination ireatment. The
combination treatment comprises at least an impnunogenic composition, ¢.g., a neoplasia vaccing
or immunogenic composition capable of ratsing a specific T-cell response.  The veoplasia
VBCCInEe Of UMMunogenic composifion coraprises neocantigenic peptides and/or neoantigenic
polypeptides corresponding to tumor specific neoantigens identified by the methods deseribed
herein.  The combination treatment also comprises at least one checkpoint inhibitor. In

particular, the present invention is directed to mcthods of treating or proventing a neoplasia
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comprising the steps of admiwistering to a subject {a) a neoplasia vaccine or imwounogenic
composition, and {b) at lcast one checkpoint inhibitor,

{B0275] A suitable neoplasia vaccine or immunogenic composition can preferably contain a
plarality of tumor specific neoantigenic peptides.  In an embodiment, the vaccine or
immunogenic composition can include between 1 and 100 sets of peptides, more preferably
between 1 and 58 such peptides, even more preferably between 10 and 30 sets peptides, even
more preferably between 15 and 25 peptides.  According to another preferred embodiment, the
vaceine or wumunogenic composition can include at least ove peptides, woore preferably 2, 3, 4,
or 5 peptides, In certain embodiments, the vaccine or Immunogenic composition can comprise 3,
6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30
different peptides.

{80276] The optirourn amount of cach peptide to be included in the vaccine or immunogenic
composition and the optimum dosing regimen can be determined by one skilied in the art without
undue experimentation. For exarple, the peptide or ifs variant may be prepared for intravenous
{i.v.) wjection, sub-cutancous (s.c.} injection, intradermal (1.d.) injection, infraperitoneal (ip.)
injection, intramuscular {i.n.) injection. Preferred methods of peptide injection inchude s.¢, 1.d.,
ip., Lm,, and v, Preferred methods of DNA injection include 1.d., 1.m,, s.¢, 1.p. and i.v. For
example, doses of between 1 and 500 mg 50 pg and 1.5 mg, preferably 10 ug to 500 pg, of
peptide or BNA may be given and can depend from the respective peptide or DNA. Doses of
this range were successfully used in previous trials (Brunsvig P F, et al, Cancer Immunel
Immunother. 2006; SS{12}: 1553~ 1564; M. Stachler, ot al., ASCO mecting 2007; Abstract No
30173 Other methods of administration of the vaccine or immunogenic composition are known
to those skilled in the art.

(862771 In one embodiment of the present mmvention the different tumor specific neoantigenic
peptides and/or polypeptides are selected for use in the ncoplasia vaccine or Immunoegenic
composition so as to maximize the hkelihood of generating an tmmuone attack against the
neoplasia/tumor of the patient. Without being bound by theory, it is believed that the inclusion
of a diversity of tumor specific ncoantigenic peptides can generate a broad scale imroune atfack
against a neoplasia/tumsor.  In oune embodiment, the selected tumor specific neoantigenic
peptides/polypeptides are encoded by mussense mutations. In a second erabodirent, the selected

tumeor specific neoantigenic peptides/polypeptides are encoded by a combmnation of missense
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routations and ncoORF wutations.  In a thud cmbodiment, the sclected tumor specific
neoantigenic peptides/polypeptides are encoded by neoORF mutations.

{B0278] In one ecmbodiment m which the selected tumor specific  neoantigenic
peptides/polypeptides are encoded by missense mutations, the peptides and/or polypeptides are
chosen based on their capability to associate with the particular MHC molecules of the patient.
Peptides/polypeptides derived from neoORF mutations can also be selected on the basis of their
capability to associate with the particular MHC molecules of the patient, but can also be selected
even if not predicted to associate with the particular MHC melecules of the patient.

{B3279]  The vaccine or immmnogenic composition is capable of raising a specific cytotoxic T-
cells response and/or a specific helper T-cell vesponse.

{B028¢] The vaccine or immunogenic composition can further comprise an adjuvant and/or a
carricr. Exaraples of useful adjuvants and carriers are given herein herein, The peptides and/or
polypeptides in the composition can be associated with a carrier such as, ¢.g., a protein or an
antigen-presenting cell such as e.g. a dendritic cell (DC) capable of presenting the peptide to a
T-cell.

{00281] Adjuvants are any substance whose admixture into the vaccine or Immunogenic
composition creases of otherwise wodifies the fmroune respouse to the mutant peptide.
Carriers are scaffold structures, for example a polypeptide or a polysaccharide, to which the
neoantigenic peptides, is capable of being associated.  Optionally, adjuvants are conjugated
covalently or non-covalently to the peptides or polypeptides of the invention.

{60282  The ability of an adjuvant to increase the immunc response to an antigen is typically
manifested by a significant increase in immune-mediated reaction, or reduction in disease
symptoms.  For example, an increase in humoral immunity s typically manifested by a
significant jucrease i the fiter of antibodies raised to the antigen, and an iucrease i T-cell
activity 18 typically manifested in increased celi proliferation, or cellular cytotoxicity, or cytoking
secretion. An adjuvant maay also alter an jvomune response, for example, by changing a privoarly
humoral or ThZ respouse into a primanily cellular, or Thi response.

{60283} Suntsble adiuvants include, but are not hmited to 1018 ISS, aluminum salts,
Amplivax, ASIS, BCG, COP-870,883, CpG7909, CyaA, dSLIM, OGM-CSE, 36, IC31,
Imiquimod, fmuFact IMP321, IS Patch, IS5, ISCOMATRIX, Juvimmune, LipoVac, MF359,
monophosphoryl lipid A, Montarade IMS 1312, Mountanide ISA 206, Montanide 1SA SOV,
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Mountanide ISA-ST, OK-432, OM-174, OM-197-MP-EC, ONTAK, PEPTEL. vector system,
PLG microparticles, resiquimod, SRL172, Virgsomes and other Virus-like particles, YF-1703,
VEGF trap, R848, beta-glucan, Pam3Cys, Aquila’s QS21 stimulon (Aquila Biotech, Worcester,
Mass., USA) which is derived from saponin, mycobacierial extracts and synthetic bactenial cell
wall mainics, and other proprictary adjuvants such as Ribt's Detox. Quil or Superfos. Several
immunological adpuvants (e.g., MES9) specific for dendritic cells and their preparation have been
described previously (Pupuis M, et al,, Cell Immunol. 1998; 186(1}): 18-27; Allison A C; Dev
Biol Stand. 1998; 92:3-11). Also cytokines may be used. Several eytolaues have been divectly
{inked to influencing dendritic cell migration to lymphoid tissues {e.g., TNF-alpha), accelerating
the waturation of dendritic cells into efficient antigen-presenting cells for T-lvmphocytes {e.g.,
M-CSF, IE-1 and HL-4) (US. Pat. No. 5,849,589, specifically incorporated herein by
reference 1n is entirety) and acting as immmunoadjuvants {e.g., IL-12) (Gabrilovich D, et al, J
Immunother Emphasis Tumor Immunel. 1996 (61:414-418).

{B0284]  Toll like receptors (TLRs) may alse be used as adjuvants, and are important racmbers
of the family of pattern recognition receptors (PRRs) which recognize couserved motifs shared
by many micro-organisms, termed “‘pathopgen-assoctated molecular patterns” (PAMPS).
Recognition of these “davger sigoals” activates roultiple elements of the mnate and adaptive
immune system. TERs are expressed by cells of the innate and adaptive immune systems such
as dendritic cells (BCs), macrophages, T and B cells, mast cclls, and granulocytes and arce
localized in different cellular compartments, such as the plasma membrane, lysosomes,
endosomes, and endolysosomes. Different TLRs recognize distinct PAMPS. For example, TLR4
is activated by LPS contained in bacterial cell walls, TLRY is activated by unmethylated bacterial
or viral CpG BNA, and TLR3 is activated by double stranded RNA. TLR ligand binding leads
to the activation of one or more ontracclular signaling pathways, uliimately resulting i the
production of many key molecules associated with inflammation and immunity (particularly the
transcription factor NF-xB and the Type-l interferons). TLR woediated DO activation leads to
enhanced DU activation, phagocyiosis, upregunlation of activation and co-stimulation markers
such as CDRO, CDR3, and CDES, expression of CCRT allowing migration of DC to draining
lyrmuph nodes and facilitating antigen presentation to T cells, as well as increased secretion of
cytokines such as type I interferons, TL-12, and IL-6. All of these downstream ovents are critical

for the induction of an adaptive wmune response,
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{B0285]  Among the most promusing cancer vaceine or imnunogenic composition adjuvants
currently in clinical development are the TLRY agonist CpG and the synthetic double-stranded
RNA (dsRNA) TLRS higand poly-ICLC. In prechinical studies poly-ICLC appears to be the most
potent TLR adjuvant when compared to LPS and CpG due to its induction of pro-inflammatory
cytokines and lack of stimulation of IL-10, as well as maintenance of high levels of co-
stimmulatory molecules in DCUs1. Furthermore, poly-ICLC was recently directly compared to CpG
in non-human primates {rhesus macaques) as adjuvant for a protein vaccine orf Immunogenic
composition consisting of human papilorsavirus (HPV)16  capsomers (Stahl-Heonnig C,
Eisenblatter M, Jasny E, et al. Synthetic double-stranded RNAs are adjuvants for the induction of
T helper 1 and humoral immune responses to human papilomavirus in rhesus macaques. PLoS
pathogens. Apr 2009;5(4)).

{80286]  Cp(G mmmuno stimulatory oligomucleotides have also been reported to enhance the
effects of adjuvants in a vaccine or immnunogenic composition seiting. Without being bound by
theory, CpG oligonucieotides act by activating the innate (non- adaptive) fmmune system via
Toll-like receptors (TLR), mamly TLRS. CpG triggered TLRY activation cnhances antfigen-
specific humoral and cellular responses to a wide variety of antigens, including peptide or
protein antigens, live or killed viruses, dendritic cell vaccines, autologous celhular vaccines and
polysaccharide conjugates in both prophylactic and therapeutic vaccings. More importantly, it
cuhances dendritic coll maturation and differentiation, resulting in enhanced activation of Thi
cells and strong cytotoxic T- lymphocyte (UTL) generation, even in the absence of CD4 T-cell
help, The Thi bias induced by TLRY stiraulation is maintained cven in the presence of vaccine
adpavants such as alum or incomplete Freund’s adjuvant (IFA) that normally promote a Th2 bias.
CpG oligonucleotides show coven greater adjuvant activity when formulated or co-administered
with other adjuvants or in formulations such as microparticles, nano particles, lipid emulsions or
similar formulations, which are especially necessary for inducing a strong response when the
antigen 1s relatively weak. They also accelerate the immune response and enabled the antigen
doses to be reduced by approximately two orders of wagotfude, with corparable antibody
responses to the full-dose vaccine without CpG in sorne experiments {Arthur M. Krieg, Nature
Reviews, Drug Discovery, 5, Jun. 20006, 471-4843. U.S. Pat. No. 6,406,705 Bl describes the
combined use of CpG oligonucleotides, non-nucleie acid adjuvants and an antigen to induce an

antigen- specific rovoune response. A commercially avalable CpG TLRY anfagowist s dSLIM
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{double Stern Loop Immunomodulator) by Mologen (Berlin, GERMANY), which is a preferred
component of the pharmaceutical composition of the present invention. Other TLR binding
molecules such as RNA binding TLR 7, TER § and/or TER 9 may also be used.

{B8287]  Other examples of useful adjuvants include, but are not limited to, chemically
modified CpGs (e.g. CpR, Idera), Polw{LCie.g. polyt:CI2U}, non-CpG bacterial DNA or RNA
as well as immunocactive small molecules and antibodies such as cyclophosphamide, sunitinib,
bevacizumab, celebrex, NUX-4016, sildenafil, tadalafil, vardenafil, sorafinib, X1L-999, CP-
347632, pazopamb, £D2171, AZD2171, wpilimumab, tremelimumab, and SCSBI7S, which may
act therapeutically and/or as an adjuvant. The amounts and concentrations of adjuvants and
additives useful n the context of the present invention can readily be determined by the skilled
artisan without undue experimentation. Additional adjuvants include colony- stimulating factors,
such as Granulocyte Macrophage Colony Stimulating Factor (GM-CSF, sargramostint}.

{BG3288]  Poly-ICLC is a synthetically prepared double-stranded RNA consisting of polyt and
polyC strands of average length of about S000 nucleotides, which has been stabilized to thermal
denaturation and  hydrolysis by scrum  nucleases by the addittion of polylysine and
carboxymethylcellulose.  The compound activates TLR3 and the RNA helicase-domain of
MDAS, both members of the PAMP family, leading to DC and natural killer (NI cell activation
and production of a “natural mix” of type { interferons, cytokines, and chemokines. Furthermore,
poly-ICLC exerts a more direct, broad host-targeted anti-infectious and possibly antitumor effect
mediated by the two IFN-inducible nuclear enzyme systems, the 2°5"-0AS and the P1/elF2a
kinase, also known as the PKR (4-6), as well as RIG-1 helicase and MDAS,

{(328%] I rodents and non-human primates, poly-ICLC was shown to enhance T cell
responses to viral antigens, cross-priming, and the induction of tumor-, virus-, and autoantigen-
specific CDR+ T-cells, Tn 4 recent study wn von-human primates, poly-ICLC was found to be
essential for the generation of antibody responses and T-cell immunity to DC targeted or non-
targeted HIV Gag p24 protemn, emphasizing s effectiveness as a vaccine adjuvant,

{(3298]  In human subjects, transcriptional analysis of sertal whole blood samples revealed
simpilar gene cxpression profiles among the § healthy hurnan volunteers receiving one single s.c.
administration of poly-ICLC and differential expression of up to 212 genes between these 8
subjects versus 4 subjects receiving placebo. Remarkably, coraparison of the poly-ICLC gene

expression data to previcus data from volunteers tmmunized with the highly effective yellow
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fever vaccine YF17D showed that a large number of trauscriptional and signal transduction
canonical pathways, including those of the innate immune system, were similarly upregulated at
peak time points.

{B3291] More recently, an immunologic analysis was reported on patients with ovarian,
faliopian tube, and primary peritoneal cancer in second or third coraplete clinical remission who
were treated on a phase 1 study of subcutancous vaccination with synthetic overlapping long
peptides (OLP} from the cancer testis antigen NY-ESO-1 alone or with Montanide-ISA-31, or
with 1.4 wg poly-ICLC and Montarude.  The generation of NY-ESO-1-specific CD4+ and
CDE+ Tecell and antibody responses were markedly enhanced with the addition of poly-ICLC
and Montauide compared to OLP aloune or OLP and Moutanide.

{86292] A vaccine or immunogenic composition according to the present invention way
comprisc more than one different adjuvant.  Furthermore, the invention cncompasses a
therapeutic composition comprising any adjuvant substance including any of those herein
discussed. It 1s also conternplated that the peptide or polypeptide, and the adjuvant can be
admnistered separately in any appropriate sequence,

{80293] A carrier may be present independently of an adpuvant.  The carrier may be
covalently linked to the anfigen. A carvier can also be added to the antigen by inserting DNA
encoding the carrier in frame with DNA encoding the antigen. The function of a carrier can for
example be to confer stability, to increase the bislogical activity, or to increase scrurn half-life.
Extension of the half-life can belp o reduce the number of applications and to lower doses, thas
are beneficial for therapeutic but also cconomic reasons. Furthermore, a carrier may aid
preseuting peptides to T-cells. The carrier may be any suitable carrier known to the person
skilled in the art, for example a protein or an antigen presenting cell. A carrier protein could be
but 1s not limted to keyhole hmpet hewocyanm, seram proteins such as transforrin, bovine
serum albumin, human serum albumin, thyroglobulin or ovalbumin, immunoglobulins, or
hotroones, such as nsubn or palmitic acid. For fmroundzation of humans, the carmier may be a
physiologically acceptable carrier acceptable to humans and safe. However, tetanus toxoid
and/or diptheria toxotd are suitable carricrs in one embodiment of the 1vention.  Alternatively,
the carrier may be dextrans for example sepharose.

{80294]  Cytotoxic T-celis (CTLs) recognize an antigen in the form of a peptide bound to an

MHC molecule rather than the otact foreign antigen tself. The MHC molecule uself 1s located
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at the cell surface of an antigen presenting cell. Thus, an activation of CTLs s only possible if a
trimeric conmplex of peptide antigen, MHC molecule, and APC is present. Correspondingly, it
may ernthance the immmune response if not only the peptide 1s used for activation of CTLs, but if
additionally APCs with the respective MHC molecule are added.  Therefore, in some
cmbodiments the vaccine or fmaunogenic composition according to the present invention
additionally contains at least one antigen presenting cell.

{80295]  The antigen-presenting cell {(or stimulator cell) typically has an MHC class T or il
molecule on its surface, and in one embodiment 13 substantiaily incapable of iself loading the
MHC class | or i molecule with the selected antigen. As is described in more detail herein, the
MHC class Tor I molecule maay readily be loaded with the selected antigen in vitro.

{86296] CD8+ cell activity may be augmented through the use of CD4+ cells. The
identification of CD4 T+ cell epitopes for turnor antigens has attracted interest because many
immune based therapies against cancer may be more effective if both CDBR+ and CD4+ T
iyraphocytes are used to target g patient’s tumor. CD4+ cells are capable of enhancing CDE T
cell respounses. Many studies in animal wodels have clearly derooustrated better results when
both CD4+ and CDE&+ T cells participate in anti-tumor responses {see e.g., Nishimura et al
{1999} Distinet role of antigen-specific T helper type 1 {TH1) and Th2 cells in tumor eradication
in vive. I Ex Med 190:617-27). Universal CB4+ T cell epitopes have been identified that are
applicable to developing therapics against different types of cancer {sce ¢.g., Kobayashi et al.
(2008} Current Opinton in Immunology 20:221-273. For example, an HLA-DR restricted helper
peptide from tetanus toxoid was used 1n melanoma vaccines to activate CD4+ T cells non-
specifically {see ec.g., Slinghuff et al. (2007) humunoclogic and Clinical Outcomes of a
Randomired Phase H Trial of Two Multipeptide Vaccines for Melanoma in the Adjuvant Setting,
Chnteal Cancer Research 13(213:6386-95). It is conteruplated within the scope of the invention
that such CD4+ cells may be applicable at three levels that vary in their tumor specificity: 1) a
broad level w which universal T4+ epitopes {e.g., tetanus toxoid) may be used to augment
CDR+ cells; 2) an intermediate level in which native, tumor-associated CD4+ epitopes may be
used to augrment CDR+ cells; and 3} a patient specific level in which necantigen CD4+ optiopes
may be used to augment CD8+ cells in a patient specific manner.

{80297] CD8+ cell nmmunity may also be generated with neoantigen loaded dendritic cell

{(BC) vaccine. DCs are potent antigen-presenting cells that imtiate T cell fmomunity and can be
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used as cancer vaccines when loaded with one or more peptides of wierest, for exaraple, by
direct peptide injection. For example, paticnts that were newly diagnosed with metastatic
melanoma were shown to be immunized against 3 HLA-A*0201-restricted gpl100 melanoma
antigen-derived peptides with autologous peptide pulsed CD40L/IFN-g-activated mature DCs
via an IL-12p70-producing patient DC vaccine {see ¢.g., Carreno et al (2013} L-12p70-producing
patient DU vaccine elicits Tel-polarized immunity, Joursal of Chnical Investigation,
123{8):3383-94 and Ali ot al. (2009} In situ regulation of DC subsets and T cells mediates tumor
regression in mice, Cancer Forounotherapy, 181 1-10). It is contemplated within the scope of
the invention that neoantigen loaded DCs may be prepared using the synthetic TLR 3 agonist
Polvinosinic-Polyeytidylic Acid-poly-L-lysine Carboxymethylccliulose (Poly-ICLE) to stimulate
the DCs. Poly-HCLC s a potent individual matoration stimulus for human DCs as assessed by an
upregulation of CDE3 and CDS6, nduction of interleukin-12 (IL-12), tumor necrosis factor
{TNF}, interferon gamma-induced protein 18 (IP-10), interieukin 1 (IL-1), and type 1 interferons
{(IFN}, and minimal interleukin 106 (JL-10) production. DCs may be differentiated from froze
peripheral blood movonuclear cells (PBMCs) obtained by leukapheresis, while PBMCs may be
isolated by Ficoll gradient centrifugation and frozen in aliquots.

166298]  Wustratively, the following 7 day activation protocol may be used. Day 1—PBMUCs
arc thawed and plated onto tissue culture flasks to select for monocytes which adhere to the
plastic surface after 1-2 hr incubation at 37°C m the tissue culture incubator. After incubation,
the lymphocytes are washed off and the adherent monocytes are cultured for S days in the
presence of mterieukin-4 (IL-4) and granulocyte macrophage-colony stiraulating factor {(GM-
{CSF) to differentiate to immature DCs. On Bay 6, immatore DCs are pulsed with the kevhole
{impet hemocyanin (KLH) protein which serves as a control for the quality of the vaccine and
roay boost the iamunogenicity of the vaccine. The DCs are stimulated to mature, loaded with
peptide antigens, and incubated overnight. On Day 7, the cells are washed, and frozen in 1 mi
aliquots containing 4-20 x 10(8) cells using a controlled-rate freezer. Lot release testing for the
batches of I3Cs may be performed to meet minimum specifications before the DCs are mjected
into paticnts (sec o.g., Sabado ct al. (2013} Preparation of tumor antigen-loaded mature dendritic
cells for immunotherapy, J. Vis Exp. Aag 1,{78}. dot: 13.3791/50085).

{80299] A DC vaccine may be mcorporated into a scaffold system to facilitate delivery to a

patient.  Therapeutic freatment of a patients neoplasia with g DC vaccine may utilize a
v
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biomaterial systero that releases factors that recruit host dendritic cells wmto the deviee,
differentiates the resident, immature DCs by locally presenting adjuvants {e.g., danger signals)
while relcasing antigen, and promotes the relesse of activated, antigen loaded DCs to the lymph
nodes {or desired site of action) where the DCs may ioteract with T cells to generate a potent
cytotoxic T lymphocyte response to the cancer neoantigens. Implantable biomaternials may be
used to generate a potent cytotoxic T lyraphocyte response against a neoplasia in a patient
specific manner. The biomaterial-resident dendritic cells may then be activated by exposing
thera to danger sigoals mirmicking iofection, in concert with release of antigen from the
biomaterial. The activated dendritic cells then migrate from the biomaterials to lymph nodes to
induce a cytotoxic T effector response. This approach has previeusly been deroonsirated to lead
to regression of established melanoma in preclinical studies using a lysate preparved from tumor
biopsies {se¢ ¢.g., Al ot al. (2209) In situ regulation of DU subscts and T cells mediates tumor
regression in mice, Cancer Immunotherapy TR 1-100 Al et al. (2009) Infection-mimicking
raterials to program dendritic cells in situ. Nat Mater 8:151-8), and such a vaccine is currently
being tested 1 a Phase T clinical tnial vecently initiated at the Dava-Farber Cancer Institute. This
approach has alse been shown to lead to regression of glioblastoma, as well as the induction of a
potent memory response to prevent relapse, using the €6 rat ghoma model24 w the curvent
proposal. The ability of such an implantable, biomatrix vaccine delivery scaffold to amplify and
sustain  tumor spectfic dendritic cell activation may lead to more robust anti-tumor
immunoesensitization than can be achieved by traditional subcutaneous or intra-nodal vaccine
adnunistrations.

{(3308]  Preferably, the antigen presenting cells are dendritic cells.  Suitably, the deudritic
cells are autologous dendritic cells that are pulsed with the neoantigenic peptide. The peptide
roay be any suitable peptide that gives rise to an appropriate T-cell respouse. T-cell therapy
using autologous dendritic cells pulsed with peptides from a tumor associated antigen is
disclosed in Murphy et al. {1996} The Prostate 29, 371-380 and Tjua et al. (1997) The Prostate
32,272-278.

{B0381] Thus, in one cmbodiment of the present nvention the vaccinge of HNIMUROEeRic
composition containing at least one antigen presenting cell is pulsed or loaded with one or more
peptides of the present mvention.  Altematively, peripheral blood monornuclear celis (FBMCs)

isolated from a patient may be loaded with peptides ex vivo and ingected back nto the paticot,
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As an alternative the antigen presenting cell comprises an expression counstruct cncoding a
peptide of the present invention. The polynuclectide may be any suitable polynucieotide and it is
preferred that it 1s capable of transducing the dendritic cell, thus resulting in the presentation of g
peptide and 1nduction of immunity.

{#0302] The wnventive pharmaccutical composition may be compiled so that the selection,
number and/or amount of peptides present in the composition is/are tissue, cancer, and/or
patient-specific.  For instance, the exact sclection of peptides can be guided by expression
patterns of the parent proteins w & given tissue to avoid side effects. The selection way be
dependent on the specific type of cancer, the status of the discase, earlier treatment regimens, the

mmune status of the patient, and, of course, the HLA-haplotype of the paticut. Furtherroore, the

componcents, according to personal needs of the particular patient. Examples include varying the
amounts of peptides according to the expression of the related neoantigen in the particular
patient, unwanted side-cffects duc to personal allergies or other treatruents, and adjustments for
secondary treatrments following a first round or scheme of treatment.

{60383] Pharmaceutical compositions comprising the peptide of the invention may be
adminustered to an individual already suffering from cancer.  In therapeutic applications,
compositions arc admimnistered to a patient in an amount sufficient to elicit an effective CTL
response to the tumor antigen and to cure or at least partially arrest symptoms and/or
complications. An amount adequate to accomplish this is defined as “therapeutically effective
dose.” Armounts effective for this use can depend on, ¢.g., the peptide composition, the manner
of administration, the stage and severity of the disease being treated, the weight and general state
of health of the patient, and the judgment of the prescribing physician, but generally range for the
fnitial iarounization (that is for therapeutic or prophylactic adrnistration) from about 1.0 pg to
about 50,000 ug of peptide for a 70 kg patient, followed by boosting dosages or from about 1.0
pg to about 10,000 ug of peptide porsuant to a boosting regitaen over weeks to months
depending upon the patient’s response and condition and possibly by measuring specific CTL
activity in the patient’s blood. It should be kept in mind that the peptide and compositions of the
present invention may generally be eraployed in serious discase states, that is, life-threatening or
potentially life threatening situations, especially when the cancer has metastasized.  For

therapeutic use, adminisiration should begin as soon as possible after the detection or surgical
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revooval of tumors, This s followed by boosting doses until at least symptoms are substantially
abated and for a period thereafter,

{60384] The pharmoaccutical compositions {¢.g., vaccine compositions) for therapeutic
treatment are intended for parenteral, topical, nasal, oral or local administration. Preferably, the
pharmaceutical compositions are adnunistered parcnteraily, e.g., mtravenously, subcutancously,
intradermaily, or intramuscularly. The compositions may be administered at the site of surgical
excision to induce a local immune response to the tumor, The invention provides compositions
for parenteral admunisiration which compnse a solution of the peptides and vaccine or
immunogenic compositions are dissolved or suspended in an acceptable carrier, preferably an
aqueous carrier. A vanety of aqueous carricrs may be used, e.g., water, buffered water, 0.9%
saline, 4.3% glycine, hyaluronic acid and the Hike. These compositions may be sterilized by
conventional, well known sterilization techrniques, or may be sterile filtered. The resulting
aqueous solutions may be packaged for use as is, or Iyophilized, the iyophilized preparation
being corabined with a stertle solution prior to adminustration. The compositions may cortain
pharmaceutically acceptable awnliary substances as requived to approximate physiological
conditions, such as pH adjusting and buffering agents, tonicity adjusting agents, wetting agents
and the like, for example, sodium acetate, sodium lactate, sodium chloride, potassium chionde,
calcium chloride, sorbitan monolaurate, tricthanolamine oleate, ctc.

{B0305] A lposome suspension containing a peptide may be administered mtravenously,
locally, topically, etc. in a dose which varies according to, inter alia, the wmanner of
adnunistration, the peptide being delivered, and the stage of the discase being treated.  For
targeting to the immune cells, a Higand, such as, c.g., antibodies or fragments thereof specific for
cell surface determinants of the desired immune system cells, can be incorporated into the
liposome.

{80386 For solid compositions, conventional or nanoparticle nontoxic solid carriers may be
used which mclude, for example, pharmaceutical grades of wanmiol, lactose, starch, magnesium
stearate, sodium saccharin, talcum, cellulose, glucose, sucrose, magnesiom carbonate, and the
itke. For oral administration, a pharmaccutically acceptable nontoxic composition is formed by
incorporating any of the normally employed excipicuts, such as those carriers previously listed,
and gencrally 10-95% of active ingredient, that 1s, one or more peptides of the invention, and

maore preferably at a concentration of 25%-75%.
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{30387] For acrosol admunistration, the jomunogenic peptides are preferably supphied i
finely divided form along with a surfactant and propellant. Typical percentages of peptides are
0.01 %-20% by weight, preferably 1%-10%. The surfactant can, of course, be nontoxie, and
preferably soluble in the propellant. Representative of such agents are the esters or partial esters
of fatty acids containing from 6 to 22 carbon atoms, such as caproic, octanote, lauric, palmitic,
stearie, linoleic, hinolenic, olesteric and oleic acids with an aliphatic polyhydric alcobol or s
cyclic anhydride. Mixed esters, such as mixed or natural glycerides may be employed. The
surfactant may coustitute 8.1%-20% by weight of the composition, preferably 0.25-5%. The
balance of the compeosition 1s ordinartly propellant. A carrier can alse be included as desired, as
with, ¢.g., lecithun for intranasal delivery.

{B03¢8] The peplides and polypeptides of the invention can be readily synthesized chemically
utilizing reagents that are free of contaminating bacterial or animal substances (Merrifield RB:
Solid phase peptide synthesis. § The synthesis of a tetrapeptide. . Am. Chem. Soc. 85:2149-54,
1963},

{30389] The pephides and polypeptides of the invention can also be expressed by a vector,

e.g., a micleic acid molecule as hercin-discussed, e.g., RNA or a DNA plasmid, a viral vector

g2

such as a poxvirus, e.g., orthopox virus, avipox viras, or adenovirus, AAV or lentivirus., This
approach involves the use of a vector to express nucleotide sequences that encode the peptide of
the mvention. Upon introduction into an acutely or chronically infected host or inte a
noninfected host, the vector expresses the immunogenic peptide, and thereby elicits a host CTL
FCSPORSC.

{$3318]  For therapeutic or immunization purposes, nucleic acids encoding the peptide of the
invention and optionally one or more of the peptides described herein can also be administered to
the patient. A number of methods are convendently used to deliver the noclewe acids o the
patient. For instance, the nucleic acid can be delivered directly, as “naked DNA”. This approach
is described, for nstance, n Wolff et al., Scicnce 247 1465-1468 (1990) as well as US, Patent
Nos. 5,580,859 and 5,589,466, The nucleic acids can also be administered using ballistic
delivery as described, for instance, in US. Patent No. 5,204,253, Particles comprised solely of
DNA can be administered.  Alternatively, DNA can be adbered to particles, such as gold
particles. Generally, a plasnid for g vaceine or immunological composition can comprise DNA

encoding an antigen {e.g., one or more neoantigens) operatively hinked to regulatory sequences
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which control expression or expression and secretion of the antigen from a host cell, eg., a
mammalian cell; for instance, from upstream to downstream, DNA for a promoter, such as a
marmmalian virus promoter {¢.g., 2 CMV promoter such as an h(CMV or mCMYV promoter, e.g.,
an ecarly-intermediate promoter, or an SV40 promoter--sce documents cited or incorporated
hercin for usctul promoters), BNA for a cukarvotic leader peptide for scerction {e.g., tissuc
plasminogen activator), BNA for the necantigen{s), and DNA encoding a terminator {e.g., the ¥’
UTR transcriptional terminator from the gene encoding Bovine Growth Hormone or bGH
polyA). A composition can contain more than one plasmid or vector, whereby cach vector
contains and cxpresses a different ncoantigen. Mention is also made of Wasmoen U.S. Pat. No.
5,848,303, and Dale US, Pat. No. 5,811,104, whose text may be useful. BNA or DNA plasmd
formulations can be formulated with or inside cationic Hpids; and, as to cationie lipids, as well as
adjuvants, mention is also made of Loosmore U.S, Patent Application 2003/0104008. Also,
teachings it Audonnet U.S. Pat. Nos. 6,228,846 and 6,159,477 may be relied upon for DNA
plasmoid teachings that can be cmployed in constructing and using DNA plasmids that contain
and eXpress i vivo.

{80311}  The nucleic acids can also be delivered complexed to cationic compounds, such as
cationic lipids.  Lipid-mediated gene delivery methods are described, for instance, in
WO006/18372; WO 1993/24640; Mannino & Gould-Fogerite , BioTechniques 6(7): 682-691
{(1988); UL, Patent No. 5,279,833; WO 1991/06309; and Feigner ¢t al, Proc. Natl. Acad. Sci
USA R4: 7413-7414 (1987}

{60312] RNA encoding the peptide of interest {(c.g., mRNA) can also be used for delivery
{see, ¢.g., Kiken et al, 2011, Su et al | 2011; sce also US 8278036; Halabi et al. J Clin Oncol
{2003} 21:1232-1237; Petsch et al, Nature Biotechnology 2012 Bec 7;30(1211210-6).

{#6313]  Information couvcerning poxviruses that may be used w the practice of the invention,
such as Chordopoxviringe subfamily poxviruses (poxviruses of vertebrates), for instance,
orthopoxviruses and avipoxviruses, ¢.g., vaccinia virus {e.g., Wyeth Strain, WR Strain {c.g.,
ATCC®R VR-1354), Copenhagen Strain, NYVAC, NYVAC.L, NYVAC.Z, MVA, MVA-BN),
canarypox virus {e.g., Wheatley €93 Strain, ALVAC), fowlpox virus {c.g., FP9 Strain, Webster
Strain, TROVAC), dovepox, pigeonpox, quailpox, and raccoon pox, inter afia, synthetic or non-
naturally occurring recombinants thereof, uses thercof, and methods for making and using such

recombinants may be found wn scicutific and patent hierature, such as:
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= US Patents Nos. 4,603,112, 4,769,330, 5,110,587, 5,174,993, 5,364,773, 5,762,938,
5,494,807, 5,766,597, 7,767,449, 6,780,407, 6,537,504, 6,265,189, 6,214,353, 6,130,066,
6,004,777, 5,990,001, 5,942,235, 5,833,975, 5,766,597, 5,756,101, 7,045,313, 6,780,417,
8,470,508, 8,372,622, 8,268,329, R,26R,325, 8,236,560, 8,163,293, 7,964,398, 7,964,396,
7,964,395, 7,939,086, 7,923,017, 7,897,156, 7,892,533, 7,628,980, 7,459,270, 7,445,924,
7,384,644, 7,335,364, 7,189,536, 7.097.842, 6,913,752, 6,761,893, 6,682,743, 5,770,212,
5,766,882, and 5,989,562, and

»  Panicaly, B Proc. Natl, Acad. Sci. 1982; 79; 4927-493, Panicali 3. Proc. Natl. Acad. Sai.
1983; BO(17): 5364-%, Mackett, M. Proc. Natl. Acad. Sci. 1982; 79: 7415-7419, Smith
(GL. Proc. Natl. Acad. Sci. 1983, 83(23): 7155-9, Smith GL. Nature 1983; 302: 494-5,
Sullivan V. Gen. Vir. 1987, 68: 25387-08, Perkus M Journal of Lenkocyie Biology 1995;
58:1-13, Yilma TD. Vaccine 1989; 7: 484-485, Brochier B. Nature 1991; 354: 520-22,
Wiktor, TJ. Proc. Natl Acd. Sci. 1984, 81: 71948, Rupprecht, CE. Proc. Natl Acd. Sci.
1986; 83: 7947-50, Poulet, H Vaccine 2007; 25(July: 5606-12, Weyer J. Vaccine 2009,
27(Novy: 7198-201, Buller, RM Nature 1985; 317(6040 813-5, Buller RM. J. Virol
1988; 62(31:866-74, Flexner, C. Nature 1987; 330(6145): 259-62, Shida, H. J. Virol
1988, 62(12) 4474-80, Kotwal, GI. I Virvol. 1989; 63(2): 600-0, Chnld, SI. Virology
1990; 174(2y 625-9, Mayr A, Zentralbl Bakteriol 1978; 167(5,6) 375-9, Antoine G.
Virology., 1998; 244(2): 365-96, Wyatt, LS. Virology 1998; 251(2): 334-42, Sanche, MC.
3. Virol, 2002; 76(16); 8313-34, Gallego-Gomez, JC. I Virol, 2003; 77(19); 10606-22},
Gocbel SI. Virology 1990; (a,b) 179: 247-66, Tartagha, 1. Virol. 1992; 188{(1y 217-32,
Najera JL. J. Virol 2006; 80(12): 6033-47, Naijera, JL.. 1. Virol. 2006; R0: 6(33-6047,
Gomez, CE. J. Gen. Virol, 2007; 88: 2473-7K, Moo, P. Jour. Of Virol, 2008; 82: 2975-
2988, Gomez, CH. Curr. Gene Ther, 2011 11 189-217, Cox, W. Virology 1993; 195:
845-50, Perkus, M. Jour. Of Leukocyte Biology 1995; 58 1-13, Blanchard 1J. J Gen
Virology 1998; 79(5): 1159-67, Amara R. Science 2001, 292: 69-74, Hel, 2., 1L
Immunel. 2001; 167: 7180-9, Gherardi MM. 1. Virol 2003; 77: 7048-37, Didierlaurent,
A. Vaccine 2004; 22: 3395-3403, Bissht H. Proc. Nat. Aca. Sci. 2004; 101: 6641-4¢,
McCurdy LH. Clin. Inf. Dis 2004; 38: 1749-53, Earl PL. Nature 2004; 428: 182-85, Chen
£ Viroll 2005; 79: 2678-2688, Najera JL. J. Virol 2006; 80¢(12): 6033-47, Nam JH.
Acta, Virol, 2007, S1: 125-380, Autonis AF. Vaccine 2007; 25: 4818-4827.8B Weyer 1
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Vaccine 2007, 25: 4213-22, Ferrier-Rembert A, Vaccine 2008; 26{14): 1794-804, Corbett
M. Proc. Natl. Acad. Sci. 2008; 105(6}; 2046-51, Kautman HL ., J. Clin. Oncel. 2004; 22:
2122-32, Amato, RJ. Clin. Cancer Res. 2008; 14(22): 7504-10, Dreicer R, Invest New
Prugs 2009; 27(4): 379-86, Kantoft PW J. Clin. Oncol. 20180, 2§, 1099-1105, Amato R1L
J. Clin. Can. Res. 2010, 16(22): 5539-47, Kim, DW. Hum. Vaccine, 2010; 6; 784-791,
Oudard, S. Cancer Immunol. Immunother. 2011, 60; 261-71, Wyatt, LS. Aids Res. Hum.
Retroviruses. 2004; 20: 645-53, Gomez, CE. Virus Rescarch 2004, 105 11-22, Webster,
DP. Proc. Natl. Acad. Sci, 2005; 102 4836-4, Huoang, X. Vaccme 2007, 25: BR74-84,
Gomez, CE. Vaccine 2007a; 25: 2863-85, Estechan M. Hum. Vaccing 20009; 5. 867-871,
Gomer, CE. Curr. Geoe therapy 2008; B(2): 97-120, Whelan, KT. Plos one 2009; 461
5834, Scriba, TI. Eur. Jour. Immuno, 2010; 40(1): 279-84, Corbett, M. Proc. Natl, Acad.
Sci. 2008; 105 2046-2051, Midgley, CM. J. Gen. Virol. 2008; 89: 200297 Von
Krempelhuber, A. Vaccine 2010; 28: 1209-16, Perreau, M. J. Of Virel 2011; Oct: 9854~
62, Pantaleo, G. Curr Opin HIV-AIDS, 20140; 5: 391-396,
cach of which s incorporated herein by reference.
180314}  As to adenovirus vectors uscful in the practice of the invention, mention is made of
US Patent No. 6,955,808, The adenovirus vector used can be selected from the group cousisting
of the AdS5, Ad335, Adll, €6, and C7 vectors. The sequence of the Adenovirus 5 ("AdS") genome
has been published. (Chroboczek, I, Bicher, F., and Jacrot, B. (1992) The Scquence of the
Genome of Adenovirus Type S and {ts Comparison with the Genome of Adenovirus Type 2,
Virology 186, 280-28S; the contents if which is hereby incorporated by reference). Ad35 vectors
are described in US. Pat. Nos. 6,574,695, 6,913,922, and 6,869,794, Adl} vectors are described
n b1.S. Pat. No. 6,913,922, €6 adenovirus vectors are described in 118, Pat. Nos. 6,780,407,
6,537,594, 6,309,647, 6,265,189, 6,156,567, 6,090,393, 5,942,235 and 5,833,975, {7 vectors are
described in U.S. Pat. No. 6,277,538, Adenovirus vectors that are El-defective or deleted, E3-
defective or deleted, and/or Ed-defective or deleted may also be used. Certain adenoviruses
having mutations in the E1 region have improved safety margin becaunse El-defective adenovirus
routants are replication-defective in non-permuissive cells, or, at the very least, are highly
attenmated.  Adenoviruses having mutations in the E3 region may have evhanced the
immunogenicity by distupting the mechaniste whereby adenovirus down-regnlates MHC class |

molecules. Adenoviruses having B4 wutations may bhave reduced immunogenicity of the
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adenovirus vector because of suppression of late gene expression. Such vectors may be
particularty useful when repeated re-vaccination utilizing the same vector 18 desired. Adenovirus
vectors that are deleted or mutated in El, E3, B4, El and E3, and El and E4 can be used in
accordance with the present invention. Furthermore, “gutliess” adenovirus vectors, in which all
viral genes are delcted, can also be used in accordance with the present invention. Such vectors
require a helper viras for thetr replication and require a special bursan 293 cell line expressing
both Ela and Cre, a condition that does not exist in natural environment. Such "gutless” vectors
are non~-immnunoegenic and thus the vectors may be inoculated multiple times for re-vaccination.
The "gutless” adenovirus vectors can be used for msertion of heterologous inserts/genes such as
the transgenes of the present mvention, and can even be used for co-delivery of a large number
of heterologous inseris/genes.
{B0315]  As to lentivirus vector systems useful in the practice of the invention, mention is
made of US Patents Nos. 6428953, 6163782, 6013516, 5994136, 63120682, and 7,19%,784, and
documents cited therem,
{80316] With regard to AAV vectors useful 1o the practice of the mvention, mention is made
of US Patent Nos. 5658785, 7115391, 7172893, 69353690, 6936466, 6924128, 68938635,
73926, 6337540, 6475769 and 6238595, and documents cited therein.
(#8317} Another vector is BCG (Bacille Calmette Guerin). BOG vectors are described in
Stover et al. {(Nature 351:456-460 (1991)). A wide variety of other vectors useful for therapeutic
administration or unmunization of the peptides of the invention, ¢.g., Salmonella typhi vectors
and the like, is apparent to those skilled in the art from the description herein,
{BG318]  Vectors can be administered so as to have in vivo expression and response akin to
doscs and/or responses elicited by antigen administration
{#0319] A preferred weans of admumstering nucleie acids encoding the peptide of the
invention uses minigene constructs encoding multiple epitopes. To create a DNA sequence
encoding the selected CTL epitopes {minigene) for expression wn human cells, the amine acid
sequences of the epitopes are reverse translated. A human codon usage table is used to guide the
codon choice for cach amino acid. These cpitope-cncoding DNA sequences are directly
adjoined, creating a continunous polypeptide sequence.  To optimize expression and/or
immunogenicity, additional elements can be incorporated into the minigene design. Examples of

amino acid sequence that could be reverse translated and included n the minigene sequence
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mclude: helper T lyrophocyte, epitopes, a leader (signal) sequence, and an endoplasmic
reticulum retention signal. In addition, MHC presentation of UTL epitopes may be improved by
including synthetic {c.g. poly-alanine) or naturally- occurring flanking sequences adjacent to the
CTL epttopes.

{#8328] The minigene sequence 18 converted to DNA by assembling oligonucleotides that
encode the plus and minus strands of the minigene. Overlapping oligonucleotides (30-100 bases
long) are synthesized, phosphorylated, purified and annealed under appropriate conditions using
well known technigques. The ends of the oligonucleotides are jomed using T4 DNA ligase. This
synthetic minigene, encoding the CTL epitope polypeptide, can then cloned into a desired
EXPTession vector,

{80321} Standard regulatory sequences well known to those of skili in the art are included in
the vector to ensure expression in the target cells.  Several vector clements are required: a
promoter with a downe-sirean cloning site for minigene insertion; a polyvadenylation signal for
ctficient franscription terromationy an B, colt origin of replication; and an E. colt selectable
marker {e.g. arpicillin or kanamycin resistance). Numerous prowoters can be used for this
purpese, ¢.¢., the human cytomegalovirus (hCMV} promoter. See, U.S. Patent Nos. 5,580,839
and 5,589,466 tor other suitable promoter sequences,

{#3322]  Additional vector modifications may be desired to optimize minigene expression and
immunogenicity.  In some cases, infrons are required for efficiont gene expression, and one or
more synthetic or naturally-occurring introns could be incorporated into the transcribed region of
the minigene. The inclusion of mRNA stabilization sequences can also be considered for
increasing minigene expression. It has recently been proposed that immuno stimulatory
sequences (ISSs or CpGs) play a role in the mmmunogenicity of DNA’ vaccines.  These
sequences could be included in the vector, outside the minigene coding sequence, i found to
enhance immunoegenicity.

{B0323]  In some embodiments, a bicistronic expression vector, to allow production of the
minigene-encoded  cpitopes and a sccond protein included to enbance or decrease
immunogenicity can be used.  Examples of proteins or polypeptides that could beneficially
eohance the immune response if co-expressed inchide cytokines {e.g., ILZ, IL12, GM-CSH),
cytokine-inducing molecules {e.g. LelF}) or costimulatory molecules. Helper (HTL) epitopes

could be joined to intraceltular targeting sigunals and expressed separately from the CTL epitopes.

oo
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This would allow direction of the HTL epitopes to a cell compariment different than the CTL
epttopes. I required, this could facilitate more efficient entry of HTL epitopes into the MHC
class I pathway, thereby improving CTL induction.  In contrast to CTL mduction, specifically
decreasing the immune response by co~-expression of immunosuppressive molecules {e.g. TGF-
B} raay be beneficial in certain discases.

{86324] Once an expression vector 18 selected, the minigene is cloned into the polylinker
region downstream of the promoter. This plasmid is transformed into an appropriate E. coli
strain, and DNA 1s prepared using standard techniques. The orientation and DNA sequence of
the minigene, as well as all other elements included in the vector, are confirmed using restriction
mapping and DNA sequence analysis.  Bacterial cells bharboring the correct plasmid can be
stored as a master cell bank and a working cell bank.

{60325]  Purificd plasmid DNA can be prepared for injection using a varicty of formulations.
The simplest of these is reconstitution of lvophilized DNA in sterile phosphate-buffer saline
{PBS). A variety of methods have been described, and new techniques may become available.
As noted herewn, nucleic acids are convenicotly formulated with cationic hipids.  In addition,
glycolipids, fusogenic Hposomes, peptides and compounds referred to collectively as protective,
interactive, non-condensing (PINC) could alse be complexed to purified plasmid DNA to
influence variables such as stability, intramuscular dispersion, or trafficking to specific organs or
cell types.

{80326]  Target cell sensitization can be used as a functional assay for expression and MHC
class T presentation of minigene-encoded CTL epttopes. The plasimid DNA is introduced mio a
mammalian cell line that is suitable as a target for standard CTE chromium release assays. The
transfection method used is dependent on the final formulation. Electroporation can be used for
“paked” DINA, whereas cationic hpds allow divect in vitvo trausfection. A plasmid expressing
green fluorescent protein {GFP) can be co-transfected to allow enrichment of transfected celis
using fluorescence activated cell sorting (FACUS). These cells are then chromium-51 labeled and
used as target cells for epitope- specific UTL hnes.  Cytolysis, detected by 51 Cr release,
indicates production of MHC presentation of maini gene-cncoded CTL epitopes.

863271  In vivo immunogenicity is a second approach for functional testing of minigene DNA
formulations. Transgenic mice expressing appropriate buman MHC molecules are immunized

with the DNA product. The dose and route of administration are formulation dependent (e.g.
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IM for DNA 1o PBS, IP for hipid-complexed DNA). Twenty-one days after tmununization,
splenocytes are harvested and restimulated for 1 week in the presence of peptides encoding each
epttope being tested. These cffector cells (CTLs) are assayed for cytolysis of peptide-loaded,
chromium-51 labeled target cells using standard techniques. Lysis of target cells sensitized by
MHC loading of peptides corresponding to minigene-encoded epitopes demonstrates DNA
vaccine function for tn vivo induction of CTLs.

{B0328] Peptides may be used to ehicit CTL ex vivo, as well. The resulting CTL, can be used
to treat chrone tumors w patients in need thereof that do not respond to other conventional forms
of therapy, or docs not respond to a peptide vaccine approach of therapy. Ex vive CTL
responses to 4 particolar furoor anfigen are induced by imcubating n tissue culture the patient’s
CTL precursor cells (CTLp) together with a source of antigen-presenting cells (APC) and the
appropriate peptide.  After an appropriate incubation tirae {typically 1-4 weeks), in which the
CTLp are activated and matare and expand into effector CTL, the cells are infused back uto the
patient, where they destroy their specific target cell (1.e, 8 turor cell). In order to optimize the
o vitro conditions {or the geoeration of specific oytotoxic T cells, the culture of stimulator cells
are maintained in an appropriate serunm-free medium,

[B6329]  Prior to incubation of the stimulator cells with the cells to be activated, e.g., precursor
CDE+ cells, an amount of antigenic peptide is added to the stimulator cell culture, of sufficient
quartity to become loaded onto the human Class 1 molecules to be cxpressed on the surface of
the stimulator cells. In the present tnvention, a sufficient amount of peptide is an amount that
allows about 200, and preferably 200 or more, human Class T MBC molecules loaded with
peptide to be expressed on the surface of cach stimulator cell. Preferably, the stimulator cells are
incubated with >2ug/mi peptide. For example, the stimulator cells are incubates with > 3, 4, 3,
19, 13, or more pg/ral peptide,

{8033¢] Roesting or precursor CD8+ cells are then incubated in culture with the appropriate
stimulator cells for a time period sufficient to activate the CDR+ cells. Preferably, the CDE&+
cells are activated in an antigen- specific manner. The ratio of resting or precarsor CDE+
{effector) cells to stimulator cells may vary from individual to individual and may further depend
upon variables such as the amenability of an individual’s lymphocytes to culturing conditions
and the nature and severity of the discase condition or other condition for which the within-

described treatment modality is used. Preferably, however, the tymphocoyte: stimulator cell ratio
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18 10 the range of about 30: 1 to 300: 1. The effector/stimnulator culture way be maintained for as
long a time as 1S necessary to stimulate a therapeutically uscable or effective number of CDS+
cells.

{#3331] The induction of CTL in vitro requires the specific recognition of peptides that are
bound to allele specific MHC class T molecules on APC. The number of specitic MHU/peptide
complexes per APC is crucial for the stimulation of CTL, particularly in primary immune
responses.  While small amounts of peptide/MHC complexes per cell are sufficient to render a
cell susceptible to lysis by CTL, or to stimulate a sccondary CTL response, the successful
activation of a CTL precursor {(pCTL) during primary response requires a significantly higher
number of MHC/peptide complexes.  Peptide loading of empty major histocompatability
complex molecules on cells allows the tnduction of primary cytotoxic T lymphocyte responses.
{80332]  Since mutant ccll lines do ot exist for every human MHC allele, it is advantageous to
use a technique to remove endogenous MHC- associated peptides fromn the surface of APC,
followed by loading the resulting ermpty MHC molecules with the immunogenic peptides of
interest.  The use of nov-transformed (nouv-turnorigenic), noninfected cells, and preferably,
autologous cells of patients as APC i3 desirable for the design of CTL induction protocols
directed towards development of ex vivo CTL theraptes. This application discloses methods for
stripping the endogenous MHC-associated peptides from the swrface of APC followed by the
ioading of desired peptides.

{B0333F A stable MHC class 1 molecule 18 a trimeric complex formed of the following
clements: 1} a peptide usually of 8 - 10 residues, 2) a transmembrane heavy polymorphic protein
chain which bears the peptide-binding site in its al and a2 domains, and 3} a pon-covalently
associated non-polymorphic hight chain, pZmicroglobuiim. Removing the bound peptides and/or
dissociating the pZmicroglobulin from the complex renders the MHC class T meolecules
nonfunctional and unstable, resulting in rapid degradation. All MHC class { molecules isolated
from PBMCs have endogenous peptides bound to them, Therefore, the first step 1s to remove all
endogenous peptides bound to MHC class 1 molecules on the APC without causing their
degradation before exogenous peptides can be added to them.

{80334] Two possible ways to free up MHC class 1 molecules of bound peptides include
ipwering the culture teraperature from 37°C to 26°C overnight to destablize p2Zmicrogliobulin and

stripping the endogenous peptides from the cell using & wild acid treatment.  The wethods
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release previously bound peptides into the extracellular environment allowing new exogenous
peptides to bind to the empty class | molecules. The cold-temperature incubation method
enables exogenous peptides to bind efficiently to the MHC complex, but requires an overnight
incabation at 26°C which may slow the cell’s metabolic rate. H is also likely that cells not
actively synthesizing MHC molecules {e.g., resting PBMC) would not produce high amounts of
empty surface MHC molecules by the cold temperature procedare.

{80335] Harsh acid stripping involves extraction of the peptides with tnifluorcacetic acid, pH
2, or acid denaturation of the wmmuneaffinuty punified class I-peptide coraplexes. These methods
are not feasible for CTL mduction, since it is important to remove the endogenous peptides while
preserving APC wviability and an ophimal metabolic state which s critical for antigen
presentation. Mild acid solutions of pH 3 such as glycine or citrate -phosphate buffers have been
used to identify endogenous peptides and to identify tumor associated T cell epitopes. The
treatment is especially effective, in that only the MHC class I molecules are destabilized (and
associated peptides released), while other surface antigens reraain intact, including MHC class 1T
roolecules. Most importantly, treatment of cells with the mild acid solutions do not affect the
cell’s viability or metabolic state. The mild acid treatment is rapid since the stripping of the
endogenous peptides occurs in two minutes at 4°C and the APC is ready to perform ifs function
after the appropriate peptides are lpaded. The technique is utilized herein to make peptide-
specific APCs for the generation of primnary antigen- specific CTL.  The resulting APC are
efficient in inducing peptide- specific CDR+ UTL.

{80336]  Activated CD8+ celis may be cffectively separated from the stimulator cells using
one of a variety of kuown methods. For example, monoclonal antibodies specific for the
stimulator cells, for the peptides loaded onto the stimulator cells, or for the CD8+ celis {or a
segment thereofy may be vtilized to bind thewr appropriate complementary higand,  Antibody-
tagged molecules may then be extracted from the stinmilator-effector cell admixture via
appropriate means, ¢.¢., via well-known impnunopreciptiation or iramunoassay rocthods.

{$3337]  Effective, cytotoxic amounts of the activated CD&+ cells can vary between in vitro
and 1 vive uses, as well as with the amount and type of cells that are the ultimate target of these
killer cells. The amount can alse vary depending on the condition of the patient and should be
deterrmined vig consideration of all appropriate factors by the practitioner. Preferably, however,

about 1 X 10° t0 about 1 X 10", more preferably about 1 X 10° to about 1 X 10", and even more
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preferably, about 1 X 107 o about 1 X 10" activated CD8+ cells are ntifized for adult bumans,
compared to about 3 X 10%- 5 X 107 cells used in mice.

{00338]  Preferably, as discussed herein, the activated CDS8+ cells are harvested from the cell
culture prior to adminisiration of the CDR+ cells to the individoal being treated. It is important
to note, however, that unlike other present and proposed treatment modalitics, the present
method uses a cell culture system that is not tumorigenic. Therefore, if complete separation of
stinulator cells and activated CDE+ cells are not achieved, there is no inherent danger known to
be associated with the administration of g small number of stimulator cells, whereas
administration of mammalian tumor-promoting cells may be extremely hazardous.

{#6339] Moethods of re-mtroducing cellular components are known in the art and include
procedures such as those exemplified in U.S. Patent No. 4,844,893 to Honsik, et al. and US.
Patent No. 4,690,915 to Rosenberg. For cxample, administration of activated CDE+ cells via
intravenous infusion is appropriate.

{#0348] The practice of the present invention ocmploys, unless otherwise indicated,
conventional techniques of molecular biology (including recombinant techuiques), microbiclogy,
cell biclogy, biochemistry and immunclogy, which are well within the purview of the skilied
artisan.  Such techmques are explained fully 1o the hterature, such as, “Molecular Cloning: A
Laboratory Manual”, second ecdition {(Sambrook, 1989); “Oliponuclectide Synthesis” {Gait,
1984); “Animal Cell Cubture” (Freshney, 1987y “Mcthods in Enzymology” “Handbook of
Experimental Immunology” (Wet, 1996); “Gene Transfer Vectors for Mammalian Celis” (Miller
and Calos, 1987); “Current Protocols in Molecular Biology” {Ausubel, 1987y, “PCR: The
Polymerase Chain Reaction”, (Mullis, 1994}, “Current Protocols in lmmunslogy”™ (Coligan,
1991}, These techniques arc applicable to the production of the polynucleotides and
polypeptides of the mvention, and, as such, may be considered 1o making and practicing the
invention. Particularly uscful techniques for particular embodiments are discussed in the

sections that follow.
Therapeutic Methods

{86341] The present inveution provides methods of inducing a neoplasia/tumor specific

HHITING response in 4 subject, vaceinating against a ncoplasia/turnor, treating and or alleviating a
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symptom of cavcer in a subject by admunistering the subject a ncoplasia vaccine or a
neoantigenic peptide or composition of the invention and at least one checkpoint inhibitor.
{80342]  In particular, the present fnvention is directed to racthods of treating or proventing a
neoplasia comprising the steps of administering to a subject {a} a uveoplasia vaceine or
immunogenic composition, and (b} at least onc checkpoint inhibitor,

{86343]  According to the mvention, the herein~described neoplasia vaccine or immunogenic
composition may be used for a patient that has been diagnosed as having cancer, or at risk of
developing cancer.

{66344] The described combination of the invention 18 administered in an amount sufficient to

induce a CTL response.
Additional Therapies

{#3345]  The tumor specific neoantigen peptides and pharmaceutical compositions described
hercin can also be admimstered in further corabination with another agent, for example a
therapeutic agent. In certain embodiments, the additional agents can be, but are not lirntted to,
chemotherapeutic agents, anti-angiogenesis agents and agents that reduce immune-suppression.
{66346] The neoplasia vaccine or immunogeme coraposition and one or wore checkpoint
inhibitors can be administered before, during, or after administration of the additional agent. In
cmbodiments, the neoplasia vaccine or imumunogenic composition and/or one or more checkpoint
inhibitors are administered before the first administration of the additional agent. In other
embodiments, the neoplasia vaceine or immunogenic corposition and/or one or more checkpoint
inhibitors are administered after the first adminisiration of the additional therapeutic agent {e.g.,
1,2,3,4,5,6,7,8 9,10, 11, 12, 13, 14 days or more). In cmbodiments, the neoplasia vaccine
or immunogenic composition and one or more checkpoint inhibifors are admuinistered
simultancously with the first administration of the additional therapeutic agent.

166347] The thorapeutic agent is for example, a chemotherapeutic or biotherapeutic  agent,
radiation, or immnunotherapy. Any suitable therapeutic treatment for a particular cancer may be
administered.  Examples of chemotherapeutic and biotherapeutic agents include, but are not
limited to, an angiogenesis inhibitor, such ashydroxy angiostatin K1-3, DEL-a-Difluoromethyl-
orntthine, endostatin, fumagtilin, genistein, minocycline, staurosporine, and thalidornide; a DNA

intercalfor/cross-tinker, such as  Bleomycem, Carboplating Carousting,  Chilorambucil,
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Cyclophosphamide, cis-Diavormneplatinum(ily dichlonde (Cisplating, Melphalan, Muoxantrone,
and Oxallpiatm a DINA synthesis inhibitor, such as (£)-Amethopterin (Methotrexate), 3-Amino-
A-benzotriazine 1, 4-dioxide, Aminopterin, Cytosine -D-arabinoturanoside, S-Fluoro-S'-
deoxyuridine, S-Fluorouractl, Ganciclovir, Hydroxyurea, and Mitomycin ) a DNA-RNA
transcription regulator, such as Actinomycin D, Daunorubicin, Doxorubicin, Homoharringtonine,
and Idarabicin; an enzyme inhibitor, such as S(+)}-Camptothecin, Curcumin, {-3-Deguelin, 5,6-
Dichlorobenzimidazole 1-B-D-ribofuranoside, Etoposide, Formestane, Fostriecin, Hispidin, 2-
Imine-~1-imidazoli-dineacctic acid (Cyclocreatine), Mevinohn, Trichostatin A, Tyrphostin AG
34, and Tyrphostin AG 879; a gene regulator, such as 5-Aza-2'-deoxyeytidine, 5-Azacytidine,
Cholecaletferol (Vitamun D3), 4-Hydroxytamoxifen, Melatonin, Mifepristone, Raloxifene, all
trans-Retinal (Vitamin A aldehyde), Retinotc acid all frans (Vitamin A acid), 9-cis-Retinoic
Acid, 13-cis-Retinoie acid, Retinol (Vitanmun A, Tamoxifen, and Troglitazone; a roicrotubule
inhibitor, such as Colchicine, docetaxel, Dolastatin 15, Nocodazole, Paclitaxel, Podophyliotoxin,
Rhizoxin, Vinblastine, Vincristine, Vindesine, and Vinorelbine (Navelbiney; and an unclassified
therapentic  agent,  such  as  17-{Allylamino)-17-derocthoxygeldanamycin,  4-Arno-1,8-
naphthalimide, Apigenin, Brefeldin A, Cimetidine, Dichloromethyiene-diphosphonic acid,
Leuprolide {(Leuprorehn), Luteimzing Hormone-Releasing Hormone, Pifithrin-g, Raparoyein,
Sex hormone-binding globulin, Thapsigargin, and Urinary trypsin inhibitor fragment (Bikunin).
The therapeutic agent may be altretamine, amifostine, asparaginase, capecitabine, cladribine,
cisapride, cytarabine, dacarbazine {(DTIC), dactinomycin, dronabinol, epoetin alpha, filgrastim,
fludarabine, gemcitabine, granisctron, ifosfamude, irmotecan, lansoprazole, levarmisole,
feucovorin, megestrol, mesna, metoclopramide, mitotane, omeprazole, ondansetron, pilocarpineg,
prochloroperazine, or topotecan hydrochloride. The therapeutic agent may be a monoclonal
antibody such as rvitwomab (Rituxan®), aleratuzomab (Campath®), Bevacizomab {Avastin®),
Cetuximab (Erbitux®}, panitumumab (Vectibix®), and trastuzumab (Herceptin®), YVemurafenib
{(Zelboraf®) wmatimb  mesylate  (Gleevee®), erlotinib  (Tarceva®), gefitinib  (Tressa®),
Vismodegib (Hrivedge™), 90Y-ibritumomab tiuxetan, 131i-tositumomab, ado-trastuzamab
cotansine, lapatinib  (Tykerb®), pertuzumab  (Perjeta™),  ado-trastuzurnab  emtansine
{Kadcyia™), regorafemb (Stivarga®), sumitinib (Sutent®), Denosumab (Xgeva®), sorafenib
{(Nexavar®), pazopanib (Vorient®), axitib  (Inlyta®), dasatimb  (Sprycel®), nilotinub

{Tasigna®}, bosutinib {Bosulif®), ofatumumab (Arzerma®}, obinutuzamab (Gazyva™), ibrutinib
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{Fabruvica™), delalisth (Zydelig®), crizotinib (Xalkori®), erlotiob (Tarceva®), afatimb
dimaleate (Gilotrif®), ceritinib (LDK378/Zykadia), Tosttumomab and 131I<ositumomab
{Bexxar®), ibritumomab tiuxetan (Zevalin®), brentuximaab vedotin {Adceetris®), bortezomib
{Velcade®),  siltuximab  (Sylvant™), trametinib  (Mekinist®}, dabrafenib  {Tafinlar®),
perabrolizumab (Keytrada®),  carfilzormib  (Kyprols®),  Ramucirumab  {Cyramza™),
Cabozantinib {Cometrig™), vandetanib {(Caprelsa®), Optionally, the therapeutic agent s a
neoantigen. The therapeutic agent may be a cytokine such as interferons {INFs), interleukins
{ILs}, or hematopoictic growth factors. The therapeutic agent may be INF-u, 1L-2, Aldesleukan,
{L-2, Erythropoietin, Granulocyte-macrophage colony-stimulating factor {(GM-CSF} or
grarulocyte colony-stimulating factor. The therapeutic agent may be a targeted therapy such as
toremifene  (Fareston®), fulvestrant (Faslodex®), anastrozole {Arimidex®), exemestane
{Aromasin®), letrozole (Femara®), ziv-aflibercept (Zaltrap®), Alitretinoin  {Panretin®),
temasirolimus  {Torisel®), Tretinom (Vesanoid®), dentleukin diftitox (Ontak®), vorinostat
{(Zolinza®), romidepsin (Istodax®), bexarotene (Targretin®), pralatrexate  (Folotyn®),
lenalioroide (Revhmid®), belinostat (Beleodag™), levaliomude {(Reviivoud®), powsalidomude
(Pomalyst®), Cabarzitaxe!l {Jeviana®), cnzalutamide (Xtandi®}, abiraterone acctate (Zytiga®},
radium 223 chloride (Xofigo®), or everohmus (Afimitor®). Aditionally, the therapeutic agent
may be an cpigenetic targeted drug such as HDAC mhibitors, kinase inhibitors, DNA
mcthyltransferase inhibitors, histone demethylase inhibitors, or histone methylation mhubitors.
The epigenctic drugs may be Azacitidine (Vidaza), Decitabine {(Dacogen), Vorinostat (Zolinza),
Romidepsin {Istodax), or Ruxolitintb {(Jakafi}. For prostate cancer treatment, a preferred
chemotherapeutic agent with which aunti- CTLA-4 can be combined is paclitaxel (TAXOL).

{G0348] In certain cmbodiments, the one or more additional agents are one or more anti-
ghucocorticoid-induced tumor necrosis factor family receptor (GITR) agonistic antibodies, GITR
is a costimulatory molecule for T lymphocytes, modulates innate and adaptive immune system
and has been found to participate in a variety of Unmune responses and wflammatory processes,
GITR was originally described by Nocentint et al. after being cloned fromn dexamethasone-
treated murine T cell hybridomas (Nocentind ¢t al. Proc Natl Acad Sci USA 94:6216-
6221.1997). Unlike 2R and CTLA-4, GITR has a very low basal expression on natve CD4+
and CD&+ T cells (Ronchetti ot al. Eur T Immunol 34:613-622. 2004). The observation that

GITR stimuolation has  immunostimulatory effects in vitro and mduced autormmunity in vivo
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prompted the investigation of the antitumor potency of triggering this pathway. A review of
Modulation Of Ctla 4 And Gitr For Cancer Immmnotherapy can be found i Cancer
Immunology and Bnrounotherapy {Avogadri et all Current Topics in Microbiology and
Immunology 344, 28113 Other agents that can contribute to relief of mmune sappression
include checkpoint mubitors targeted at another member of the CD2E/CTLA4 Ig superfanuly
such as BTLA, LAGSE, ICGS, PDLT or KIR (Page et a, Annual Review of Medicine 6327
(2014)). In further additional embodiments, the checkpoint inhibitor is targeted at a member of
the TNFR superfarnily such as CD40, OX40, CDI137, GITR, CD27 or TIM-3. In sorue cases
targeting a checkpoint inhibitor 1s accomplished with an inhibitory antibody or similar molecule.
fn other cases, it is accoraplished with an agonist for the target; examples of this class include the
stimulatory targets 0X40 and GITR.

{80349]  In coertain embodiments, the one or more additional agents are synergistic in that they
increase immunogenicity after treatment.  In one embodiment the additional ageut allows for
iower toxicity and/or lower discomfort due to lower doses of the additional therapeutic agents or
any componenis of the combination therapy described heren. In another embodiment the
additional agent resuits in longer lifespan due to increased cffectiveness of the combination
therapy described herein, Chemotherapeutic treatments that enhance the immunological response
in a patient have been reviewed (Zitvogel et al., Immunological aspects of cancer chemotherapy.
Nat Rev fmmunol. 2008 Jamg8(1):59-73). Addutionally, chemotherapeutic agents can be
administered safely with immunotherapy without inhibiting vaccine specific T-cell responses
{Perez et al,, A new eora m anticancer peptide vaccines. Cancer May 2010). In one crobodiment
the additional agent is administered to increase the efficacy of the corabination therapy described
herein. In one embodiment the additional agent is a chemotherapy treatment. fn one embodiment
low doses of chewotherapy potentiate delayed-type hypersensitivity {(DTH) responses. In one
embodiment the chemotherapy agent targets regunlatory T-cells. In one cmbodiment
cyclophosphamide is the therapeutic agent. In oue cmbodiment c¢yclophosphamide s
administered prior to vaccination. In one embodiment cyclophosphamide is administered as a
single dose betfore vaccination (Walter et al, Multipeptide irarune response to cancer vacoine
IMASG] after single-dose cyclophosphamide associates with longer patient survival, Nature
Medicine; 15:8 2012). In another embodiment, cyclophosphamide 18 admuinistered according to a

metronomic program, where a daily dose is administered for one month (Ghiringhelh et al,,
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Metronomic cyclophosphamide regimen selectively depletes CD4+CD254+ regulatory T cells and
restores T and NK effector functions in end stage cancer patients. Cancer Immunol Immunother
2007 56:641-64R%). In another embodiment taxanes arc administered before vaccination to
enhance T-cell and NK-~cell functions (Zitvogel et al,, 2008}, In another embodiment a low dose
of a cherootherapeutic agent is administered with the combination therapy deseribed herein, In
one embodiment the chemotherapeutic agent is estramustine. In one embodiment the cancer s
hormone resistant prostate cancer. A >50% decrease in serum prostate specific antigen (PSA)
was scen in 8.7% of advanced hormone refractory prostate cancer patients by personalized
vaccination alone, whereas such a decrease was scen in 54% of patients when the personalized
vaccination was combined with a low dose of estramustine (Moh et al., Persovalized peplide
vaceines: A new therapentic modality for cancer. Cancer Sct 2006; 97: 974-976). In another
embodiment ghucocorticoids are not administered with or before the combination therapy
described herein (Zitvogel et al,, 2008). 1u another embodiment glucocorticoids are administered
after the combination therapy deseribed hercin, In another cmbodiment Gemgeitabine is
admnistered before, simultancously, or afier the combination therapy described herein to
enhance the frequency of tumor specific CTL precursors (Zitvogel ot al, 2008}, In another
embodiment S-fluorouracy 1s advomnistered with the combination therapy described herein as
synergistic effects were seen with a peptide based vaccine (Zitvogel et al., 200¥). In another
cmbodiment an inhibitor of Braf, such as Vemurafonib, is used as an additional agent. Braf
inhibition has been shown fo be associated with an increase in melanoma antigen expression and
T-cell infiltrate and a decrease in immunosuppressive cytokines in tumors of treated patients
{Frederick ot al., BRAF inlnbition is associated with enhanced melanoma antigen expression and
a more favorable tumor microenvironment in patients with metastatic melanoma. Clin Cancer
Res. 2013; 19:1225-1231). In another embodiment an inhibitor of tyrosine kinases 1s used as an
additional agent. Inn one embodiment the tyrosine kinase inhibitor is used before vaccination with
the combination therapy described herewn. In one embodiment the tyrosine kinase inhibitor 18
used simultancously with the combination therapy deseribed herein. In another embodiment the
tyrosine kinase inhibitor is used to create & more iumung permissive environment. In another
embodiment the tyrosine kinase inhibitor is sunitinib or imatinib mesylate. It has previously been
shown that favorable outcomes could be achieved with sequential administration of continuous

daily dosing of sunitinib and recombinant vaccine (Farsaci ot al, Consequence of dose
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scheduling of sunttintb on host immune response clements and vaccine combination therapy. lot
§ Cancer; 130: 194&-1958}. Sunitinib has also been shown to reverse type-1 immune suppression
using a daily dose of 50 mg/day (Finke et al, Sunitinib Reverses Type-1 Immune Suppression
and BDecreases T-Regulatory Cells in Renal Cell Carcinoma Patients. Chin Cancer Res
2008:14(20)). In another embodiment targeted therapies arc administered i corabination with
the corbination therapy described herein. Doses of targeted therapies bas been described
previously {Alvarez, Present and future cvolution of advanced breast cancer therapy. Breast
Cancer Research 2010, 12{Suppl 23:51). In another embodiment temozolomide s admnistered
with the combination therapy described hercin. In one cmbodiment temozolomide is
adenistered at 200 my/day for 5 days every fourth week of a combination therapy with the
combination therapy deseribed herein. Results of a similar strategy have been shown to have low
toxicity {Kyte et al., Telomerase Peptide Vaccination Combined with Temozelomide: A Clinical
Trial in Stage IV Melanoma Patients. Clin Cancer Res; 17(13) 2011). In another embodiment the
combination therapy 18 administered with an additional therapeuntic agent that results in
Iymaphopenta, In one embodiment the additional agent is temozolomide. An immung response
cann still be induced under these conditions (Sampson ¢t al.,, Greater chemotherapy-induced
tymphopenia cohances tumor-specific iromune responses that climinate EGFRvIH-expressing
tumor cells in patients with glioblastoma. Neuro-Oncology 13(31:324-333, 201 1),

{#033¢] The herein-described corapositions and methods may be used on patients in need
thereof with any cancer according to the general flow process shown in FIG. 2. Patients in need
thereof may receive a series of priming vaccinations with a mixture of personshized turnor-
specific peptides.  Additionally, over a 4 week period the priming may be followed by two
boosts during a maintenance phase. All vaccinations are subentancously delivered. The vaceine
or iramunogenic composition s evaluated for safety, tolerability, immune respouse and chnical

effect in patients and for feasibility of producing vaccine or immunogenic composition and

T,

swccessfully wmitiating vaccination within an appropriate time frame. The first cohort can counsist
of 5 patients, and after safety s adequately demonstrated, an additional cohort of 10 patients may
be cnrolled. Peripheral blood 1s extensively monttored for peptide-specific T-cell respornses and

patients are followed for up to two years to assess discase recurrence.

Administering combination therapy consistent with standard of care
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{B0351]  In apother aspect, the combination therapy deseribed hevewn provides selecting the
appropriate point to administer the combination therapy in relation to and within the standard of
care for the cancer being treated for a paticnt in need thercof. The studics deseribed herein show
that the combination therapy can be effectively administered even within the standard of care
that includes surgery, radiation, or chemeotherapy. The standards of care for the most common
cancers can  be found on  the  website of  Natiopal Cancer  Institute
{(http//'www.cancer.gov/cancertopics). The standard of care is the current treatment that i
accepted by rocdical experts as a proper treatment for a certamn type of discase and that is widely
used by healthcare professionals. Standard or care 15 also called best practice, standard medical
care, and standard therapy. Standards of Care for cancer generally include surgery, lymph node
removal, radiation, chemotherapy, targeted therapies, antibodies targeting the tumor, and
mmmunotherapy. Imynunotherapy can include checkpoint blockers (CBP), chimeric antigen
receptors (CARs), and adoptive T-cell therapy. The combination therapy described herein can be
incorporated within the standard of care. The combination therapy described herein may also be
adwnistered where the standard of care has changed due to advances in medicine.

{80352] Incorporation of the combination therapy described herein may depend on a treatment
step in the standard of care that can lead to activation of the immune system. Treatment steps that
can activate and function synergistically with the combination therapy have been described
hercin. The therapy can be advantageously adroinistered simultancously or after a treatrment that
activates the immune system.

{80353]  Incorporation of the combination therapy described herein may depend on & treatment
step iu the standard of care that causes the immune system to be suppressed. Such treatment
steps may inchude irradiation, high doses of alkoylating agents and/or methotrexate, steroids such
as ghucosteroids, surgery, such as o remove the lymph nodes, imatimb mesylate, high doses of
TNF, and taxanes (Zitvogel et al,, 2008}, The combination therapy may be administered before
such steps or may be admimstered after.

{#3354]  In oune embodiment the combination therapy may be administered after bone marrow
transplants and peripheral blood stem cell transplantation. Bone marrow transplantation and
peripheral blood stem cell transplantation are procedures that restore stem cells that were
destroyed by high doses of chemotherapy and/or radiation therapy. After being treated with high-

dose anticancer drugs and/or radiation, the patient receives harvested stem cells, which travel fo
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the bone marrow and begin to produce new blood cells. A “muni-transplant” uses lower, less
toxic doses of chemotherapy and/or radiation to prepare the patient for transplant. A “tandem
transplant” involves two sequential courses of high-dose chemotherapy and stem ccll transplant.
in autologous transplants, paticnts receive their own stem cells. In syngeneic transplants, patients
receive stern cells from their identical twin. In allogeneic transplants, patients receive stem cclls
from their brother, sister, or parent. A person who s not related to the patient (ap unrelated
donor} also may be used. In some types of leukemia, the graft-versus-tumor (GV'T) effect that
occurs after allogeneic BMT and PBSCT is crucial to the effectiveness of the treatment. GVT
occurs when white blood cells from the donor (the graft) identify the cancer cells that remain in
the patient’s body after the chemotherapy and/or radiation therapy (the tumor) as foreign and
attack them. umunotherapy with the combination therapy described herein can take advantage
of this by vaccinating after a transplant. Additionally, the transferred cells may be presented with
necantigens of the combination therapy described herein before transplantation.

{B03S5]  In one cmbodiment the combination therapy 1s adnunistered to a patient in need
thercot with a cauncer that requives surgery. fn one ewbodivoent the combination therapy
described herein is administered to a patient in need thercof in a cancer where the standard of
care is privaardy surgery followed by treatment to remove possible micro-metastases, such as
breast cancer. Breast cancer is commonly treated by various combinations of surgery, radiation
therapy, chemotherapy, and hormone therapy based on the stage and grade of the cancer.
Adjuvant therapy for breast cancer is any treatment given after primary therapy to increase the
chance of long-term survival. Neoadjuvant therapy is treatment given before primary therapy.
Adjuvant therapy for breast cancer is any treatraent given after primary therapy to increase the
chance of long-term discase~-free survival, Primary therapy s the main treatment used to reduce
or chiminate the cancer. Privoary therapy for breast cancer usually includes surgery, a
mastectomy {removal of the breast) or a lumpectomy {surgery to remove the tumor and a small
amount of normal tissue around it; a type of breast-conserving surgery). During either type of
surgery, oue or more nearby lyraph nodes are also removed to see if cancer cells have spread to
the lymphatic systemn. When a woman has breast-conserving surgery, primary therapy almost
always includes radiation therapy. Even in carly-stage breast cancer, cells may break away from

the primary tumor and spread to other parts of the body (metastasize). Therefore, doctors give
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adjuvant therapy to kil any cancer cells that may have spread, even if they cannot be detected by
imaging or laboratory tests.
{80356] In one ombodiment the combination therapy is administered consistent with the
standard of care for Ductal carcinoma in sivy (DCIS). The standard of care for this breast cancer
type 18
1. Breast-conserving surgery and radiation therapy with or without tamoxifen.
2. Total mastectony with or without tamoxifen.
3. Breast-conserving surgery without radiation therapy.
{#G387] The combination therapy may be administered before breast conserving surgery or
total mastectomy to shrivk the tumeor before surgery. In another embodiment the combination
therapy can be administered as an adjuvant therapy to remove any remaining cancer cells.
{B0358] In another crobodimaent patients disgnosed with stage L 1L, HHA, and Operable HIC
breast cancer are treated with the combination therapy as described herein. The standard of care
for this breast cancer type is:
1. Local-regional treatmcot:
¢ Breast-conserving therapy (lumpectomy, breast radiation, and surgical staging of the
axilla).
¢ Modified radical mastectomy (removal of the entire breast with level -1l axillary
dissection) with or without breast reconstruction.

+  Sentinel node biopsy.

3]

Adjuvant radiation therapy postmastectomy in axillary node-positive turnors:

s For one to three nodes: unclear role for regional radiation (infra/supraciavicular nodes,
internal mammary nodes, axillary nodes, and chest wall).

« For more than four nodes or extranodal involvement: regional radiation 18 advised.

3. Adjuvant systemic therapy

[60359] 1o onc erobodiruent the combination therapy is administered as a necadjuvant therapy

to shrink the tumor. In another embodiment the combination is administered as an adjuvant

systemiic therapy.

{86368¢] In another crsbodiment patients diagnosed with inoperable stage B or HHC or

inflarnmatory breast cancer are treated with the cornbination therapy as described herein. The

standard of care for this breast cancer type is:
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1. Multimodality therapy delivered with curative wntent is the standard of care for patients
with clinical stage HIB discase.

2. Initial surgery is generally limited to biopsy to poermit the determination of histology,
estrogen-receptor (ER} and progesterone-receptor (PR} levels, and human epidermal growth
factor receptor 2 (HERZ2/neuy overexpression. Initial treatment with anthracycline-based
chemotherapy and/or taxane-based therapy is standard. For patients who respond o neoadjuvant
chemotherapy, local therapy may consist of total mastectomy with axillary fymph node
dissection followed by postoperative radiation therapy to the chest wall and regioval Iyrophatics.
Breast-conserving therapy can be considered in patients with a good partial or complete response
to  neoadjuvant chemotherapy.  Subsequent  systemic  therapy wmay  consist of  further
chemotherapy. Hormoune therapy should be administered to patients whose tumors are ER-
positive or unknown. All paticnts should be considered candidates for chinical trials to evaluate
the most appropriate fashion in which fo administer the various components of multimodality
FegIMens.

{80361} In one cmbodiment the combination therapy 15 administered as part of the various
components of multimodality regimens. In another embodiment the combination therapy is
adiurastered before, simultancously with, or after the multimodality regimens. o another
embodiment the combination therapy is administered based on synergism between the
rodalitics. In another crobodiroent the combination therapy 15 adnunistered after treatment with
anthracychine-based chemotherapy and/or taxane-based therapy (Zitvogel et al, 2008}
Treatment atter administering the corabination therapy may negatively affect dividing effector T-
cells. The combination therapy may also be administered after radiation.
{#3362] In another embodiment the combination therapy described hercin is used in the
treatment in a cancer where the standard of care 18 primartly not surgery and 1s primarily based
on systemic treatments, such as Chronic Lymphocytic Leukemia (CLL).

In another cmbodiment paticuts diagnosed with stage I, I, HIL and IV Chronwe
Lymphocytic Leukemia are treated with the combination therapy as described herein. The
stanidard of care for this cancer type is:

1. Observation in asymptomatic or minimally affected paticnts

3]

Rituximab

3. Ofatgmomab
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4. Oral alloylating agents with or without corticosicroids

Lh

Fludarabine, 2-chlorodeoxyadenosine, or pentostatin

6. Bendamustine

-~

Lenalidomide
8. Combination chemotherapy.
combination chemotherapy regimens include the following:
o Fludarabine plus cyclophosphamide plus rituximab.
o Fludarabine plus ritaroab as seen in the CLB-9712 and CLB-941 1 trials,
o Fludarabine plus cyclophosphamide versus fludarabine plus cyclophosphamide
plus rituximab.
o Peutostatin plus cyclophosphamide phas rituximab as seen in the MAYO-MUG183
trial, for example.
o Ofatomuomab plus fludarabine plus eyclophosphamide.
o CVP: cyclophosphamude plus vineristine plus prednisone.
o CHOP: cyclophosphamide plus doxorubicin plus vineristine plus predmsone.
o Fludarabine plus cyclophosphamide versus fludarabine as scen in the E2997 trial
INCTO(003764] and the LRF-CLLA tral, for example.
o Fludarabine plus chlorambuci! as scen in the CLB-9011 trial, for example.
9. Involved-ficld radiation therapy.
10, Alemituzumab
11. Bone marrow and peripheral stem cell transplantations are under clinical evaluation.
12, Tbrutinib
{#3363] In onc cmbodiment the combination therapy is administered before, simultancously
with or after treatroent with Rituximab or Ofatumomab. As these are monoclonal antibodies that
target B-cells, treatinent with the combination therapy may be synergistic. In another
embaodiment the corabination therapy is administered after treatraent with oral alloylating agents
with or without corticosteroids, and Fludarabine, 2-chlorodeoxyadenosine, or pentostatin, as
these treatments may negatively affect the tmmune systermn if administered before. In one
embodiment bendamustine 1s administered with the combination therapy in low doses based on
the results for prostate cancer described herein, In one embodiment the combination therapy is

administered after treatment with bendarustine.
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Vaccine or Immunogenic Composition Kits and Co-Packaging

[66364] 1o ap aspect, the invention provides ks containing any one or more of the clements
discussed herein to allow adminisiration of the combination therapy. Elements may be provided
ndividually or in combinations, and may be provided 1o any suitable container, such as a vial, a
bottle, or a tube. In some embodiments, the kit imcludes instructions in onc or more languages,
for exarapic in more than one language. In somc cmbodiments, a kit comprises one or more
reagents for use in a process utilizing one or more of the elements described herein. Reagents
ray be provided i any suttabic container. For cxample, a kit may provide one or more delivery
or storage buffers. Reagents may be provided in a form that is usable in a particular process, or
in a form that requires addition of one or more other components before use {(¢.g. in concentrate
or lyophilized form}. A buffer can be any buffer, including but not imited to a sodium carbonate
buffer, a sodium bicarbonate buffer, a borate butter, a Tris buffer, a MOPS buffer, a HEPES
buffer, and combinations thereof. In some embodiments, the buffer is alkaline. In some
embodiments, the buffer has a pH from about 7 to about 10. In some embodiments, the kit
comprises one or more of the vectors, proteins and/or one or more of the polynucleotides
described herein. The kit may advantageously allow the provision of all clements of the systems
of the nvention. Kits can involve vector(s) and/or particle(s} and/or nanoparticle(s) containing
or encoding RNA() for 1-30 or more necauntigen mutations to be administered to an anroal,
mammal, primate, rodent, ctc., with such a kit including mstructions for administering to such a
cukaryote; and such a kit can optionally include any of the anti-cancer ageunts described herein,
The kit may include any of the components above {c.g. vector{s) and/or particle{s} and/or
nanoparticle(sy containing or encoding RNA(s) for 1-50 or more neoantigen mutations,
negantigen proteins or peptides, checkpoint inhibitors) as well as instructions for use with any of
the mothods of the present mvention,

{88365] In one embodiment the kit contains at least one wial with an immunogenic
composition or vaccine and at least one vial with an anticancer agent. In one embodiment kits
may comprise ready to use components that are moixed and ready to administer. In one aspect a
kit contains a ready to use IMNUINOECNIC o vaccine composition and a ready to use anii-cancer
agent. The ready to use romunogenic or vaccinge composition way comprise separate vials
containing different pools of immunogenic compositions. The immunogenic corpositions may

comprise one vial containing a viral vector or DNA plasmud and the other vial may comprise
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immunogenic protein. The ready to use anticancer agent way comprise a cocktail of anticancer
agents or a single anticancer agent. Separate vials may contain different anti-cancer agents. In
another embodiment a kit may contain a ready to use anti-cancer agent and an immMunOgenic
composition or vaccine in a ready to be reconstituted form. The immunogenic or vaccine
composition may be freeze dried or lyophilized. The kit may comprise a separate vial with a
recoustitution buffer that can be added to the lyophilized composition so that it is ready to be
administered.  The buffer may advantageously comprise an adjuvant or emulsion according to
the present wvention. o another erabodiment the kit may comprise a ready to reconstitute anti-
cancer agent and a ready to reconstitute immunogenic composition or vaccine. In this aspect
both may be lyophilized. In this aspect separaie reconstitution buffers for cach may be ncluded
in the kit. The buffer may advantageously comprise an adjuvant or emulsion according to the
present invention. In another embodiment the kit may comprise single vials containing a dose of
immunogenic compostition and anti-cancer agent that are administered together. In another aspect
raultiple vials are included so that one vial 18 administered according to g treatment timeline.
One vial may only contain the anfi-cancer agent for one dose of treatment, another may contain
both the anti-cancer agent and immunogenic composition for another dose of treatment, and one
vial may only contain the immunogenic coraposition for yet another dose. In a further aspect the
vials are labeled for their proper administration to a patient in need thercof. The immunogen or
anti-cancer agents of any embodiment may be in a lyophilized form, a dried form or in aqueous
solution as described herein. The immunogen may be a live attenuated virus, protein, or nucleic
acid as described herein.

{#8366]  In one embodiment the anticancer agent is one that enhances the immune system to
enhance the cffectiveness of the immmunogenic composition or vaccine. In a preferred
cmbodiment the anti-cancer ageot s a checkpoint inhibitor.  In avother embodiment the kit
contains multiple vials of immunogenic compositions and anti-cancer agents to be administered
at different time infervals along a treatment plan.  In another erabodiroent the kit may comprise
separate vials for an immunogenic composition for use in priming an fmmune response and
another immunogenic compostiion to be used for boosting. In one aspect the priming
immunogenic composition could be DINA or a viral vector and the boosting immumogenic

composition may be protein.  Either composition may be lyophilized or ready for administering,
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fn another embodiment different cockiails of anti-cauvcer agents countaining at least ope anti-
cancer agent are included in different vials for administration in a treatment plan,

{80367]  Although the present fnvention and #ts advantages have been described in detail, ¢
should be understood that various changes, substitutions and alterations can be made herein
without departing frorn the spirit and scope of the invention as defined in the appended claims.
{80368] The present invention is further illustrated in the following Examples which are given

for illustration purposes only and are not intended to limit the invention in any way.
Fxamples
Example I

Cancer Vaccine Testing Protocol

{80369] The herein-described compositions and methods may be tested on 15 patients with
high-risk melanoma (fully resected stages 1B, {HC and IVM1a,b} according to the general flow
process shown wn FIG. 2. Patients may receive a series of priming vaccinations with a vowxture of
personalized tumor-specific peptides and poly-ICLC over a 4 week period followed by two
boosts during a mamntenance phase. All vaccimations are subcutancously delivered. The vaccine
or immunogenic composition s evaluated for safety, tolerability, immune respouse and clintcal
effect in patients and for feasibility of producing vaccing or immunogenic composition and
successfully inttiating vaccination within an appropriate time frame. The first cobort can consist
of 5 patients, and after safety is adequately demonstrated, an additional cohort of 10 paticnts roay
be enrolled. Peripheral blood is extensively monitored for peptide-specific T-cell responses and
patients are followed for up to two years o assess discase recurrence.

{B8378]  As described herein, there is a large body of evidence in both animals and bumans
that mutated epitopes are effective i inducing an immunc response and that cases of
spontancous tumor regression or long ferm survival correlate with CDE+ T-cell responses to
mutated epttopes {Buckwalter and Srivastava PK. "It is the antigen(s), stupid” and other lessons
from over g decade of vaccitherapy of human cancer. Serninars n imnunology 20:296-300
{2008}, Karanikas et al, High frequency of cytolytic T lymphocytes directed against a fimor-
specific mutated antigen detectable with HLA totramers in the blood of a lung carcinoma patient
with long survival, Cancer Res. 61:3718-3724 (2001); Lenverz ¢t al, The response of autologous

T cells to a human melanoma is dominated by mutated neocantigens. Proc Natl Acad Sci U S
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A 102:16013 (2005)) and that “tmyouneediting” can be fracked to alterations jo expression of
dominant mutated antigens in mice and man {(Matsushita ¢t al, Cancer exome analysis reveals a
T-cell-dependent mechanism of cancer mmmunocditing Nature 482:400 (2012); DuPage ot al,
Expression of tumor-specific antigens underlies cancer imruumoediting Nature 482:405 (2012);
and Sampson ¢t al, Immunologic escape after prolonged progression-free survival with
eptdermal growth factor receptor variant 1 peptide vaccination in patients with newly diagnosed
glioblastoma J Clin Oncol. 28:4722-4729 (20103}

{80371} Next-geveration sequencing can now rapidly reveal the presence of discrete mutations
such as coding mutations in individual tumors, most commonly single amino acid changes {e.g.,
rossense mutations) and less frequently novel stretches of amino acids gencerated by frame-shift
insertions/deletions/gene fusions, read-through mutations in stop codons, and transiation of
improperty spliced introns {e.g., nooORFs). NeoORFs are particularly valuable as immmunogens
because the entirety of their sequence is completely novel to the immune system and so are
analogous to a viral or bacterial foreign antigen. Thus, neoQORFs: (1) are highly specific to the
turnor {1.e. there s no expression 1o any norroal cellsy; (2) can bypass central tolerance, therehy
increasing the precursor frequency of neoantigen-specific U'TLs.  For example, the power of
atilizing analogous foreign sequences i a therapeutic anti-cancer vaccine was recently
demonstrated with peptides derived from human papilloma virus (HPV). ~50% of the 19 patients
with pre-neoplastic, viral-induced discase who received 3 - 4 vaccinations of a roix of HPV
peptides derived from the viral oncogenes ES and E7 maintained a complete response for 224
months (Kenter ¢t a, Vaccination against HPV-16 Oncoproteins for Vulvar Intracpithelhial
Neoplasia NEIM 3611838 (2009)).

(#8372} Sequencing technology has revealed that each tumor contains mmiltiple, patient-
specific mutations that alier the protein coding countent of a gene. Such mutations create altered
proteins, ranging from single amino acid changes {caused by missense mutations) to addition of
long regions of novel aroino acid sequence due to framne shifts, read-through of termunation
codons or transiation of intron regions (novel open reading frame mutations; neoORFs). These
routated proteins are valuable targets for the host’s famune respounse to the tumor as, unlike
native proteins, they are uwot subject to the mmume-dampening effects of self-tolerance.
Therefore, mutated proteins are more likely to be immunogenic and are also more specific for the

tumeor cells compared to norroal cells of the patient.
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{#6373]  Utihzing recently toproved algorithius for predicting which roissense mutations
create strong binding peptides to the patient’s cognate MHC molecules, a set of peptides
representative of optimal mutated epitopes (both ncoORF and missensey for each patient is
identified and priovitized and up to 20 or more peptides are prepared for immunization (Zhang et
al, Machine learning competition in framunology — Prediction of HLA class | binding peptides ¥
fmmunol Methods 374:1 (2011 Lundegaard et al Prediction of epitopes using neural network
based methods  J Immunol Methods 374:26 (2011})). Peptides ~20-35 amino acids in length is
synthesized because such “long” peptides undergo efficient internalization, processing and cross-
presentation in professional antigen-presenting cells such as dendritic cells, and have been shown
to wduce CTLs 1 burnans (Melief and van der Burg, Immunotherapy of established {pre)
malignant disease by synthetic long peptide vaccines Nature Rev Cancer 8:351 (2008)).

{80374]  In addition to a powerful and specific immunogen, an cffective immune respounse
advantageously includes a strong adjuvant to activate the immune system (Speiser and Romero,
Molecularly defined vaccines for cancer immunotherapy, and protective T cell tmrounity
Sermunars in Immunol 22:144 (2010)). For example, Toll-like receptors {TLRs) have emerged as
powerful sensors of microbial and viral pathogen “danger signals”, effectively inducing the
innate iromune system, and in turn, the adaphive wmune systern (Bhardway and Gojatic, TLR
AGONISTS: Are They Good Adjuvants? Cancer 3. 16:382-391 (20103, Among the TER
agonists, poly-ICLC (8 synthetic double-stranded RNA mimic) is one of the most potent
activators of myeloid-derived dendritic cells. In a human volunteer study, poly-ICLC has been
shown to be safe and to induce a gene expression profile in peripheral blood cells comparable to
that induced by one of the most potent live attenuated viral vaccines, the vellow fever vaceine
YE-170 {Caskey et al, Synthetic double-stranded RNA induces innate immune responses similar
to a tive viral vaccine in hurnans J Exp Med 208:2357 (2011)). Hiltonol®, a GMP preparation of

poly-ICLC prepared by Oncovir, Inc, is utilized as the adjuvant.
Example 2

Tarcet Patient Population

{B0375]  Pationts with stage HIB, HIC and IVMlab, melanoma have a sigmficant nisk of
disease recurrence and death, even with complete surgical resection of disease (Balch et al, Final

Version of 2009 AJCC Mclanoma Staging and Classification I Chin Oncol 27:6199 — 6206
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(2009)).  An available systemic adjovant therapy for this patient population is mterferon-u
(IFNgy which provides a measurable but marginal benefit and is associated with significant,
frequently dose-limiting toxictty (Kirkwood et al, Interferon alfa-2b Adjuvant Therapy of High-
Risk Resected Catancous Melanoma: The Eastern Cooperative Oneology Group Trial EST 1684
J Clin Oncol 14:7-17 (1996); Kirkwood et al , High- and Low-dose Interferon Alpha-2b in High-
Risk Melanoma: First Analysis of Intergroup Trial E1I690/88111/C9190 | Clin Oncol 18:2444
2458 (2000} These patients are not immuno-compromised by previous cancer-directed therapy
or by active cancer and thus represent an excellent patient population 1o which o assess the
safety and tmmunological impact of the vaccine. Finally, current standard of care for these
patients does not mandate any freatment following surgery, thus allowing for the ¥ — 10 week
window for vaccine preparation.

{80376] The target population is cutancous melanorna patients with clinically detectable,
histologically confirmed nodal (local or distant) or 1u transit metastasis, who bave been fully
resected and are free of disease (most of stage B (because of the need to have adeguate tumor
fissue for sequencing and cell hne development, patients with ulcerated primary tomor but
micrometastatic lymph nodes (T1-4b, Nla or N2ay is excluded.), all of stage HIC, and stage
IVMila, b). These may be patients at first diagnosis or at discase recurrence after previous
diagnosis of an cariier stage melanoma.

{#6377]  Tumor harvest: Paticuts can undergo complete resection of their primary melanoma
{(if not already removed) and all regional metastatic disease with the intent of rendering them free
of melanoma. After adequate tumor for pathological assessraent has been harvested, remaining
tumor tissue is placed in sterde media in a sterile container and prepared for disaggregation.
Portions of the tumor tissue s used for whole-exome and transcriptome sequencing and cell Hine
generation and any revoaining furoor is frozen.

{80378] Normal tissue harvest: A normal tissue sample (blood or sputum sample ) is taken for
whole exome sequencing,

{(3379]  Patients with clintcally evident locoregional wetastatic disease or fully resectable
distant nodal, cutancous or lung metastatic disease (but abscuce of unrescctablie distant or
visceral mctastatic discase} is identified and enrolled on the study. Eniry of patients prior to
surgery 18 necessary in order to acquire fresh tumor tissue for melanoma ccll Hne development

{to generate target cells for in vitro oytotoxicity assays as part of the iromune monitoring plan).
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Example 3

Diose and Schedule

{B0388] For patients who have met ali pre-treatment criteria, vaccine administration can
conumnence as soon as possible after the study drug has arrived and has met incoming
specifications.  For cach patient, there s four separate study drugs, cach contaimng 5 of 20
patient-specific peptides.  Immmunizations may generally proceed according to the schedule
shown i FIG. 3.

{80381} Patients are treated in an oufpatient clinic. Immunization on each freatment day can
consist of four | mi subcutaneous mjections, cach into a separate extreroity m order to target
different regions of the lymphatic system to reduce antigenic competition. If the patient has
undergone complete axillary or inguinal lymph node dissection, vaccines are administered into
the right or left midriff as an alternative. Each injection can consist of 1 of the 4 study drags for
that patient and the same study drug is injected into the same extremity for cach cycle. The
composition of cach 1 md injection is:

(.75 mi study drug containing 300 ug cach of 5 patient-specific peptides
0.25 ml (0.5 mg) of 2 mg/mi poly-ICLC (Hiltonol®}

{#6382] Durning the induction/pritaing phase, patients are immunized on days 1, 4, §, 15 and
22, In the maintenance phase, patients can receive booster doses at weeks 12 and 24,

{60383] Blood samples may be obtained at multiple time points: pre- (bascline; two samples
on different days);, day 15 during priming vaccination; four weeks after the induction/priming
vaccination (week &), pre- {week 12} and post- {week 16} first boost; pre- (week 24} and post-
{week 28) second boost 530 — 150 mi blood s collected for cach sample {except week 16). The
primary fmmunoclogical endpoint s at week 16, and hence patients can undergo leukapheresis

{unlcss otherwise indicated based on patient and physician assessment).
Example 4

Immune Monttoring

{#3384] The immunization strategy is a “prime-boost” approach, involving an initial series of
closely spaced immumnizations to induce an immune response followed by a period of rest to

allow memory T-cells to be established. This 1s followed by a booster immunization, and the T-

110



WO 2015/095811 PCT/US2014/071707

cell respounse 4 weeks after this boost 18 expected to generate the strongest response and is the
primary immunoclogical endpoint. Global immunological response is initially monitored using
peripheral blood monomuclear cells frorn this time point inoan 18 hr ox vive ELISPOT assay,
stimulating with a pool of overlapping 15Smer peptides (11 aa overlap) comprising all the
immunizing epitopes.  Pre-vaccination samples are evaluated to establish the baseline response
to this peptide pool.  As warranted, additional PBMC samiples are evaluated to examine the
kinetics of the immune response to the total peptide mix. For patients demonstrating responses
signitficantly above baseline, the pool of all 15mers are de-convoluted to determine which
particular immunizing peptide(s) were tmmunogenic, In addition, a number of additional assays

are conducted on a case-by-case basis for appropriate samples:
& The contire 15mer pool or sub-pools are used as stimulating peptides for
intracellular cytokine staining assays to identify and quantify antigen-specific

CDd4+, CDE+, central mermory and effector mernory populations

® Similarly, these pools are used to evaluate the pattern of cytokines secreted by

these cells to determine the TH1 vs TH2 phenotype

® Extracellular cytokine staining and flow cytometry of unstimulated cells are

used to guantify Treg and myeloid-derived suppressor cells (MDSCY,

® If a melanoma cell Hine 18 successfully established from g responding patient
and the activating epitope can be wdentified, T-cell cytotoxicity assays are

conducted using the mutant and corresponding wild type peptide

® PBMC from the primary fmmunological endpotnt is evaluated for “epitope
spreading” by using known melanoma tumor associated antigens as stivoulants
and by using scveral additional identified nutated epitopes that were not

selected to be amoung the immunogens, as shown i FIG. 4.

[60385] Immuno-lstochemistry of the tamor sarople s conducted to quantify CDd+, CDE+,

MBSC, and Treg infiltrating populations.
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Chinical Efficacy in Patients with Metastatic Discase

{#0386] Vaccine treatment of paticuts with metastatic discase 1s complicated by their need for

an effective therapy for the active cancer and the consequent absence of an off treatment time

window for vaccine preparation.  Furtherroore, these cancer treatmaents may cornproruise the

patient’s immune systers, possibly impeding the induction of an immune response. With these

considerations in mind, settings may be chosen where timing of vaccine preparation fits

temporally with other standard care approaches for the particular patient population and/or where

such standard care is demonstrably compatible with an immunotherapentic approach. There are

two types of settings that may be pursued:

1.

Combination with checkpoint blockade: Checkpoint blockade antibodies have
emerged as an effective immunotherapy for metastatic melanoma (Hodi et al,
fmiproved Survival with Ipilimomab o Pationts with Metastatic Melanoma
NEIM 363:711 — 723 (2010)) and are being actively pursucd in other disease
settings ncluding now-small cell lung cancer (NSCLC) and renal cell
carcinoma {Topalian et al, Safety, Activity, and Immune Correlates of Anti-
PD-1 Antibody 1n Cancer NEIM 366:2443-2454 (2012); Brahmer et al, Safety
and Activity of Anti-PD-L1 Antibody in Patients with Advanced Cancer
NEIM  366:2455-2465(2012)). Although the mechanism of action 18 not
proven, both reversal of rehief from local imwumosuppression and
enhancoment of an inutune response are possible cxplanations. Integrating a
powerful vaceine to initiate an unmune response with checkpoint blockade
antibodies may provide synergies, as observed in multiple animal studies {van
Elsas ot al Cowbination iromunotherapy of B16 meclanoma using anti-
CYtOtoxic T fymphocyte-associated  antigen 4 {CTLA-d)and
gramulocyte/macrophage  colony-stimnulating  factor  (GM-CSF)-producing
vaceines  induces rejection  of  subcutancous and  metastatic  ftumors
accornpanied by autoinmumune depigmentation § Exp Med 190:35- 366 (1999);
Li et al, Anti-programmed death-1 synergizes with granulocyte macrophage

colony-stirnulating factor —secreting turnor cell irmmunotherapy providing
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]

therapeuntic benefit to vowee with established tumors Chin Cancer Res 15:1623
—~ 1634 (2009, Pardeoll, D. M. The blockade of immune checkpoints in cancer
tmrounctherapy Nature Reviews Cancer 12:252 — 264 (2012); Curran ot al,
PD3-1 and CTLA-4 combination blockade expands infiltrating T cells and
reduces regulatory T and myeloid cells within B16 melanoma tumors. Proc
Natl Acad Sci U 8§ A, 2010 Mar 2;107(934275-80; Curran et al. Tumor
vaccines expressing fit3 ligand synergize with ctla-4 blockade to reject
preimplanted tumors, Cancer Res, 2009 Oct 1;,69(19):.7747-55). Patients can
be immediately started on checkpoint blockade therapy while vaccine is being
prepared and once prepared, the vaccine dosing can be integrated with

antibody therapy, as itllustrated in FIG. §; and

%

Combination with standard treatment regimens exhibiting beneficial immune

properties.
8} Renal ccll carcinormna (RCC) patients who present with mctastatic

discase typically undergo surgical de-bulking followed by systermc
treatment, which is commonly with one of the approved tyrosine
lanase inhibitors (TKD) such as sunitinib, pazopanib and soraferub. Of
the approved TKis, sunitinib has been shown to increase THI
responsivencss and decrease Treg and myeloid-derived suppressor
cells {Finke et al, Sunttinib reverses Type-1 immune suppression and
decreases T-regulatory cells in renal cell carcinoma patients  Clin Can
Res 14:6674 - 6682 (2008}, Terme ot al, VEGFA-VEGFR pathway
blockade inhibits tumor-induced regulatory T cell proliferation in
colorectal cancer {Cancer Research Author Manuscript published
Online {2102)).  The ability to tmmediately treat patients with an

approved therapy that does not compromise the immune system

syncrgy with a vaccine therapy.  In addition, cyclophosphamide
(CTX) has been implicated in multiple animal and human studies to

have an inhibitory effect on Treg cells and g single dose of CTX prior
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to a vaccine has been vecently shown o wmprove survival in RCC
patients who responded to the vaccine (Walter ot al, Multipeptide
fmmune response fo a cancer vaccine IMASOD after single-dose
cyclophosphamide associates with longer patient survival Natore
Medicine 18:1254- 1260 (2012)). Both of these imamunc-synergistic
approaches have been utilized in a recently compieted phase 3 study of
a native peptide vaccine in RCC {ClinicalTrials.gov, NCTH1265901
IMASGT in Paticots Receiving Sumitingb for Advanced/Metastatic

Renal Cell Carcinpomay;

b} Alternatively, standard treatment of glicblastoma (GBM) involves

surgery, recovery and follow-up radiation and low dose toemozolomide
{(TMZ) foliowed by a four week rest peried before initiating standard
dose TMZ. This standard treatment provides g window for vaccine
preparation followed by inttiation of vaccination prior to starting
standard dose TMZ. Interestingly, in a study in metastatic melanoma,
peptide vaccmation during standard dose TMZ itreatment tinereased the
measured Immune responsivencss compared to vaccination alone,
suggesting additional synergistic benehit {(Kyte et al, Telomerase
peptide vaccination combined with temorolomide: a clinical trial in

stage IV melanoma patiends Clin Cancer Res 17:4568 (201 1)

Example 6

MNeoantigen Preparation

{B0387] Followwng surgical resection of the tumor, a portion of the turor fissue and a blood
sample 18 transferred immediately to the facility where it 1s assigned a unique identification code
for further tracking. The tumor tissue 18 disaggregated with collagenase and separate portions
are frozen for nucleic acid {INA and RNA)} extraction. The blood sample is immediately
transferred to a facility for nucleic acid extraction. DNA and/or RNA extracted from the tumor
tissue is used for whole-exome sequencing (¢.g., by using the Hlumina HiSeq platform) and to

determine HLA typing information. It is contemplated within the scope of the invention that
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rmssense or neoORF neoantigenic peptides wmay be direetly identified by protein-based
techniques {¢.g., mass spectrometry}.
{B0388] Bioinformatics analysis are conducted as follows. Scquence analysis of the Exome
and RNA — SEQ fast Q files leverage existing bloinformatic pipelines that have been used and
validated extensively in large-scale projects such as the TCGA for many patient saroples {e.g.,
Chapman et al, 2011, Stransky ot al, 2011, Berger et al, 2012}, There are two sequential
categorics of analyses: data processing and cancer genome analysis.
[60388] Data  processing  pipeline: The Picard data  processing  pipeline
{picard.sourceforge.net/) was developed by the Sequencing Platform. Raw data extracted from
{e.g., Wumina) sequencers for cach tumeor and normal sarplc s subjected to the following
processes using various modules in the Picard pipeline:

(1} Data conversion: Raw Hlumina data 1s converted to the standard BAM format

and basic QC metrics pertaining to the distribution of bases exceeding

different quality thresholds are generated.

(iiy  Alignment: The Burrows-Wheeler Alignment Tool (BWA} is used to align

read pairs to the human genome (hgl9).

(1) Mark Duphicates: PCR and optical duplicates are identificd based on read pair

mapping positions and marked in the final BAM file.

(iv}y  Indel Realignment: Reads that align to known insertion and deletion
polymorphic sites in the genome s exarnined and those sites where the log
odds (LOD) score for improverent upon realignment is at least 0.4 is

corrected.

(v} (tuality Recalibration: Original base quality scores reported by the Hlumina
pipeling 1s recahibrated based on the read-cycle, the lane, the flow cell tile, the
basc in guestion and the preceding base. The recalibration assumes that all
mismatches wm non~-dbSNP  positions are due to errors which cnable
recalibration of the probability of error in cach category of interest as the

fraction of mismatches amongst the total number of observations.
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Vi) pality Control: The final BAM file is processed to generate extensive QC
o -

metrics including read quality by cyele, distribution of quality scores,

suromary of alignment and the insert size distribution. Data that fails quality

QC s blacklisted.

(vit} Identity Verification: Orthogonally collected sample genotype data at ~100
known SNP positions are checked against the sequence data to confirm the
wdentity of the sample. A LOD score of > 10 18 used as a threshold for

confirmation of identity. Data that fails identity QC is blacklisted.

(viit} Data Aggregation: All data from the same sample is merged and the mark
duplicates step 18 repeated. Novel target regions containing putative short
insertions and deletion regions are identified and the indel realignment step is

performed at these loci.

(ix}  Local realignment around putative indels in aggregated data: MNovel target
regions containing putative short insertions and deletions are identified and a
focal realignment step is performed at these loci {e.g., using the GATK
ReahgnerTargetCreator and IondelRealigner modules) to cnsure consistency

and correciness of indel calls.

{x} (tuality Control on Aggregated Datar QU metrics such as alignment summary
and insert size distribution 1s recoraputed. Additionally a set of metrics that
evaluate the rate of oxidative damage in the carly steps of the library
constructions process caused by acoustic shearing of DNA in the presence of

reactive contaminaunts from the extraction process are generated.

{66398] The output of Picard s a bam file (i et al, 2009y (see, eog,
hitp://samtools.sourceforge net/SAM 1 pdf) that stores the base sequences, gquality scores, and
alignment details for all reads for the given sample.

180391}  Cancer Mutation Detection Pipeline: Tumor and matched normal bam files from the

Picard pipeline 1s analyzed as deseribed herein:
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b

uality Conirol

{1}, The Capseg program is apphed fo tumor and maiched normal exome
sanmiples to get the copy number profiles. The CopyNumber(QC tool
can then be used to manually inspect the generated profiles and assess
tumor/normal saraple mix-ups. Normal samples that have uoisy
profiles as well as cases where the tumor saraple has lower copy
nurnber vartation thao the corresponding normal is flagged and tracked
through the data generation and analysis pipelines to check for mix-

ups.

{1}  Tumor pority and ploidy is estimated by the ABSOLUTE tool 15
based on Capseg-generated copy number profiles. Very notsy profiles
nright result from sequencing of highly degraded saraples. Ne tumor
murity and ploidy estimates would be possible tn such cases and the

corresponding sample is Hlagged.

(iti}.  ContEst {Cibulskis et al, 2011} 1s used to determine the level of cross-
sample contargination 1o samples. Samples with greater than 4%

contamination is discarded.
Identification of somatic single nucleotide variations (SSNVs)

Somatic base pair substitutions are identified by analyzing tumor and matched
normal bams from a pationt using a Bayesian statistical framework called
muTect {Cibulskis et al, 2013). In the preprocessing step, reads with a
preponderance of low quality bases or mismatches to the genome are filtered
out. Mutect then computes two log-odds {LODY) scores which encapsulate
confidence in presence and absence of the variant in the tumor and normal
samaples respectively. fo the post-processing stage candidate mutations are
filtered by six filters to account for arfifacts of capture, sequencing and

alignracnt:
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Proximal gap: removes false positives that arise due to the presence of
misaligned indels in the vicinity of the event. Samples with > 3 reads
with insertions or deletions in a 11-bp window around the candidate

mutation are rejected.

Poor mapping: discards false positives that arise by virtue of
ambiguous placement of reads in the genome. Rejocts candidates if >
50% reads wn tumor and normal sarples have mapping quality zero or
if there are no reads harboring the mutant alicle with mapping quality

> 20,

Trialleleic sites: discards sttes that are heterozygous in the normal

since these have a tendency to generate many false positives.

Strand  bias: removes false positives caused by context-specific
sequencing orrors where 4 large fraction of reads harboring the
mutation have the same orientation. Rejects candidates where the
strand-specific LOD is < 2 where the sensitivity o pass that threshold

18 2 90%.

Clustered position: rejects false positives due to alignment errors
characterized by the alternative allele oceurring at a fixed distance
fromn the start or end of the read alignment. Rejects if the median
distance from the start and end of the reads are < 10 which implies that
the mutation 18 at the start or end of the alignment, or if the median
absolute deviation of the distances are < 3 which implies that the

mutations are clustered.

Observed in control: discards false positives in the tumor where there
s evidence of occurrence of the alternate allele in the normal sample
beyond what is expected by random sequencing errors.  Rejects if

there are > 2 reads containing the alternate allele in the normal sample
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or if they are in = 3% of the reads, and 1f the sum of their quality

scores are > 20,

in addition to these 6 filters, candidates are compared against a pauel of
normal samples and those that are found to be present as gormiline variants in
two or more normal samples are rejected. The final set of mutations can then
be annotated with the Oncotator tool by several fields including genomic

region, codon, ¢DNA and protein changes.
3. identification of somatic small insertions and deletions

The local realignment output described heren (see “Local realignment aroond
putative indels in aggregated data”, supra) 1s used to predict candidate somatic
and germline indels based on asscssment of reads supporting the variant
exclusively n tumor or both in tumor and normal bams respectively. Further
filtering based on nurnber and distribution of musmatches and base guality
scores are done (McKenna et al, 2010, DePristo et al, 2011). Al indels are
marually inspected using the Integrated Genomics Viewer {Robinson et al,

2011 {www . broadinstitute.org/igv) to ensure high-fidelity calls.
4. Gene fusion detection

The first step 1o the gene fusion detection pipehne is alignment of tumor
RNA-Seq reads to a library of known geune sequences foliowing by
mapping of this alignment to genomic coordinates. The genomic mapping
helps collapse multiple read pairs that map to different transcript variants
that share exons to coromon genomic locations. The DNA aligned bam file
s queried for read pairs where the two ates map to two different coding
regions that are either on different chromosomes or at feast 1 MB apart if
on the same chroroosome. It can also be requived that the paw ends ahgoed
in their respective genes be in the direction consistent with coding--
>eoding 57-> 37 direction of the {putative) fusion mRNA transcript. A list

of gene pairs where there are at least two such ‘chimeric’ read pairs are
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erumerated as the initial putative event Hst subject to further refinement.
Next, all unaligned reads are extracted from the oniginal bam file, with the
additional constraint that thewr mates were originally aligned and map into
one of the genes in the gene pairs obtained as described herein. An attempt
can then be made to align all such originally unaligned reads to the custorn
“reference” built of all possible cxon-exon junctions (full length,

s
3

boundary-to-boundary, i coding 5> direction} between the
discovered gene paws. If one such oviginally unaliguned rvead voaps
{uniguely) onto a junction between an exon of gene X and an exon of gene
Y, and its mate was indeed mapped fo one of the genes X or Y, then such
a read is marked as a “fusion” read. Gene fusion events are called in cases
where there 18 at least one fusion read in correct relative orientation to its
mate, without excessive number of mismatches arcound the exoniexon
junction and with a coverage of at feast 10 bp in cither gene. Gene fusions
between highly homologous genes (ex. HLA family) are likely spurious

and 1s filtered out.
Estimation of clonality

Bioinformatic analysis may be used to estimate clonality of mutations. For
example, the ABSOLUTE algorithm (Carter ot al, 2012, Landan ¢t al, 2013)
may be used to estimate tumor purity, ploidy, absolute copy numbers and
clonality of mutations. Probability density distributions of allelic fractions of
cach mutation is generated followed by conversion to cancer cell fractions
(CCFs) of the nmtations. Mutations are classified as clonal or subclonal based
on whether the posterior probability of their CCF exceeds (.95 s greater or

icsser than 0.5 respectively.
(tuantification of expression

The TopHat suite (Langmead ¢t al, 2009) is used o align RNA-Seq reads for
the tumor and matched normal bams to the hgl9 genome. The quality of

RNA-Seq data is assessed by the RNA-Se(QC (Deluca et al, 2012) package.
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The RSEM tool (Li et al, 2011 can then be used fo estimate gene and
isoform expression levels, The generated reads per kilobase per mitlion and
tau estimates arc used fo priortize neoantigens identified in cach paticnt as

described elsewhere.

:\1

Validation of mutations in RNA-Seq

8. Confirmation of the somatic mutations identified by analysis of whole exome
data as described herein (inchuding single nucleotide variations, small
wsertions and deletions and gene fusions) are asscssed by examining the
corresponding RNA-Seq tumor BAM file of the patient. For cach variant
locus, a power calculation based on the beta-binomual distribution is
performed to ensure that there 13 at least 95% power to detect it in the RNA-
Seq data. A capture identified mutation i1s considered validated if there are at

feast 2 reads harboring the mutation for adequately powered sites.

{86392] Selection of Tumor-Specific Mutation-Containing Epitopes: All missense mutations
and neo{ORFs are analyzed for the presence of nmtation-containing epitopes using the neural-
network based algovithm netMHC, provided and mantained by the Cender for Biological
Sequence Analysis, Technical University of Denmark, Netherlands.,  This family of algorithms
were rated the top epitope prediction algorithms based on a coropetition recently completed
among a series of related approaches (ref). The algorithms were trained using an artificial noural
network based approach on 69 different human HLA A and B alicles covering 99% of the HLA-
A alleles and 87% of the HLA-B alleles found n the Caucasian population, the major ethnic
group in the target patient population in the local arca.  The most up-do-date version 1s utilized
{(v2.4 ).

{80393] The accuracy of the algorithms were evahluated by conducting predictions from
mutations found in CLL patients for whom the HLA allotypes were kvown,  The included
allotypes were ACG10L, A0201, AQ0310, A1101, A2402, A6801, BO7(2Z, BOBOI, BIsOL
Predictions were made for all 9mer and 10 mer peptides spanning cach mutation using

netMHCpan in mid-2011. Based on these predictions, seventy-four {74) 9mer peptides and
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sixty-three (63 10mer peptides, most with predicted affivutios below 300 oM, were synthesized
and the binding affinity was measured using a competitive binding assay {Sette}.
{80394]  The predictions for these peptides were repeated in March 2013 using cach of the
most up fo date versions of the netMHC servers (netMHCpan, netMHC and netMHCcons).
These three algorithms were the top rated algorithras among a group of 20 used in & competition
in 2012 (Zhang et al). The observed binding affinities were then evaluated with respect to cach
of the new predictions. For cach set of predicted and observed values, the % of correct
predictions for cach range is gven, as well as the number of samples. The definmtion for cach
range is as follows:

0 — 150: Predicted to have an affinity equal to or lower than 130 nM and measured to

bave an affinity equal to or lower than 150 nM.

¢ — 150%: Predicted to have an affinity equal to or lower than 150 nM and measured

to have an affinity equal to or lower than 500 oM.

151 — 500 oM: Predicted to have an affinity greater than 150 nM but equal to or
lower than SO0 oM and measured to have an affinity cqual to or below 500

nM.

FN (> 500 nM): False Negatives — Predicted to have an affinity greater than 500 oM

but measured to have an affinity equal to or below 500 nM.

{30393}  For 9mer peptides (Table 1), there was hittle difference between the algorithras, with
the slightly higher value for the 151~ 500 nM range for netMHC cons not judged to be significant

because of the low nuraber of samples.
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Table 1
'''''''''''''''''''''''''''''''''''''''''''' Range ("M} | 9mer PAN | 9mer netMHC | 9mer CONS
76% 78% 785%
, 0-150 {33) (37} {34)
150 91% 89% 8%
, 0-150 {33) (37} {34)
: 50% 50% 62%
: 151-300 { 28) {14) {13)
38% 39% 41%
| FN {>500} (13} (23) (27)
{86396] For 10mer peptides (Table 2), again there was little difference between the algorithms

except that notMHC produced significantly more false positives than netMHCpan or

netMMHCcons. However, the precision of the 10mer predictions ave shightly lower 1o the § -

150 oM and 0 — [50* oM ranges and significantly lower in the 151-500 nM range, compared t©

the Smers.

Table 2

10mer nethiHC

Range {nM} 10mer PAN 10mer CONS

53% 50% 59%
0-150 {19) {16) {17)
0.150* 8% 69% 76%

{19} {16) {17)

35% 42% 35%
151-500 (26) (12) (22)

11% 23% 13%
FN {>500} {18) (35) {23)

{66397]

For 10mers, only predictions in the § —~ 150 oM range s utilized due to the lower thap

50% precision for binders 1 the 151-560 oM range.

{66398]

The vurnber of samples for any individual HLA allele was too small to draw any

conclusions regarding accuracy of the prediction algorithm for different alleles. Data from the

largest avatlable subset (0 — 150% nM; Smer) is shown 1u Table 3 as an exarople.
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Table 3

Allele | Fraction
correct
AQIOL | 272
AD201 L 9/11
AQ301 | 5/S
ATIQL [ 4/4
A2402 (/0
A6R0Y | 34
BO702 | 4/4
BOBOL {1/2

BI15OT [ 2/2

{80399}  Only predictions for HLA A and B alleles are utilized as there is little available data
on which to judge accuracy of predictions for HLA C alleles (Fhang et al).
{(3488]  An covaluation of melanoma sequence information and peptide binding predictions
was conducted using mformation from the TCGA database. Information for 220 melanoras
from different patients revealed that on average there were approximately 450 missense and 5
neoORFs per patient. 20 patients were selected at randorn and the predicted binding atfinitics
were calculated for all the missense and peoORF mutations using netMHC {(Londegaard et al
Prediction of epitopes using neural network based methods J Inrounol Methods 374:26 (201 1)),
As the HLA allotypes were unknown for these patients, the nurmber of predicted binding peptides
per allotype were adjusted based on the frequency of that allotype (Bone Marrow Registry
dataset for the expected affected domivant population in the geographic arca {Caucasian for
melanomal) to gencrate a predicted number of actionable mutant epitopes per patient. For cach
of these routant epitopes (MUT), the corresponding native {(NAT) cpitope binding was also
predicted.
Utilizing the prioritization described herein:

® 90% (18 of 20} of paticents were predicted to have at least 20 peptides

appropriate for vaccination;
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® For nearly a quarter of the patients, ncoORF peptides could constitute half to

all of the 20 peptides;

@ For just over half of the patients, only peptides in categories T and 2 would be
used;

® For 80% of the patients, only peptides 1o categories 1, 2, and 3 would be
aithized.

{B0481]  Thus, there 18 a sufficient number of mutations in melanoma to expect a high

proportion of patients to generate an adequate number of immunogenic peptides.
Example 7

Peptide Production and Formulation

{30402] GMP ncoantigenic peptides for immunization 18 prepared by chemical synthesis
Merrifield RB: Solid phase peptide synthesis. 1. The synthesis of a tetrapeptide. J. Am. Chem.
Soc. 85:2149-54, 1963} in accordance with FDA regulations. Three development runs have been
conducted of 20 ~20-30wer peptides cach. Each run was conduacted in the same facility and
utilized the same equipment as is used for the GMP runs, utilizing draft GMP batch records.
Each run successfully prodoced > 50 mg of cach peptide, which were tested by all currently
planned release tests {e.g., Appearance, ldentify by MS, Purity by RP-HPLC, Content by
Eleraental Nitrogen, and TFA content by RP-HPLC) and met the targeted specification where
appropriate. The products were also produced within the timeframe anticipated for this part of
the process {approximately 4 weeks), The lyophilized bulk peptides were placed on a long term
stability study and is evaluated at vanous time points up to 12 months.

{80443} Material from these runs has been used to test the planned dissolution and mixing
approach. Brietly, cach peptide is dissolved at high concentration (50 mg/rl) in 100% DMSO
and diluted to 2 mg/mi in an agucous solvent. Initially, it was anticipated that PBS would be
used as a diluent, however, a salting out of 4 small number of peptides cansed a visible
cloudiness. DSW (5% dextrose in water) was shown to be much more effective; 37 of 40
peptides were successfully difuted to a clear solution. The only problematic peptides are very

hydrophobic peptides.
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{30484] Table 4 shows the results of solubility cvaluations of 60 potential neoantigen
peptides, sorted based on the calculated fraction of hydrophobic amino acids. As shown, almost
all peptides with g hydrophobic fraction lower than 0.4 are soluble in DMSO/DSW, but a number
of peptides with a hydrophobie fraction greater than or equal to 0.4 were not soluble in
DMSBO/DSW {indicated by red highlighting in the column labeled “Solubility in DMSO/DSW™)
A number of these can be solubilized by addition of succinate {indicated by green highlighting 1o
the colummn “Solubility in DMSO/DSW/Succinate™). 3 of 4 of these peptides had hydrophobic
fractions between (.4 and 8.43. Four peptides became fess soluble upon addition of succinate; 3

of 4 of these peptides had a hydrophobic fraction greater than or equal to 0.45,

Table 4
i SEQUENCES | Sohabil | Solu | pHof | Solub | pHof | pHof Hydro | Hydr | Appr
Hy in - pep- | ility | peptid | peptt b o~ Ox.
DMSQO | bilit | tides | in esin | desin jphobt | philli | Iso-
yin {in DMS | DMS | DMK Heity e electr
DM [ DMS [ O/DS 1 O/DBS | O/DS it
SO/ L O/DS | W/hu | Wism | W/ Point
D5 W ceinat | MS, | 5mM
W ¢ Sucei | Sucet
~-nate | -nate
spike | and
Hilto
nol
CS67 | PPYPYSSPS - -
5 {VLPTEPHT Y 4.11 0.17 1 010 | 786
PKSLQQPGL
PS
CS67 | NPEKYKAK 018 {027 | 945
22 SRSPGSPVY
EGTGSPPK
WOIGEQEF
867 { GTYLGQGTA Y 3.95 ¢1g 012 ] 703
25 SALSQSQER
PPSVNRVPP
SSPSSQE
CS74 { AESAQRGG Y 391 Y 631 1634 1020 {0201 373
16 PNGOGGEQS
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ANEF
€S67 | EPDOEAVO Yy | 365 021 1031 ] 47
10 | SYTYEDCONT
LHLPTERES
PVR
CS67 | LKDSNSWE 021 1031 | 7.95
12 | PSNKRGEDT
EDAHKSNA
TPVP
£867 | GASRRSSAY % 621 o2t | 1126
81 | QGAGSLGL
SEEKTLRSG
GOGP
CS67 | KKBKABKL % 021 | 0.45 | 1031
18 | EKERORHIS
KPLLGGPES
CTTHTGE
CS67 | SPTEPSTKL % 021 | 030 ] 948
20 | PGEDSCGNT
BIAERKIKRI
YGGEK
CS67 | BOGKAFTR v | 168 021 10331 6.14
23 | GSQLTQHQ
GIHISEKSEE
YKECGID
C867 | SHVERKAHIT 4 624 | 028 | 525
08 | AESAQRQG
PNGGGEQS
ANEF
CS67 | PIERVKKNL % 0.24 | 039 | 933
21 | LKKEYNVS
DDSMKLGG
NNTSEKAD

12
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£869 | HKSIGOPKL Y 025 | 022 | 10.64
16 STHPFLCPK

PORKMNTSL

GOHLTL
CS74 | AESAQROG Y o382 | Y | 628 | 65 |025 020 373
17 | PLGGGEQS

ANEF
£867 | KPKRKVAGA Y | 4.65 027 | 039 | 12.18
17 | ATPKKSIKR

TPKKVKKP

ATAAGTEK

CS67 | SKLPYPVAK Y | 394 0.27 {024 | 111
19 | SGKRALAR
GPAPTEKTP
HSGAQLG

C869 | BEQGPWOQSE Y 628 | 014 | 6.14
25 GOTWRAAG
GRVPVPCPA

AGPG
CS69 | SCARIGAPP Y 0.30 | 017 | 802
15 PHATATSSS

SEMPGTWG

REDL
869 | KLAWRGRI Y | 438 0 Y | 674 1699 030 | 013 1138
19 | SSSGCPSMT

SPESPMEGM

TLHT
CS67 | DSAVDKGH Y 0.30 | 0.18 | 10.26
26 | PNRSALSLT

PGLRIGPSGI

POAGLG
€874 | LLTDRNTSG Yo 3861 Y | 632 | 662 1031|015 359
00 | TTFTLLGVS

DYPELQVP
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{867 | LTDLPGRIR NT 031 | 6.21 | 391
09 | VAPQQNDL

DSPOOISISN

AE
CS74 | KGASLDAG Y O 3R1 | Y | 671 | 699 [031 021 125
14 | WGSPRWTT

TRMTSASA

GRSTRA
{869 | FRLIWRSVK Y 031 | 0.25 | 10.67
17 NGKSSREQE

LSWNCSHO

VPSLGA
€569 | GKSRGOQA Y 0.33 | 0301231
38 QDRARHAA

GAAPARPL

GALREQ
{874 | LLTDRNTSG Yo 389 | Y | 631 | 675 {033 {612 3.59
0% TTFTLLGVS

DYPELQVPI

POAGLG
€567 | RGLHSQGL Y | 3R2 0.34 | 0.28 | 16.92
11 GRGRIAMA

QTAGVLRS

LEQEE
C867 | POLAGGGG Y 034 | 007 | 5.0%
16 SGAPGEHPL

LPGGAPLPA

GLF
C869 | TWAGHVST Y 034 | 0.10 | 7.05
26 | ALARPLGAP

WAEPGSCG

BGTN
{874 | KKNITNLSR Yo 38 | Y | 645 | 669 |035 | 030 10.29
31 LVVRPDTD
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AVY
CS74 | WDGPPEND Y 13720 Y | 622 | 645 035 | 025 343
32 | MLLEEICGS

Lip
CS69 | LAASGLHG v 035 | 016 | 8.17
30 | SAWLVPGE

QPVSGPHH

GKQPAGY
CS67 | PIQVFYTKQ Y | 387 036 | 0.15 | .15
29 | PONDYLHV

ALVSVFQIH

QEAPSS(
CS69 | VAGLAASG Y 1380 Y | 642 | 666 |037 | 017 817
31 LHGSAWLY

PGEQPYSGP

HHGKQ
CS69 | SKRGVGAK Y [ 386 | Y | 657 | 679 [038 | 024 | 10.67
34 | TLLLPDPFL

FWPCLEGT

RRSL
CS69 | SYKKLPLLI ¥ 038 | 024 | 11.48
36 | FPSHRRAPL

LSATGDRGF

8V
CS69 | GLLSDGSGL Y 040 | 0.17 | 4.4
14 | GOITWASA

EHLQRPGA

GAELA
CS69 | DLCICPRSH ¥ 0.40 | 023 | 69
32 | RGAFQLLPS

ALLVRVLE

GSDS
£569 | DASDFLPDT 040 | 023 ] 32

QLFPHFTEL
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35 LLPLDPLEG N N\

S8V
CS69 | DMAWRRNS b'e 040 | 0271 979
43 RLYWLIKM

VEQWQEQH

LPSLSS
C874 | LSVPFTCGVY na | wa (040 10201 275
2 NFGODSIEDL

£l
874 | PLMOTELH Y | 3.95 N 623 1637 1040 | 030 ] 335
30 QLVPEADPE

EMA
{S69 | EDLHLLSVP Y 0.41 10251 947
I8 CPSYKKLPL

LIFPSHRRA

PLLSA
CS69 | AHRQGEK(Q Y {392 Y 649 | 678 1041 | 031 125
41 HLLPVFSRL

ALRLPWRH

SYQL
{874 | ALSLTPGLR Yy {399y £.46 | 6.8% 1042 | 018 | 1026
10 IGPSOLFLY

FLAESAVD

KGHPNRS
U874 | DSAVDKOH Y | 387 Y 653 | 694 1042 | 018 ] 10.26
11 PNRSALSLT

PGLRIGPSG

LFLVFLA
CS874 | LRVFIGNIA Y 6§61 1 696 1042 1000|1249
2 VINHAPVSL

RPGLGLPPG

APPGTVE
C874 | LPVFIGNIA Y 678 | 696 1042 | 006 | 1118

VNHAPVSL
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38 | RPGLGLPPG

APPGTVP
€869 | VSWGKKVQ 0.43 | 037 | 368
42 | PIDSILADW

NEDIEAFEM

MEKD
CS74 | GTKALQLH 681 1043 1020|1026
15 | SIAGRWPR

MEPWVVES

MSLGVE
€869 | SGQPAPEET 3.87 676 |0.45 | 021 | 10.98
37 | VLFLGLLHG

LLLIERRLR

GG
CS74 | YLLPKTAV 398 | Y | 676 | 696 045 | 0.25 | 1148
18 | VLRCPALR

VRKP
C874 | KGALNPKRA 384 NN\ 638 | 6356 045 | 030 | 538
26 | AFFAEHYES

WE
CS74 | SYDSVIREL 3,78 665 1045 1025 979
25 | LOKPNVRY

VL
CS74 | VEQGHVRY 372 652 1045 1025 6.15
27 | GPDVVTHP

AFLV
€869 | APALGPGA 045 | 013 | 899
27 | ASVASRCG

LDPALAPG

GSHMLRA
€67 | LLTDRNTSG . 145 1012 | 359
83 | TTFTLLGVS

DYPELQVPL
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FLVFLA \\\-\\\
CS6 | EEGLLPEV Y 0.45 | 021 | 7.05
933 | FOAGVPL

ALCPAVPS

AAKPHRP

RVL
CS71 VOQLSIODV Y| 39 Y oL 6731702 1047 | 020 12.6%
413 | IRRARLST

VPTAQRY

ALRSGWI
CS6 | LPVFIGNI v | 42 0.4% | 0.06 | 11.18
730 | AVNHAPY 0

SLRPGLGL

PPGAPPLY

Vi

{$83485]  The predicted biochemical properties of planned tmmunizing peptides are evaluated
and synthesis plans may be altered accordingly {using a shorter peptide, shifting the region to be
synthesized in the N- or C-terminal direction around the predicted epitope, or potentially
utilizing an alternate peptide) in order to limit the number of peptides with a high hydrophobic
fraction .

{603486]  Ten separate peptides in DMSGO/DSW were subjected to two frecze/thaw cycles and
showed full recovery. Two wdividual peptides were dissolved 1w DMSO/DSW and placed on
stability at two temperatures (-20°C and -80°C). These peptides were evaluated (RP-HPLC and
pH and visual fnspection) for up to 24 weeks, Both peptides are stable for up to 24 weeks; the
percent impurities detected by the RP-HPLC assay did not change significantly for either peptide
when stored at etther -20°C or -80° C. Any small changes appear to be duc to assay variability
as no trends were noted to be evaluated.

1804471  As shown in FIG. 6, the design of the dosage form process are to prepare 4 pools of
patient~specific peptides consisting of 5 peptides cach. A RP-HPLC assay has been prepared and
qualified to cvaluate these peptide mixes. This assay achieves good resolution of multiple

peptides within a single mix and can also be used to quantitate individual peptides.
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{30468] Moembrane filiration (0.2 pm pore size) 18 used to reduce bioburden and conduct final
filter sterilization. Four different appropriately sized filter types were initially evaluated and the
Pall, PES filter (f 4612) was selected. To date, 4 difforent ruxtures of 5 different peptides cach
have been prepared and individually filtered sequentially through two PES filters. Recovery of
cach individual peptide was evaluated utilizing the RP-HPLC assay. For 18 of the 20 peptides,
the recovery after two filtrations was >90%. For two highly hydrophobic peptides, the recovery
was below 60% when evaluated at small scale but were nearly fully recovered (7 and 97%) at
scale.  As stated herein, approaches are undertaken to hmit the hydrophobic nature of the
sequences selected.

{30469] A peptide pool (Pool 4) cousisting of five peptides was prepared by dissolution w
DMSG,  dilution with BSW/Succinate (5 mM) o 2 mg/ml and pooling to a final peptide
concentration of 400 pg per mi and a final DMSO concendration of 4%.  After preparation,
peptides were filtered with a 25mm Pall PES filter (Cat # 4612) and dispeused into Nunc Cryo
vials (# 375418} in one md aliquots. Samples were analyzed at time zere and at 2 and 4 weeks t©
date. Additioval samples are analyzed at 8 and 24 weeks. At -R0°C, no significant chavge in the
HPLC profiles or impurity profile of the peptide Pool 4 was observed at the four-week time
pownt. Throogh the 4 week tivoe poiot, visual observation and pH for the peptide pool did not

change.
Example 8

Peptide synthesis

{B0418] GMP peptides are synthesized by standard solid phase synthetic peptide chemistry
{e.g., using TS 536 XT peptide synthesizers) and purified by RP-HPLC. Each individual peptide
is analyzed by a variety of gualificd assays to assess appearance (visual}, purity (RP-HPLC),
identity (by mass spectrometry), quantity {elemental nitrogen}, and triffuoroacetate counterion
{RP-HPLC) and released.

{#0411] The personalized neoantigen peptides may be coraprised of up to 20 distinet peptides
unique to cach patient. Each peptide may be a lincar polymer of ~28 - ~30 L-amino acids joined
by standard peptide bonds. The amino terminus may be a priveary amine (NH2-) and the
carboxy terminus is a carbonyl group (<COOH). The standard 20 amine acids commounly found

in manunalian cells are utithized {(alanine, arginune, asparagine, aspartic acid, cysteine, glutamine,
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glutamic acid |, glycine, hustidine, 1soleucine, leucine lysine, methionine, phenyvlalanine, proline,
serine, threonine, tryptophan, tyrosine, valing). The molecular weight of cach peptide varies
based on its length and sequence and 1s calculated for cach peptide.

{80412] Fmoc (9-fluorenylmethoyloxycarbnyl }N-terminal protected amine acids are utihized
for all synthesis reactions.  The side chaing of the amino acids are protected by 2,2.4,6,7-
pentamethyl-dibydrobenzofuran-S-sulfonyl  (Pbf), triphenylmethyl (Trt), t-butyloxycarbounyi
{Boc} or t-butyl ether {tBu) group as appropriate.  All bulk amino acids are dissolved in
dimethylformamide (DMF). Condeusation utilizes the following two catalyst combinations in
separate reactions:

Diisopylearbodiimide/1- Hydroxybenzotriazole (BIC/HOBT)

Dhtsoproplycthylamine/2-(1H-Benzotriazol-1-yD)-1,1,3 3-tctramethyluronium

hexafluorophosphate (BIEA/HBTU)

{86413] Each amino acid is coupled twice in order to ensure high level of incorporation. The
first coupling utilizes DIC/HOBT for 2 — 6 hours and the sccond coupling utilizes DIEA/HBTU
for 1 ~ 2 hours. Each of the two couplings are voonitored by UV absorbance and the resin is
washed extensively with BMF in between coupling cycles to improve cfficiency.  After two
cycles of couphng, calculated coupling efficiency must be at least 95% fo continue to the next
cycle. Further synthesis of any peptides that do not meet that minimal coupling efficiency is
stopped.

{80414]  After all amino acids have been coupled, the resin is washed twice with DMF and
subsequently three tiracs with methanol. The resin is then vacuum dried briefly while still n the
reaction vessel and then transferred to a new, tared vessel for vacuum drying (greater than 12
hoursy until it is freely flowing. The mass of crude peptide synthesized is determined by
weighing the vessel containung dried resin, subtracting the mass of the tared vessel and adjusiing
for the resin mass. Expected mass vields range from 60% — 90%. Any synthesis that failed to
produce at least 200 mg crude peptide is terminated. The dried resin may be stored at 4o for up
to 28 days prior to initiation of cleavage.

{80415] The cleavage reaction is conducted i a single room. Prior to transfer of the sot of
patient-specific dried resios from the synthesis room to the cleavage room, the cleavage room is

fully qualified by QA for synthesis of a new GMP product. Qualification includes line clearance
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fnspection, verification of GMP suite cleaning, staging of all required materials and glassware,
verification of equipment suitability and labeling, and verification that all required personnel are
properly trained and qualificd to conduct the work and arce properly gowned and free of apparent
iHuness.

{30416] Room rcadiness operstions inttiates with verification of the equipment fo be used
{rotary evaporator, vacuum pump, balance} and inspection of documentation indicating that the
equipment has been properly cleaned and calibrated (if appropriate). A complete list of all raw
matenals (TFA, trusopropylsilane  (TIS) and 1,2-cthanedithiol) requived 1s wssued by QA and
manufacturing identifics lot number to be utilized, retest or expiration date and quantity of
material dispensed for each day’s reactions.

{86417] Cleavage of the peptide chain from the resin and cleavage of the side chain protecting
groups are accomplished under acidic conditions (95% TFA) in the presence of 2 %
triisopropylsitane {TIS) and 1% 1,2-cthanedithiol as scavengers of acid-generated free-radicals
for 3 to 4 hours at room temperature,

{B0418] Resin is separated from free crude peptide by filtration. The final solution of released
and de-protected peptide undergoes precipitation with ether and the precipitate is freeze-dried for
12 hours. The yield of released crude peptide is determined by weighing the freeze-dried powder
and calculating the ratio of released crude peptide/resin-bound peptide. Expected yields of crude
peptide are 200 mg to 1000 mg. Any cleavage reaction that fails to yield at least 200 mg crude
peptide is terminated. The crude peptide is then transferred to the purification suite.

{80419]  The purification 18 conducted in a single room. Prior to transfer of the set of dried
crude peptide from the cleavage room to the purification room, the purification room is fully
qualified by Quality Assurance for synthesis of a new GMP product. Qualification includes line
clearance mspection, verification of GMP sutie cleaning, staging of all required materials and
glassware, verification of cquipment suitability and labeling, and verification that all required
personnel are properly tramed and qualified to conduct the work and are properly gowned and
free of apparent ilness.

{30428 Room rcadiness operstions inttiates with verification of the equipment fo be used
{preparative Reverse-Phase High-Performance Liquid Chromatography [RP-HPLCY, balance,
analytical Liquid Chromatography/Mass Spectrometer (LOC/MS), lyophilizer, balance) and

inspection of documentation wndicating that the equiproent has been properly cleaned and

136



WO 2015/095811 PCT/US2014/071707

calibrated (if appropriate). A complete hist of all raw materials (Influorcacetic acid {TFA],
acctonitrile JACN], water) required 1s issued by QA and Manufacturing identifics lot number to
be utilized, retest or expiration date and quantity of material dispensed for cach day’s reactions.
{B3421] Purification is inttated by dissolving no more than 200 mg of the freeze-dried
released peptide in ACN. The sample 1s then further diluted with water to 5% -10% ACN. TFA
is added to a final concentration of $.1%. One C-I8 RP-HPLC coluomn {180 cm x 250 cm) is
freshly packed prior to the initiation of cach sct of patient specific peptides. Columns are
extensively washed with 5% acetomirile contaiming 8.1% TFA prior to loading patient peptide.
Maxinun amount of peptide loaded onto a single column is 200 mgs. Columns are monitored
by UV observance at 220 nm. Following loading of single peptide, the sample s allowed to enter
the column and column is washed with 5% acetonttrile/0.1% TFA. A 10% - 50% gradient of
acctonitrile with §.1% TFA s used to clute the peptide. Fractions is collected (50 mi cach)
beginning at the point UV observance is at 20% above bascline. Fractions continue to be
colected undil no further UV absorbing material is cluting froro the coluron or the gradient is
complete. Typically, the main clution peak 1s separated 1nto 4 to § fractions.

{80422} Each individual fraction s assessed by analytical LO/MS. Analytical conditions
chosen 1s based on the percent acetonifrile associated with the peak eluted product. Fractions
with the expected mass and purity greater than or equal to 95% 18 pooled as peptide product.
Typically 2 to 4 fractions mect this pooling requirement. The pooled peptide 15 placed mto a
tared jar for frecze~drying and freeze-dried for 24 to 72 hours. The mass of lyophilized peptide is
deterroined by deterroining the mass of the jar containing frecze-dried peptide and subtracting
the mass of the tared jar

{#3423]  Portions of the freerze-dried peptide is transferred to quality control for analysis and
disposition. The rematning 1s stored at -200C prior to further processing.

{80424]  Any peptides for which none of the fractions meet the requirement of 95% purity is
discarded. No reprocessing of RP-HPLC fractiouns can occur. H sufficient unpurified frecze-dned
and cleaved peplide 1s available, a second sample of the peptide may be purified over the
column, adjusting the gradient conditions to improve purity of the eluted peptide.

{86425] The column can then be stripped of any remaining peptide by washing extensively
with 4 column volumes of 100% ACN/G.1% TFA and then re-cquilibrated with 5% ACN//A 1%
TFA prior to loading the next peptide.

[
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{#0426]  Peptides for an individual patient s sequentially processed over the same column. No
more than 25 peptides are processed over a single column.
{80427] Ut operations for drug substance manufacturing thus constitute:
Synthesis:
Condensation, wash and re-condensation for each amino acid
Resin washing and vacuum drying
Transter to the cleavage sutic
Cleavage:
Acid cleavage from the resin
Separation of released peptide from the resin and peptide precipitation
Transfer to the purification suite
Purification:
Dissolution in acetonitrife and RP- HPLC purification
Freeze-drying of peak fractions for 24 to 72 hours
Removal of aliquots for QC testing and storage of remaining lyophilized
product,
{80428] Personalized ncoantigen peptides may be supplied as a box containing 2 ml Nunc
Cryo vials with color-coded caps, cach vial contaning approximately 1.5 ml of a frozen
DMSO/DSW solution containing up to 5 peptides at a concentration of 400 ug/ml. There may be
18 — 15 vials for cach of the four groups of peptides. The vials are to be stored at -80°C until use.
Ongoing stability studies support the storage temperature and time.
{80429] Storage and Stability: The personalized necantigen peptides are stored frozen at -
&0oC. The thawed, sterile filtered, in process intermediates and the final mixture of personalized
necantigen peptides and poly-ICLC can be kept at room temperature but should be used within 4
hours.
{8643¢] Compatibility: The personalized neoantigen peptides are wixed with /3 vohime

poly-ICLC just prior to use.
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Example 9

NeoVax, a neonlasia vaccine, and Nivolumab in preventing relapse following autologous
ster-cell transplantation in Non-Hodgkin's Eymphoraa (NHL).

{B0431] Thoee cxemplary dosing regimens are provided herein. The first two are focused on
improving the activity of Nivolumab, a fully human IgG4 monoclonal antibody developed for
the freatment of cancer that acts by blocking ligand activation of the programumed cell death 1
{PCD1) receptor on activated T cells, by evahating the combination of the novel personalized
necantigen vaccine {also referred to herein as “NeoVax,” and disclosed in U.S. Provisional
Application 61/869,721, 61/809,406 and 61/913,127, incorporated by reference in their entiretics
herein), and Nivolumab. The third dosing regimen focuses on improving the safety and activity
profile of Ipilimumab, a wonocloval antibody directed aganst cytotoxic T-lymphocyte-
associated antigen-4 (CTLA4), cither alone or in combination with Nivolumab by reducing
Ipihimumab overall exposure, enabled by a focusing of Ipihimumab co-therapy to the time-frame
of the developing the immune response to NeoVax., This reduced exposure is enabled by the
combination with an eoffective vaccine and can be achicved by cither reducing the dose of
Ipthmumab or lengthening the period between doses or by delivering Ipilimumab  sub-
cutaneously near to the vaccination site and temporally coincident with vaccination. Each is
explained in more detail herein,

{80432]  Autologous Hematopotetic Stem Cell Transplant (AHSCT) is an effective option for
paticnts suffering relapse after mitial induction therapy but long torm remission and cures are
rarely observed. Recently, based on the observed expression of programmed cell death 1 ligand
{PDL1) on the surface of diffuse large B-cell lyraphoma (DLBCL) and primary mediastinal large
B-cell fymphoma (PMLBCL), a study of anti-PD1 antibody (pidilizamab} treatment following
AHSCT was conducted (Armand et al. Journal of Clinical Oncology 31:4199 (2013
incorporated by reference w its entivety herein). That study showed encouraging indications of
beneficial activity including improved progression free survival in anti-PD1 treated paticnts
compared to other recent clinical frials, chavges 1o vrurune cell populations cousisient with
effective reversal of PD-1 wediated suppression, and an increase in survival of D4+,
CD54RO+ memory cells. Nevertheless, improved therapies are needed, particularly for patients

who demonstrate residual disease after AHSCT.
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1804331  Whle anti-PD1 therapy may help relieve local framuune suppression and over-come
T-cell exhaustion or ancrgy, limitations on the number and specificity of the existing T-cell
population raay provent maximal impact of this cffect. Hence, cornbining anti-PDH therapy with
an immune stimulating approach, such as a cancer vaccine, may allow anti-PD1 to demonstrate
reaximal clinical benefit,

{80434] NeoVax {a neoplasia vaccine) is a novel personalized cancer vaccine utilizing the
exquisitely tumor-specific neoantigens created by the personal mutations found in cach patient’s
tumeor {Hacohen ¢t al Cavcer Immunology Rescarch 1:11 (2013); Heerskerk ef al. EMBO
Journal 32:194 (2013} both incorporated by reference herein). These mutations, because they
result 1 peptides that are distivet from “self”-pephides, create epitopes that are cxpected to
escape the immune dampening effects of central tolerance. NeoVax vaccine therapy is being
developed to create stronger and more durable responses than those characteristic of the multiple
native antigen {""Tamor Associated Antigens; TAAs) which have clinically proven neffective to
date alone, or in corabination with checkpoint blockade inhibition.  NeoVax product 1s disclosed
in disclosed 1o US. Provisional Application 61/869,721, 61/809,406 and 61/913,127,
incorporated by reference in their entireties herein, and utilizes multiple (~20) long peptides as
imrnunogens, each represeuting separaie target epitopes, and poly-ICLC as adjuvant. Long

<

peptides and polyICLC represent the “best i class” delivery system and imnnune adjuvant
respectively, The first-in-human clinucal stady with NeoVax is described on ClindcalTrials.gov
{(NCT 81970358}

{80435] Combining an coffective inunune stiraulating agent with the reliet of mmmune
suppression would be expected to improve clinical outcome.  The post-AHSCT setting is
characterized by a low volume of residual discase, the infusion of immune cells to a situation of
homeostatic expansion, and the absence of any standard relapse-delaying therapy.  These
features provide a unique opporfunity to test the impact of a checkpoint inhibitor, such a
Nivoluroab, plus NeoVax therapy to delay discase relapse.

{#3436]  An exploratory two arm study is carried out fo compare treatment with Nivolumab
alone vs Nivolurnab and NeoVax in a small number of paticuts to evaluate safety and to monttor
the impact of treatment on Progression Free Swrvival (PFS) and, for any patients with
measurable discase at the tirac of confirmatory screening, for Objective Response Rate (ORR).

Patients are consented prior to initistion of pre-transplant conditioning o order to collect and
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sequence turmor fissue for vacemne preparation and 1s randomuzed at time of a confirmoatory CT
screening {approximately 4 weeks prior to of mitiation of therapy). Fifteen patients are mcluded
in cach agent arrn. The results are corpared to comparable paticnts receiving no additional post-
AHSCT at this institution{s}. An outline of the study is shown in Figure 8.

{#0437] Therapy can mitiate 4 weeks afier AHSCT. The schedule for the individual arms are
as follows:

& Nivolumablhil

® Nivolumab: Vxondays 1, 4,8, 15, 22 (Weeks 1, 2, 3 and 4; “Priming”} and
boosts at weeks 11 and 19. Nivolumab (3 mg/kg) beginning at week 5 and

continuing each 3 weeks thercafter with a last dose at week 23.

{80438 Paticnts on the vaccine alone arm with progressive discase may, at the discretion of
the mvestigator and the P begin receiving Nivolumab at about 3 weeks to atierapt rescue.
{#343%]  CT scans are conducted every 4 months after initiation of therapy {with confirmatory
PET scans at the discretion of the treating physician) with a final CT scan at 16 months after
initiation of therapy. All patients receiving NeoVax is evaluated for immune responses to the
immunizing peptides.

{(3448] This study can provide additional safety information in this setting but most
importantly extend and improve, with NeoVax, the encouraging results observed already with

pidilizumab in this sething.
Example {{

NeoVax and Nivelumab in metastatic clear cell Renal Cell Carcinoma and melanoma,

{80441}  Clear cell Renal Cell Carcinoma {ccRCC) and metastatic melanoma are both tumor
types that have been shown fo be respousive to immune roodulating therapies, including
cytokines, vaccines and inhibition of checkpoint blockade. Multiple immune modulating
therapies have been approved for both diseases, including Iptlirournab for metastatic melanoma.
Nivoinmab has been evaluated as a single agent 1n non-blinded, non-randomized Phase Vil trial
with cncouraging results in both discases and multiple pivotal studics are currently underway

utihzing Nivolumab alone or Nivolumab and Iptlimaumab combinations.
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{30442]  Despite this success of checkpoint blockade, there are still woany paticnts who do not
respond or do not respond robustly and the lack of coincident targeted immune stimulation with
an cffective vaccine may prevent the maximal impact of such therapy. Checkpoint blockade
therapy alone may help relieve local immune suppression and over-come T-cell exhaustion or
ancrgy, but may be himited by the number and specificity of the cxasting T-cell population- those
T cells arising from the normal physiological presentation of the evolving tumor to the host
immune system.  Indeed, in many animal studics, inchuding the studies supporting the initial
development of Ipthirournab, anti-CTLA4 treatrocnt aloune was ondy woldly effective but was
considerably more effective when combined with a vaceine.

{#0443] Combinung an effective vaccme with the rehief of imwune suppression way
gualitatively broaden the repertoire of T cell targets as well as strengthen the activity of extant
and newly mduced T cells and could thus significantly improve clinical outcomes.

{#3444]  Scparate shudies are carried out combining NeoVax with Nivolumab in previcusly
unireated metastatic melanoma patients {(with a surgically accessible turnor  for sequence
avalysis) and 1o previously unireated mctastatic clear cell Renal Cell Carcivorna patients who
have a rescctable primary tumor in place. An outline of the studies are shown in Figure 9. Each
study is a two-arm study comparing Nivolumab alone to Nivolursab + NeoVax. Patients are
consented prior to surgery. Patients are evaluated for Objective Response Rate (ORR),
Progression Free Survival (PFS) and Overall Survival (OS). Nivolumab isgin dosing at the
standard single agent dosing level of 3 mg/kg as soon as acceptable following surgical tamor
removal and continue cach 2 weeks until documented progression, discontinuation due to
toxicity or withdrawal of consent. NeoVax therapy can initiate approximately 8 weeks after
tumor resection is administered on days 1, 4, 8, 15, and 22 (Weeks 1, 2, 3 and 4; “Priming
Phase”y and oo weeks 11 and 19 ("boosts™). Nivoluraab is withheld during the period of privaing
vaccinations. 15 patients are included in cach arm.

[60445]  Upon wmitial indication of progressive discase, patients roay, at the discretion of the
investigator, continue on therapy or on the protocol until confirmation or not of discase
progression (which must be resolved within 6 wecks of nitial indication).

{86446] T scans are conducted every 4 months after jnitiation of therapy (with confirmatory

PET scans at the discretion of the treating physiciany with a final CT scan at 24 months afer
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initiation of therapy. All patienis receiving NeoVax is evaloated for immune responses to the
immunizing peptides.

{80447]  An cffective vaccine provides the opportunity to considerably mroprove the clinical
outcome of Nivolumab therapy by increasing the breadth of T-cell responses and NeoVax is a
first-in-class vaccine focused on neoantigens, 4 class of highly personal-tumor specific eptiopes
not subject to the immume dampening effects of self-tolerance.  Reciprocally, checkpoint
blockade inhibition during vaccination may increase the breadth and tmmune response level to
NeoVax. These exploratory stadies are done in discase scttings different than the ongoing
pivotal studies (prior to failure with Ipilimumab for Melanoma and prior to systemic anti-VEGH
targeted therapy for RCCH allowing collection of safety and efficacy data of Nivolurnab alone in

these settings.
Example 11

Reduced dose/schedule Inthmumab in combination with NeoVax 1 high risk melanoma
{without Nivolumab) and metastatic melanoma {with systemic Nivolumab),

{80448] CTLA4 was mitially identified as negative regulator on the surface of T-cells that was
upregulated shortly after initiation of a de novo immune response or stimulation of an existing
response in order to dampen the subsequent immune T-cell response and prevent auto-immunity
or uncontrolled mflammation. Thas, the magnitude of the developing trorune respornse has been
closely tied to UTLA4 action. Therapy with anti-CTLA4 antibodies, such as Ipilimumab, was
expected to increase the anti-cancer response by blocking the negative regulatory signal and
allowing roore extensive T-cell expansion. Although many animal and human corrclative studies
have suggested other possible mechanisms of action, the clinical responses observed with
Ipilimumab are consistent with such a hypothesis and recently 1t was shown that antigen-specific
T-cells to a personal neoantigen in a patient treated with Ipthmumab were observed prior to
Ipilitnumab therapy and increased following therapy {(van Rooi et al, Journal of Clinical
Uncology 31:e439 (2013}

{30449] Many studies 1n animals have shown that combining anti-CTLA4 treatment with a
vaccine enhances, sometivoes dramatically, the anti-cancer effect and ancedotal imformation in
humans suggests the same {Hodi et al, PNAS USA 105:3005-3010, 2008; Hodi et al., PNAS

ISA T03:4712-7; Le et al, J Imunother 36:382-9,2013). This may depend critically on the
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auntigen as the most dramatic effects of the combination w animals and the cffects in burnans are
typically observed with complex vaccines such as autologous celiular vaccines and were not
observed with a standard individual tumor associated antigen {such as gpl00 for melanoma).
Autologous tumor cell vaccines contain both neoantigens and tumor associated antigens {(Hodi et
al, 2008 and 2003). In the study of Lo ot all {2013), a mixture of two pancreatic allogeneic
tumor cell lines was used as the immunogen.  Although it is unlikely there was any overlap of
almost all neoantigens between the cell lines and the patients, pancreatic cancer is characterized
by frequent K-ras mutations at position 12 which can be immunogenic for multiple HLA types
{Weden et al,, Int J Cancer 128:1120-8, 201 1).

{3045¢] Nuvolomab | an anti-Programimed Death Receptor 1 (PD1) antibody, may have a
distinct mechanism of action. The ligand for PIdE, PRI, s often over-expressed on tumor cells
in the native turmgor micro-cnvironruent and s an  inhibitory ligand, causing T-cell
anergy/exhaunstion of tumor infiltrating lymphocytes. It scemed likely therefore that a
combination of anti-CTLA4 and anti-PD1 antibodics roay yield greater positive results because
they have differcnt mechanisros of action and this has been observed in animals (Duraiswamy et
al, Cancer Res; 73(12) and possibly in humans (Wolchok D et al., N Engl J Med, 2013} .
Unfortunately, the corabivation thevapy appears to be more toxic both wn the initial report and in
ongoing clinical evaluation (Wolchok, 2013).

{#0451] Onc approach to reducing the apparcnt toxicity while maintaining or increasing
etficacy of the combination therapy would be to add in an effective vaceine to the therapeutic
reghmen {to directly generate effective de novo T cell responses to additional antigens) and
simultaneously reduce the total exposure to checkpoint blockade antibodies. Although the two
{PB Abs have not been compared side-by-side, in general anti-CTLA4 appears to generate a
higher toxicity profile than anti-PD1, consistent with the effects observed m knock-out wice.
Given that CTLA4 has a clear role in the de novo immune response, this would suggest that
fivotting anti-CTLA4 exposure to the time frame of antigen exposure may achieve both toxicity
reduction and maintenance of efficacy.

{30452]  Deoescribed herein are four exploratory studies in melanoma patients. Studies 3A and
3B, cutlined in Figures 10A and 108, are in metastatic discase and utilize both Ipthmumalb and
Nivolurnab. Studies 3C and 3D, outlined in Figures 10C and 10D, murror 3A and 3B cxeept that

the setting 1s high-tisk discase and do vot viihze Nivoluraab,
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{30453]  The fust study (3A) 18 a 3 cohort dose escalating {dose escalating for Iptlivouraab
only} study in metastatic melanoma patients.  Patients are consented prior to surgery. Five
paticnts can initially be included i cach cohort. In cach cohort, paticnts can receive Nivolumab
beginning just after surgical excision {for tumor sequencing) at 3 mg/kg (the dose being
evaluated n all Nivolumab alone phase 3 studies) each 2 weeks until NeoVax has been prepared.
Nivoinmab is with-held during the priming vaccination phase and during the weeks prior to or
during the boost when Ipilimumab is being given. NeoVax therapy can initiate approximately 8
weeks after tumor resection and is admanistered on days 1, 4, 8, 15, and 22 (Weeks 1, 2, 3 and 4;
“Priming Phase”) and on weeks 1 and 19 ("boosts”).  Nivolumab is resumed in the week
following the last privaing dose and 1o the week following each boost.  In the fivst cohort,
patients can receive Ipihimumab at the start of the priming cyele, one week after the Sth priming
dose and prior to cach boost, all at a dose of 1 mg/kg. The next cohort can increase the dose
associated with the start of primsing vaccination to 3 mg/kg {the therapeutically approved level}
and the dose associated with the end of priming and the boosts can rernain at 1 mg/kg. For the
third cohort, the start of priming dose and the dose associated with each boost is at 3 mg/ke.
{See graphic view of the schedule herein). The maximal exposure to Ipilimumab can thus be
three 3 mg/kg doses and one 1 mg/kyg dose spread over 19 weeks, about 2.5~ fold lower than the
approved regimen (four 3 mg/kg doses spread over 16 weeks). Two expansion cohorts {five
patients cach) 1s added at the highest dose level judged to have 4 toxicity profile comparable to
that observed with Nivolumab alone and at the next highest dose level (if the overall toxicity
profile is acceptable). For cach cohort, the quantitative and gualitative features of the imymune
response to the neoantigens are evaluated. Patients are followed for Objective Response Rate
{ORR), Progression Free Survival (PFS) and Overall Survival (OS5}

{#0454] The second study (3B) is of sivmlar desigo to study 3A except that Ipilimumab s
delivered via subcutancous injection near to (within 2 cm) ecach vaccination site with each
vaceination io order to focus anti-CTLA4 activity on the vaccine dramming lymph nodes and livont
systemic effects.  Nivolumab is delivered as described herein. There is three dose escalation
cohorts. The first cohort can inject 0.2 mi of 5 mg/ml Ipihimumab at cach vaccination site with
cach vaccination. The second cohort can increase the volume to 8.5 ml and the third cohort o
10 mi. The maximeal exposure to Iptlimuomab 18 140 mg over 19 woeeks (about 11-fold lower

than 840 mg [for a 70kg patient] spread over 10 wecks  for the approved regimen). Two
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expansion cohorts (five paticots each) s added at the highest dose level judged to have a toxicity
profile comparable to that gbserved with Nivolumab alone and at the next highest dose level (if
there 1s onc and the overall toxicity profile is acceptable). Pationts are ovaluated as described
herein.

{B0455]  The third and the fourth study, described herein, essentially mirror the st and 2nd
except that cach s in high risk disease and does not utilize Nivohumab,

{80456] The third study (3C) is a 3 cohort dose escalating (Ipilimumab only} study in high
risk (Stage TR, HC and fully resected IV) welanoma or surgically resected ¢cRCC patients.
Paticnts arc consented prior to surgery. Five patients can initially be included in cach cohort.
NeoVax therapy can inifiate approximately 8 weeks after tumor resection and s admimustered on
days 1, 4, 8, 15, and 22 {Weeks 1, 2, 3 and 4, “Priming Phase”™) and on weeks 11 and 19
{“boosts”).  In the first cohort, paticnts can receive Ipilimumab at the start of the pritning cycle,
one week after the 5th priming dose and prior to each boost, all at a dose of 1 mg/kg. The next
cohort can wnerease the dose associated with the start of privaing vaccination to 3 mg/kg (the
therapeuntically approved level) and the dose associated with the end of privming and the boosts
can remain at | mp/kp. For the third cohort, the start of priming dose and the dose associated
with each boost s at 3 mg/kg. (Sec graphic view of the schedule herein). The maximal exposure
to Iptlimmmab can thus be three 3 mg/kg doses and one 1 mg/ky dose spread over 19 weeks,
about 2.5- fold lower than the approved regimen {(four 3 mg/kg doses spread over 10 weeks).
One expansion cohorts {ten patients) is added at the highest dose level judged to have an
acceptable toxicity profile consistent with adjnvant therapy and the recurrence risk profile. For
each cohort, the gquantitative and gqualitative features of the immaune respouse to the neoantigens
arc evalnated. Patients are followed for Recurrence Free Survival (RFS) for up to two years as in
protocol 13-240.

{80457] The fourth study (313} is of similar design o Study 3B except that Ipihmumab is
delivered via subcutancous injection near to {within 1 cm) each vaccination site with cach
vaccination in order to focus anti-CTLA4 activity on the vaccine draining lymph nodes and lint
systemiic effects.  There is three dose escalation cohorts. The first cohort can iject 8.2 ml of 5
mg/ml Ipthimumab at cach vaccination site with each vaccination. The second cohort can
increase the volume to 0.5 ml and the third cohort to 1.0 ml. The maximal cxposure to

Ipthmumab is 140 mg over 19 weeks {(about 1i-fold lower than 840 myg [for a 70kg patient]
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spread over 10 weeks for the approved regivacn). One expansion cohorts {ten paticnis) 1 added
at the highest dose level judged to have an acceptable toxicity profile consistent with adpuvant
therapy and the recurrence risk profile. For cach cohort, the guantitative and gualitative features
of the immume response to the neoantigens are evaluated. Patients are followed for Recurrence
Free Survival (RES) for up to two years as in protocol 13-240,

{B04588] The exciting results of the combination of Ipihimumab and Nivolumab is terapered by
increased toxicity. Although potentially manageable by appropriate monitoring and response {to

be confirmed in larger studies}, the underiying biology of the molecules and the observations that

[¢]

have accumulated from animal and some human studies would suggest that coupling an effectiv
vaceine with Ipthimumab may allow a reduced Iptlimuraab overall exposure while maintainiog or
increasing efficacy. NeoVax is a paradigm shifting vaccine that has the potential for generating
significantly stronger and more specific trornune responses and o synergize with Ipiliroumab.
These studies provide the opportunity fo mainfain or increase efficacy while reducing foxicity.
I addition, extending the reduced intensity concept may allow cffective and sctting-appropriate

expansion of Iptlirournab to high risk discase.
Example {2

Phase | Study Desien combining NeoVax, a Personalized NegAntipen Cancer Vaccine,
with Ipitlimumab to Treat high-risk Renal Cell Carcinoma

{86459] Sequencing technology has revealed that cach tumor contains multiple, patient-
specific mutations that alter the protein coding content of a gene., Such mutations create altered
proteins, ranging from single amino acid changes {caused by missense mutations) to addition of
iong regions of novel amine acid sequence dus to frame shifts, read-through of termination
codons or frauslation of matron regions {novel open reading fravoe mutations; neoORFs). These
mutated proteins are valuable targets for the host’s fmmune respouse to the tumor as, unlike
native proteins, they are not subject to the mmume-dampening cffects of scif-tolerance.
Therefore, mutated proteins are more likely to be immunogenic and are also more specific for the
turnor cells compared to normal cells of the patient.,

{#04686] There have been wultiple reports indicating that missense wutations or neoQORFs 1o
antmal tumors induce strong CDE+ cytotoxic T lymphocyte (CTL} reactions, in some cases

leading to prevention or eradication of disease.ss. More recently Matsushita and colleagues
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demounstrated that a single amuno acid change in a vormal murine structural protetn (spectrin-f2)
was the dominant target for immune atfack against a methylcholanthrene-induced transplantable
tumor, defining whether the tumor would survive or not following transplantation.; Furtherroore,
spectrin-f2 expression was also dramatically reduced in escape variants, providing a clear
racchanistic example of the irnmunocditing hypothesis. At the same time, DuPage and colicagues
made a similar observation using a small immunogenic neoORF in the mouse (ovalburin
peptide}.s Both of these studies indicate that the immuno-cdited neoantigen is therefore sufficient
as the target of an effective anti-tumor response.

(#3461 Correspondingly, many human studics of spontancous regression and long-term
survival have shown that powerful CD8+ T cell responses against mutated epitopes correlate
with good clintcal responses o These studies began with the first identification of human
Hrmnogenic neoantigens oy and the seminal study by Lennerz demonstrating the strength and
durability of neoantigen response compared to native protein responses;», and now have inchaded
the observations of an increase in neoantigen-specific CDE+ T cells in a patient responding to
anti-CTLA~4 therapyys and turoor regression followmng infusion of a tumor iohilirating
lymphocyte (TIL) population highly enriched in a neoantigen directed CD4+ T cellyy These
observations were made 1o multiple cancer types for multiple HLA alleles and have been widely
observed in tumor infilirating T cell populations;s ;¢ Most of the CD8+ T cell responses show a
high degree of specificity toward the routated missense opttope cornpared to the native epitope,
represent a high proportion of circulating T cells, and result in cells that are more abundant and
active than CD8+ T cell responses in the samae patients directed toward over-expressed native
antigens.

{40462}  Thus, in animals and in humans, immune responses to both discrete, mutated antigens
{such as mussense mutations) and expansive novel antigens {(neoQORFs) are observationally
correlated with regression and long-term remission. Extending that correlation among a large sct
{0=468) of patients found v the Cancer Genorue Atlas (TCGA) database, a recent wcta-analysis
of six tumor types revealed a significant survival advantage (hazard ratio = 0.53; p=0.002) for
patients with at least one predicted fromunogenic neocpitope compared to paticnds with no
predicted immunogenic epliopes. 7

{80463] Three studics in hurnans have directly asscssed the immunotherapeutic potential of

mutated antigens. Furst, follicular lymphoma s charactenized by uncontrolied growth of a B cell
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expressing rearranged wnmuonoglobulin, Purification of that rearranged irovounoglobulin and use
as a vaccine may improve discase-free survival.jg The induced CD&+ T cells showed reactivity
to the rearranged, mutated portion of the immunoglobulin molecule {(the 1diotype) and not the
germline frarmework.e Second, a mix of peptides corresponding to the oncogenic proteins of
HPV {(a neoORF for humans) has been shown to result in significant rernission of premalignant
lesions induced by HPV. Finally, immunization with a synthetic version of an in-frame
junctional deletion variant of the cpidermal growth factor receptor (EGFRvil) 1n two studies in
glioblastorsa patients, a population known to frequently coutain this mutation, provided
encouraging phasc 2 results.pizs Importantly, in both studics, evalnation of tumors in patients
with tumor recurrence showed that the recurrent furoors almost uniforraly (20 of 23) lost
expression of EGFRvii, This was interpreted as clear evidence of immumoediting due to
HHITING PIOSsSure against an immunogenic nooantigen in humans.

{#464] Most cancer vaccines employing peptides as immunogens bave wutilized “short”
peptides. These peptides are typically @ - 10 amino acids in fength and capable of direct binding
to the HLA molecule on the surface of HLA-expressing cells. “Long” peptides, about 20-30
aming acids in length, have recently been shown to produce a more robust and more durable
IYHTUNe response . Long peptides require internalization, processing and cross-prescutation
in order to bind to HLA molecules: these functions only occur in professional antigen-presenting
cells, such as dendritic cells, which can induce strong T cell responses.

{86465] Many studies in humans have demonstrated the safety of peptide vaccines. These
include studies with multiple short peptidesys as well as multipic long peptides, including
neo{dRFs. In particular, four studies have been conducted with a mixture of 10 overlapping long
peptides dertved from p33 420 and five separate studies with a mixture of 13 long peptides
derived from the oncogenic proteins of HPV. o021 In these studies, no foxicity higher than
grade 2 was observed and most adverse events were of limited duration and severity.
Additionally, many heterologous anfigen preparations have been tested in huwsans.  Such
preparations include irradiated cell vaccines, 1324 tumor cell lysatesas and shed tumor cell line
antigens.zs These heterogeneous vaccines contaimn muntated antigens, in the form of intact
proteins, partially degraded intracethular protein, and peptides found on the surface bound to
MHC I Moreover, they contain over-expressed and selectively-expressed molecules as well as

many additional native proteins.  In addition, purified heat shock protein (HSP) 96 peptude
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coraplexes have been used as antigen; such complexes also contain many mutated peptides.sy
None of these studies have reported significant safety issues directly atiributable to the
nmunogens of the vaccines.

{#3466]  Toll like receptors (TLRs) are important members of the family of pattern recognition
receptors {PRRs) which recognize conscrved motifs shared by many micro-organisms, termed
“pathogen-associated molecular patterns” (PAMPS).  Recoguition of these “danger signals”
activates nuultiple elements of the innate and adaptive immmune system. TLRs are expressed by
cells of the wnate and adaptive iromune systems such as dendritic cells (DCs), macrophages, T
and B cells, mast cells, and granulocytes and are localized in different cellular compartments,
such as the plasma membrane, lysosomes, endosomes, and endolysosomessg. Different TLRs
recognize distinct PAMPS. For example, TLR4 s activated by LPS contained in bacterial cell
walls, TER9 18 activated by vomethylated bactertal or viral CpG DNA, and TLR3 is activated by
double stranded RNAz.. TLR ligand binding leads to the activation of one or more intracellular
signaling pathways, ultimately resulting in the production of many key molecules assoctated
with mflammation and mwmuntty (particularly the transcription factor NF-«B and the Type-l
interferons}.

{60467] TLR mediated DC activation leads to cvhanced DU achivation, phagocytosis,
upregulation of activation and co-stimmulation markers such as CDSO, CDE3, and CDES,
expression of CCR7 allowing migration of DC to draining lymph nodes and facilitating antigen
presentation to T cells, as well as increased secretion of cytokines such as type { interferous, L~
12, and IL-6. All of these downstream events are oritical for the induction of an adaptive immune
response.

{(3468] Among the most promising cancer vaccine adjuvants currently in  clinical
development are the TLRY agonist CpG and the synthetic double-stranded RNA {(dsRNA) TLR3
ligand poly-ICLC. In preclinical studies poly-ICLC appears to be the most potent TER adjuvant
when compared to LPS and Cp( due to is induction of pro-mflammatory cytolkives and lack of
stimulation of 1L-10, as well as maintenance of high levels of co-stimulatory molecules in
DCs40. Furthermore, poly-ICLC was recently divectly compared to CpG in non-human primates
{rhesus macaques) as adjuvant for a protein vaccine consisting of human papillomaviros
(HPV)16 capsomers. Poly-ICLC was found to be mwuch more effective in inducing HPV specific

Thl fromune responsess;.
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{80469  Poly-ICLC 18 4 synthetically prepared double-stranded RNA consisting of polyl and
poly( strands of average length of about 5000 nucleotides, which has been stabilized to thermal
denaturation and  hydrolysis by serum nucleases by the addition of polylysine and
carboxymethylcelhnlose.  The compound activates TLR3 and the RNA helicase-domains of
MDAS and RIG3, both mmembers of the PAMP family, leading to DC and natural killer (NK) cell
activation aund production of a “natural mix” of type | interferouns, cytokines, and chersokines.
Furthermore, poly-ICLC exerts a more direct, broad host-targeted anti-infectious and possibly
anti-turor cffect mediated by the two IFN-inducible vuclear cozyme systems, the 2°5-0AS and
the P1/elF2a kinase, also known as the PKR (4-6}, as well as RIG-1 helicase and MDAS,

{3047¢] In rodents and nouv-human primates, poly-ICLC was shown to enhance T cell
responses to viral antigenssas, cross-priming, and the induction of tumor-, virus-, and
autoarntigen-specific CD8+ T-cellsscas. In a recent study in non-human pritaates, poly-ICLC was
found to be cssential for the generation of astibody responses and T-cell mmmumity to DC
targeted or non-targeted HIV Gag p24 protein, crphasizing s cffectiveness as a vaccine
adjuvant.

{80471] In human subjects, transcriptional analysis of serial whele blood samples revealed
similar gene expression profiles among & healthy human volunteers receiving one single s.c.
administration of poly-ICLC and differential cxpression of up to 212 genes between these 8
subjocts versus 4 subjects receiving placebous. Rernarkably, comparison of the poly-ICLC gene
expression data to previous data from volunteers immunized with the highly effective vellow
fever vaceine YFITDS0 showed that a large number of transcriptional and signal transduction
canonical pathways, imcluding those of the innate immnune systern, were similarly upregulated at
peak time points.

{86472]  Two studies of poly-ICLC 1 conjunction with long peptides have beco pubhished. An
immunclogic analysis was reported on pationts with ovarian, fallopian fube, and primary
peritoneal cancer 1o second or third complete chnteal remission who were freated on a phase 1
study of subcutancous vaccination with syothetic overlapping long peptides (OLP) from the
cancer tostis antigen NY-ESO-1 alone or with Montanide-ISA-S1, or with 1.4 mg poly-ICLC and
Moutanide. The generation of NY-ESO-I-gpecific CD4+ and CD8+ Tocell and antibody
responses were markedly enhanced with the addition of poly-ICLC and Montanide compared to

OLP alone or OLP and Montanide.s; In 4 second human study, poly-ICLC was combived with a
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MUCT synthetic long peptide in patienis with pre-malignant adenomas. Robust antibody
responses were detected in nearly half the patients which inversely correlated with the pre-
existing circulating myeloid derived suppressor cell fevel.s;

(884731 Poly-ICLC has also been utilized as an adjuvant for immunization with minimal
epttope-loaded paticnt-derived dendritic cells. Both CDMA+ and CD8+ T cell responses to multiple
peptides were observed in the majority of patients.s;

{80474] Poly-ICLC 1s the TLR3 agonist formulation most extensively tested in patients with
infectious discases and in subjects with a variety of different furoor types. Prior fo the
availability of recombinant interferon, poly-ICLC was used clinically at high doses > 6mg/m?2
{about 170 ug/kg) in paticnts with a variety of solid tumors and leukemia.s; Fever, ofien above
40°C, was a common adverse event and the primnary dose-limiting factor. Gther common adverse
events were flu-like symptoms {(nausca, vomuting, arthralgia. myalgia and fatigue} and
hypotension, thrombocytopenia and leukopenia. Unce recombinant interferon became clinically
available, the need to pursue high dose poly-ICLC was eliminated, and it becarne recognized that
lower doses (10 — 50 ug/kgy were highly effective at stimulating host defense and as an immune
adpuvant.

{60475] By pow, more than 400 patients with malignant ghomas have beeu entered on 7
clinical trials using low dose (1-2 mg total dosey poly-ICLC either as monotherapy or i
conjunction with chemotherapy, radiation, or vaceme (Table 5). Furthermore, patients with
varigus other solid tumors {prostate, colorectal, pancreatic, hepatocellular, breast, and ovarian
cancers}, in addition to paticnts with HIV/AIDS and multiple sclerosis have been treated on more
than 18 additional clinical phase 1 and phase 11 studies. Overall, the drug has been well-tolerated

across all studies and spectrum of diseases.
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the jocidence is wcreasing. Between 20 and 30% of patients inihially present with metastatic

Clear cell renal ccll carcinoma {ccRCC}) 15 one of the ten most common cancers and
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disease, which 1s generally incurable, whereas 30% of patients who underge curative-intent
nephrectomy experience recurrence with distant metastases. Targeted systemic agents such as
inhibitors of vascular endothelial growth factor (VEGF) or mammalian target of rapamycin
{mTOR) bave provided significant clinical benefit for patients with metastatic disease, but tumor
responses are not durable and most pationts relapse and cventually succumb to the discasesa.
Combinations of existing therapeutic modalities are being investigated in these settings but are
associated with significant toxicities and modest added activity. Effective adjuvant treatment of
resected, high-risk paticnts with presumably micrometastatic, if any, disease burden 1s lacking.
Innovative approaches are therefore necessary to achieve substantial improvement.

{#6477]  Perhaps wore than any other therapeutic approach, immunotherapy has the potential
for curative outcome by capturing the diversity and long-lasting memory of the immune syster
and its ability to destroy roalignant tomor cells and prevent relapse. High dose mterleukin-2
{HD-~IL2} 1s used in patients with metastatic ccRCC based on a durable complete remission rate
of 7%, but this therapy is only offered in select conters due to s significant toxicity and there 18
no established biomarker to predict for responsess. Nevertheless, the results with HD-IL2 provide
proof that “first generation” imupnunotherapy attempts can work in ccRCC.

{80478]  Two immunotherapeutic approaches are being actively evaluated in ¢cRCC and other
diseases — antigen-specific immunization {(vaccination} and, more recently, non-specific immune
stirnulation via freatment with checkpoint blockade antibodies (CPBss.ss. Vaccines in ¢cRCC to
date have provided hints of efficacy but tumor response rates and durability of tumor responses
remain low,sog most hikely due to the lack of effective tumor-specific fromune responses
induced with these approaches. Historically, most cancer vaccines have utilized tamor-associated
antigens {TAA), a class of native proteins, which are preferentially or selectively expressed on
turnor cells, but can also be found on some vormal cells. Native proteins generate relatively weak
immune responses due to central tolerance (the naturally occurring phenomenon that prevents the
imrnune system from recogmizing self-antigens and thereby generating anto-uvurunity). Despite
the relatively weak results achieved with TAA vaccination to date, several pivotal clinical studies
arc underway in ccRCC utilizing such native antigens, pointing to the demand for more effective
therapies.

{80479] DNA sequencing, particularly next-generation sequencing technology, has revealed a

genetic landscape of cancer that contains many protein coding mutations found unquely in the
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turoor of an wdivideal paticot. These mutations include both single-ammno acid missense
nutations {the predominant type} and novel open reading frames created by frame-shift or read-
through mutations {(ncoORFs) varving in length frorn | to up to 10075 of amino acids. There is
evidence in both animals and humans demonstrating that such mutated epitopes are effective at
inducing an immmune response.  Importantly, strong CDS+ T cell responses against mutated
epttopes have been found in patients with multiple tumor types who either had a spontanecus
regression or @ dramatic response after adoptive T cell transfer, suggesting that there may be an
association with CDB+ T cell activity and good chnical responsese. Most of these CDE+ T cell
responses showed very good specificity toward the mutated epitope compared to the native
epttope, represented a high proportion of circulating T cells, and mduced cells that were voore
abundant and active than CBR+ T cells in the same patients directed toward over-expressed
native antigens.

{(3488]  Three studies in humans have directly assessed the immunotherapeutic potential of
routated antigens, Purified rearranged mmmunoglobulin expressed by malignant B cells in
follicular lymphoma has been used as vaccine and has led to good chinical outcornes in some
phase 2 and phase 3 studies {(possibly dependent on amounts of residual disease)s;. More
recently, a vowx of peptides corresponding to the oncogenic proteins of HPV (directly analogous
to the neoORF type of mutation) has been shown to result in significant remission of
premalignant lesions induced by HPVaoy. Finally, a mutated forma of the epiderrual growth
factor receptor (EGFR} commonly found in glioblastoma patients has been used as an
irmunogen in multiple carly clinmical tnials.g; Interestingly, evidence for down-regulation of this
mutated gene has been found, suggesting immane editing due to immune pressure induced by the
vaccine.ys Thus, in animals and in humans, immune responses to both discrete mutated antigens
{such as mussense mutations) and expansive vovel antigen (ncoORF) are obscrvationally
correlated with regression and long-term romission and, in three clinical studies, have been
shown to control discase followmg therapeutic vaccimmation. The direct and comprehensive
identification of the many mutated epitopes found in cancer genomes creates the opportunity to
use this class of immunogen to improve the tmraunce response and efficacy of cancer vaccines.
{80481 Ipilimumab, an anti-CTLA4 specific 1g31 monoclonal antibody, blocks a key
reguiatory pathway that dampens both de nove and memory T-cell responses following antigen

activation and has been demonstrated to improve overall survival as monotherapy in patients
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with advanced melanomass. Furthermore, antibodies targeting the PD-1 pathway (another
immune checkpoint) have demonstrated impressive anti-tumor activity in pwltiple cancer
typessy saeass and the combination of CTLA-4 and PD-1 pathway blockade showed apparent
synergy in advanced melanomasss and most recently in ¢cRCC (Hammers et al, ASCO 2014
Abstract #4504). Despite this success, the lack of coincident immune stimulation with an
effective vaccine may Hmit the maximal impact of such therapy.

{00482} Many studics in animals have shown that combining anti-CTLA4 treatment with a
vaceine can substantially augment efficacy ssey and ancedotal information suggests a similar
cffect in humans g7, This potential synergy may depend critically on the antigen as the most
dravoatic effects of the corobination wn ammals and the effects in humans have typically been
observed with complex vaccines such as autologous cellular vaccines and not with an individual
tumor-associated antigen {(such as gpl00 for melanoma).  Autologous tumor cell vaccines g
contain both necoantigens and tumor-associated antigens. NeoVax, by focusing the immune
systemt on neeantigens, presumably the most immunogenic subset of possible antigens, is
expected to strengthen and focus the tmmune response to the tumor, thereby generating more
robust clinical activity. Reciprocally, checkpoint blockade during vaccination may increase the
breadth aund the magnitude of the response to NeoVax and increase memory cell formation.
Recently, necantigen-specific T-cells were observed in an Ipilimumab-treated patient prior fo
treatruent mnitiation and mercased following therapy 71

{80483]  An mnpovative aspect of the study is the route of delivery of Ipthmumab. There are
real concerns regarding the toxicity profile of mntravenously delivered Ipilimumab, the approved
delivery route for metastatic disease. For this reason, the study design meludes delivery of
{piimumab “locally” by sub-cutaneous injection in proximity to the vaccination site during cach
vaceine dosing. Large proteins hike Ipilimumab enter the circulation following sub-cutancous
injection by transit through the lymphatics and draining lymph nodess,. Thus, it is expected that
this approach can target Ipilirurab to the same draining lyraph nede as the vaccine and reduce
systeraic exposure, thereby both maximizing effectiveness and limiting systemic toxicity of
Ipihmumab.  Multiple anjmal studics have shown that localized dosing of anti-CTLA4 is
effective. The modes of localized dosing have included: (i) local production of anti-CTLA4
from the irradiated tumor ccll being used as vaccing 3, (it} “in transtt” delivery of anti-CTLA4

between the tursor (anfigen source) and the local draining lymph node 74, and (1) direct witra-
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turooral jection of anti-CTLA4ss.  Anti-tursor activity with locahized admimstration from
irradiated anti-CTLA4 cxpressing tumor cells was reduced compared to systemic administration,
but it was equal or better with “in transit” delivery and with direct intra-turnoral injection. Of
note, an abscopal effect was observed, wherein injection of anti-CTLA4 antibody near to or into
a tumor on one flank of the aniraal resulted in climination of the turnor on the opposite flank 7475
indicating a systemic treatment effect.

{80484] Described herein is a study design combining a personalized ncoantigen cancer
vaccine with Ipilimumab to treat high-risk renal cell carcinoma {(sce FIG. 11). The study 18 an
open label, phase | trial in which patients with clear ccRCC (both fully resected but high risk
patients as well as patients with low or intermediate risk roctastatic disease) is tmumunized with
up to 20 peptides that are both specific to the participant’s tumor cells (i.e. — pot found in their
normal cells) and unique to the participant {(ic. — “personal”™) and concurrently receive
{ptHmumab in close proximity to the vaccive site. These peptides are encoded by missense
rnutations, m-frame gene fusions and novel open reading frame mutations {collectively known as
“neoantigens”) that have occurred within that participant’s tumor cells and are identified through
DINA and RKNA sequencing. Up to 20 peptides at least ~20 amino acids in length is prepared for
cach participant and is admimstered together with the immune adjuvant polymosinic-
polyeytidylic  (poly-ICy stabilized with poly-L-lysine and carboxymethylcellniose (poly-
ICLCHHiltonol ®). Thus, the personalized NeoAntigen Cancer Vaccine consists of peptides +
poly-ICLC and is termed “NeoVax”. Ipilimumab is an antibody against CTLA4, a molecule on
the surface of T cclis that lirnits T cell expansion, and has been approved for the treatment of
metastatic melanoma (Yervoy®),  Iptlimouraab s delivered via subcutancous injection in
proximity to cach vaccination site in order to 1) direct anti-CTLA4 activity to the vaccine-
draioing lymph nodes and 2) hmit systemic toxic effects. This approach is effective in animal
tumor models and is cxpected to result in significantly reduced levels of systemic Iptlimumab
compared to the approved dose/schedule w advanced melanoma (3 mg/kg g3wks for four doses).
{(3485]  Eligible patients are entered into the trial to undergo surgery with the intent to resect
the primary kidney tumor or a metastatic site.  Pationts who have undergone surgery, fulfill
cligibility criteria, and for whom sufficient tissue was obtained to prepare nucleic acid for

sequencing can continue onto the treatment phase of the trial.
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{30486] The study s conducted wn two parts. In the fivst part (10 patients) the maximum
tolerated dose (MTEY) is identified from three possible dose levels. In the second part, 10
additional patients are cnrolied at the MTD to extend the safety and activity analysis of the
NeoVax cancer vaccine given in combination with locally administered ipilimumab.

{B0487]  Five patients are entered for the initial safety evaluation (Cohort 1), If none or only |
patient experiences a DLT during the first 7 weeks of treatment of Cobort 1, S patients are
entered to Cohort 2. I two or more patients in Cohort 1 experience dose hmiting foxicity (DLT)
during the first 7 weeks of treatroent, then S patients are entered on Cohort-1.

{GG488]  If none or only 1 patient experiences a DLT on Cohort 2, then Dose Level 2 13 the
roaximum tolevated dose (MTD) and an additional 10 paticots are entered at that dose level to
increase the likelihood of detecting serious toxicities, to complete biologic correlative endpoints
and to gain preliminary experience with clinical tumor activity.  If two or more patients in
Cohort 2 experience dose luniting toxicity (BLT), then Bose Level 1 i3 the MTD and an
additional 10 pationts are treated at this dose.

{B0489] I none or only T patient expericnces a BLT on Cobhort -1, then Dose Level-1 1s the
maximum tolerated dose {(MTD) and an additional 10 patients are entered at that dose level. #f
two or more patients 1o Cohort 2 expericnce dose Hmiting toxacity (DLT), then the study 18
stopped.

{3049¢] GMP peptides are prepared by synthetic chemistry, purified by Reverse Phase High-
Performance Liguid Chromatography (RP-HPLO), mixed in small groups and combined with
the immaune adjuvant poly-ICLC, a stabilized double-stranded RNA. The mixtures of peptides
and poly-ICLC is used for vaccination with the intention to induce cellnlar fmmune responses
directed at these patienttumor specific mmtations. Fach participant can receive the full
complement of peptides at cach smmunization.

{80491] The induction of a neoantigen-specific T cell response following vaccination with
NeoVax and simoultancous ireatment with locally debivered Ipilivoumab s assessed by IFN-y
ELISPOT and/or tetraraer analysis. Comparison is made between samples taken prior to vaccine
administration and after vaccination, beginning 4 wecks after the last priming dose. Assays arc
conducted for all 10 patients in the expansion cohort only.

{B0492]  IFN-y seeretion occurs as a result of the recognition of cognate peptides or mitogenic

stimwll by CD4+ and/or CDE+ T —cells. A multitude of differcot CD4+ and CDR+ determinants
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can be preseuted to T cells in vivo since the 20-30-mer peptides used for vaccination should
undergo processing into smaller peptides by antipen presenting cells.  Patients are evaluated
using the predicted epitope short peptides as well as longer peptides which require proteasomal
processing as stimulant in the IFN-y ELISPOT assay. If warranted, the precise immunogenic
peptide(s) is determined in follow-up analyses.

{86493]  When feasible, HLA-tetramers are prepared for one or more epitopes and is used for
cell staining and flow cytometry to independently evaluate the level of responding T cells.
[60494] 1o addition to the analysis of the magnitude and deterromant mapping of the T cell
response in peripheral blood, other aspects of the immune response induced by the vaccine are
critical and s assessed. These evaluations are performed in patients who exhibit an ex vivo IFN-
v ELISPOT or tetramer response n the screening assay. They inchude the evaluation of T cell
subsets (Thi versus Th2, T effector versus moemory cclls), analysis of the presence and
abundance of regulatory cells such as T regulatory cells or myeloid derived suppressor cells, and
patient-specific turnor cell recognition. Fmally, through targeted deep sequencing of the VP
subfamily of the T cell receptor in peripheral blood samples collected before and after
vaceination or in TIL populations, the global changes in TCK repertoire as well as changes n the
abundance of individual T cell clones are determined.

{B3495]  After adequate tumor for pathological assessment has been harvested, remaining
turnor tissue 18 placed in sterile media in g stertic container and transferved for imrnediate
freezing or is used for disaggregation. Portions of the tumor tissue s used for whole-exome and
transcriptome sequencing. W single cells are prepared, a cell line may be initiated. Additionally,
tumor infiltrating lymphocyte s prepared from the single cell suspeusion. In the event that
sequence analysis yields no resulis or sub-optimal results, tumor cell line cells may be used to
prepare addibional nucleic acid for sequencing. Pevipheral blood wmononuciear cells from a blood
draw is utilized for a normal tissue sample.

160496  Nucleic acid is exiracted from the tissoe samples and sequencing s conducted at the
CLIA-certified laboratory at Broad Institute. For tamor and sormal DNA samples, whole exome
capture is conducted prior to sequencing on Hlumina HiSeq. For tumor RNA, g cDNA library s
prepared on poly-A selected RNA prior to sequencing on Hlumina HiSeq. If the quantity or

quality of DNA or RNA isolated from the tissuc sample 18 inadequate for cxome or cDBNA
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ibrary preparation and sequencing, then DNA or RNA may be extracted from the patient-
specific tumor cell line (if generated).

{80497] Whole exome DNA sequence of tumor and normal tissue saraples from the patient is
used to dentify the specific coding-sequence mutations that have occurred in the tumor of that
participant.  These mutations include both single-amino acid nussense mutations {the
predominant type of mutation} and novel open reading frames {(neo0RFs) varying in length from
one up to hundreds of amino acids. A well-established algorithm (netMHCpan) is used to
identity mutation-containing epitopes that are predicted to bind to the MHC class T molecules of
cach participant.;s From this list of candidate mutations, 20 — 40 mutations are selected and
prioritized for peptide preparation based on a pre-defined set of criteria including:

& Type of mutation {missense vs neoORE)

@ Predicted binding potential of peptides encoded by the mutated region to the

MHC class 1 alleles of the particular individual

® Predicted binding potential of the corresponding native peptide
® The likelihood that the mmutation is directly or indirectly related to the

tumorigenic phenotype (i.c. an “oncogenic driver” mutation or a mutation in a

related biochemical pathway)

® RNA expression
® Biochemical properties of the full peptide {e.p. predicted poor sohbility

secondary to hydrophobic amino acid number or distribution and/or cysteine

content),

{B0498] Twenty to forty mutations for cach participant is used to design peptides, cach
approximately 20 ~ 30 amino acids in length. Analysis of mutations s limited to comparison of
normal and tumor sequence information for cach participant.

160499]  GMP peptides are synthesized by standard solid phase synthetic peptide chemustry
and purified by RP-HPLC. Each individual peptide i3 analyzed by a variety of qualified assays to

assess appearance {(visual), purity (RP-HPLC), dentity (by mass spectroructry), guantity
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{elemental nitrogen), and trifluoro-acetate counterion (RP-HPLC) and released. This work s
performed by U8 Bio, Menlo Park, CA. Synthesis are initiated with up to 25 peptides if possible
so that additional peptides are imumediately avatlable for replacement of nsoluble peptides if
needed.

{B0S0G] It s intended to immumize pationts with as many peptides as possible, up t© a
maximum of 20, Peptides are mixed together in 4 pools of up to 5 peptides each. The selection
criteria for each pool is based on the particular MHC allele to which the peptide is predicted to
bind, Peptides predicied to bind to the same MHC allele 18 placed nto separate pools whenever
possibie i order to limit antigenic competition. Some of the neoORF peptides may not be
predicted to bind to any MHC allele of the patient. These peptides can still be utilized however,
primarily because they are completely novel and therefore not subject to the immune-dampening
effects of contral tolerance, thus having a high probability of being immunogenic. NeoORF
peptides also carry 8 dramatically reduced potential for autoimmunity as there is no equivalent
molecule in any normal cell. In addition, there can be false negatives artsing from the prediction
algorithm and 1 is possible that the peptide can coutain a HLA class I epitope (HLA class T
epttopes are not reliably predicted based on current algorithms). All peptides not identified with
a particular HLA allele s randomly assigned to the ndividual pools.

{@0801]  The peptide pools are prepared. The amounts of cach peptide are predicated on a
final dose of 300 pg of cach peptide per injection. The peptide pools are prepared by dissolving
appropriate quantities of cach peptide individually at high concentration (approximately 50
mg/mil} in dimethyl sulfoxide (DMSO) and dilution with 5% dextrose in water (BSWY 5 mM
succinate to a final concentration of 2 mg/ml.  Any peptides that do not demounstrate clear
solutions upon dilution is discarded and replaced with another peptide if available; if no
additional peptides are available, D3W/succinate wil be used.  Egual quantitics of cach of 3
peptides can then be admixed, effectively diluting cach peptide to a concentration of 400 pg/ml.
The bioburden in the pooled peptides are reduced by filiration through a 8.2 um stenilinng filter,
The pooled and filtered bulk 1s filter sterilized in a laminar flow biosafety cabinet and aliquoted
into 2 ml Nunc cryo individual dosing vials for storage. Each pool is tested by RE-HPLC for
identity, residual solvents {by gas-chromatography), sterility and endotoxin. Individual dosing

vials are stored frozen at -8§°C .



WO 2015/095811 PCT/US2014/071707

{305¢2] The standard and approved 10 mi vial {(§ mg Ipihmumab/iml) s utilized for this
clinical study. No additional preparation is required.

{B0383]  Preparation of the final NeoVax product and syringes containing Ipilimumab s begun
upon confirmation that the patient is medically cleared to undergo vaccine administration
{confirrned arrtval in the clinic, stable vital signs, no new acute medical issues or laboratory
abnormalities potentially interfering with vaccine administration).

{80584]  The final step in the preparation of NeoVax (mixing with poly-ICLC) 18 conducted on
the day of the scheduled vaccine administration. For cach patient, four distinet pools (labeled
“A” BT CCT and “Dy of up to 5 synthetic peptides cach can be prepared at the GMP peptide
roanufacturer and filter sterilized as described o detail and stoved at -80°C,

{86585] On the day of immmumization, the complete vaccine consisting of the peptide
component{s) and poly-ICLC is prepared 1o a laromar flow biosafety cabinet. Oune vial cach (A,
B, C and D) is thawed at room temperature in a biosafety cabinet. (.75 mi of each peptide pool
is withdrawn from the vial into separate syringes. Scparately, four 0.25 mi (8.5 myg) aliquots of
poly-ICLC 18 withdrawn into separate syringes. The contents of each peptide-pool containing
syringe can then be gently mixed with a 0.25 ml aliquot of poly-ICLC by syringe-to-syringe
transfer. The entive one vol of the mixture 18 used for wjection.

{G3386] These four preparations are labeled “NeoVax A” |, “NeoVax B”, “NeogVax 7,
“NeoVax D7, The total dose of NeoVax can consist of the four 1 md syringes cach containing |
i of the peptide pool + poly-ICLC mixtares.

{B0387]  On cach dosing day, a single 10 mi vial contamning 5 mg/rl Iptlimumab s used to
prepare 4 syringes, each containing 0.25 ml (Cohort-13, 8.5 ml (Cohort 1) or T ml (Cohort 23,
{BGSB8]  Vaccine is adnunistered following a prime/boost schedule. Priming doses of vaccine
is adrmimstered on days 1, 4, &, 15, and 22 as shown herewn and (FIG. 123 In the boost phase,

vaccine is administered on days 78 {week 12} and 162 (week 20).

Treatment Description

Agent Treatment § Schedule § Allowable Pre- Dose Route
phase Treatroent medications
Admin Window | Precautions
NeoVax Day 1 N/A Poly-TCLC: NegVax
{peptides + | Pooe Davs 4 , ot 4 x 0.5 rag s8.C. ing :i,f ons lnto 4
) MR + | day "
poly- and 8 {total dose 2 different anatomic
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ICLC) + 3 days but at mg) siies
and Days 15 | least 5 days Peptides:
Ipilimuma and 22 niust elapse 4 X 300 pgper | Ipilimumab
b between doses peptide 8.¢ injection within 1
Volume = cm of each NeoVax
4x1ml mjection
Boost Day;\f ’78 7 days Ipiiimumab .
and 134 4x025mi, 05
mlor 1.0 mi
depending on
the cohort

{80509]  Each of the 4 NeoVax and Iptliraurnab syringes 18 assigned to onc of four extreomitios.
At each immunization, each NeoVax syringe is administered s.¢. to the assigned extremity {i.e.
NeoVax A is mjected into left arm on day 1, 4, 8 etc, NeoVax B i3 injected into right arm on
days 1, 4, § ctc.). Alternative anatomical locations for patienis who are status post complete
axillary or inguinal lymph node dissection or other contraindications that prevent injections to a
particular extremity are the left and right mmdniff], respectively.

{B3518]  Immediately following NeoVax administration at a respective extremity {(or
alternative anatomical location), Ipilimumab v mjected within 1 em of cach NeoVax
administration.

{B0311] NeoVax and Iptlimumab may be admuimstered within 1 day of the scheduled
adiurndstration date for days 4 and &, within 3 days of the scheduled adminisiration date for days
15 and 22 {but must be at lcast 5 days apart) and within 7 days for days 78 and 162,

{B6812]  Fuve patients are entered for the indtial safety evaluation (Cohort 1), If none ot ouly |
patient experiences a DLT during the first 7 weeks of treatment of Cohort 1, 5 patients are
entered to Cohort 2. ¥ two or moore patients in Cohort 1 experience dose limiting toxicity (DLT)
during the first 7 weeks of treatraent, then § paticuts are entered on Cohort-1.

{B6513]  If none or only 1 patient experiences a DLT on Cohort 2, then Dose Level 2 18 the
maximum tolerated dose (MTD} and an additional 10 patients are entered at that dose level to
increase the likelihood of detecting serious toxicitics, to complete biologic correlative endpoints
and to gain prelivoinary experience with chnical tumor activity, I two or more patients in
Cohort 2 cxperience dose Hmiting toxicity {DLT), then Dose Level 1 is the MTD and an

additional 10 paticnts are treated at this dose.
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{36814] I none or only T patient expericnces a BLT on Cobhort -1, then Dose Level-1 1s the
maximum tolerated dose (MTD) and an additional 10 patients are entered at that dose level.
{B0S15] It two or more patients in Cohort 2 experience dose limiting toxicity (DLT), then the
study is stopped.
{#6516]  Duration of therapy can depend on tolerability of the tmrounizations and evidence of
discase recurrence. In the absence of treatment delays due to adverse events, treatment is given
until the day 134 vaccination {the 2nd booster vaccination) or until one of the following criteria
applies:

® Discase recurrence, if it is deemed by the treating investigator to be in the best

interest of the patient to discontinue study treatment

® Intercurrent iiness that prevents further administration of treatment

@ Unacceptable adverse event{(s)

® Patient demonstrates an inability or unwillingness to comply with protocol
requirements

& Patient decides to withdraw from the study, or

@ General or specific changes in the patient’s condition which render the patient

unacceptable for further treatment in the opinion of the treating investigator.

[
[
L
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WHAT IS CLAIMED 1S:

1. A method of treating or preventing a ncoplasia in a subject in need thereof

comprising adruinistering to a subject in need thereol
{a} a neoplasia vaccine or immunogenic composition; and
(b} at lcast one checkpoint inhibitor.

2. The method of claim 1, wherein the neoplasia vaccine comprises at least two, at
least three, at least four or at least five necantigenic peptides.

3. The wcthod of any of claims 1-2, wherein the neoantigenic pephide ranges from
about 5§ to about 50 amino acids in length.

4, The method of any of claims 1-3, wherein the neoantigenic peptide ranges from
about 15 to about 35 amino acids in length.

5. The method of claim 1, wherein the ncoplasia vaccine composition further
comprises a pH modifier and a pharmacentically acceptable carrier.

6. The method of claim 1, further comprising administration of an
immunowodulator or adjuvant.

7. The method of claim 6, wherein the immunomedulator or adjuvant is selected
from the group cousisting of poly-ICLC, 1018 ISS, alummum salts, Araplivax, ASIS, BCG, CP-
870,893, Cp(G7909, CyaA, dSLIM, GM-CSF, 1C30, 1031, Imiquimod, ImuFact IMP321, I8
Patch, IS5, ISCOMATRIX, Juvimmune, LipoVac, MF39, monophosphoryl lipid A, Montanide
IMS 1312, Montanide ISA 206, Montamde ISA 30V, Montanide ISA-31, OK-432, OM-174,
OM-197-MP-EC, ONTAK, PEPTEL, vector systern, PLGA microparticles, resiquimod,
SRLA72, Virosomes and other Virus-like particles, YF-17D, VEGF trap, R848, beta-gluican,

Pam3Cys, acrylic or methacrylic polymers, copolymers of maleic anhydride and Aguila’s QS21

stirnulon.
8. The method of claim 7, wherein the immunomodulator or adjuvant 18 poly-ICLC.
9. The method of claim 1, wherein the checkpoint inhibitor is an inhibitor of the

programmed death-1 (PD-1) pathway.
10, The method of claim 9, wherein the inhibitor of the PD-1 pathway is an anti-PDH
antibody.

11, The method of claim 10, wherein the inhibitor of the PD-1 pathway 18 Nivolumab.
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12, The method of claiva 1, wherein the checkpownt mhibitor is an anti-cytotoxic T-

lymphocyte-associated antigen 4 {CTLA4) antibody.

13, The method of claim 12, wherein the anti-CTLA4 antibody is Ipthmumab or
Tremelimumab.
4. The mcthod of claim 1, wherein the subject is suffering from a neoplasia selected

from the group consisting of: Non-Hodgkin’s Lyrophoma (NHL), clear cell Repal Cell
Carcinoma {ccRCC), melanoma, sarcoma, leukemia or a cancer of the bladder, colon, brain,

breast, head and neck, endometrium, lung, ovary, pancreas or prostate,

15, The method of claim 14, wherein the nooplasia is metastatic,
16, The method of claim I, wherein the subject has no detectable neoplasia but s at

high risk for disease recurrence.

17.  The method of claim 1, wherein the subject has previously undergone autologous
hematopoietic stem cell transplant (AHSCT).

18 The method of clatm |, wherein admunistration of the checkpoint imhibitor is
initiated before inihation of administration of the neoplasia vaceine.

18, The method of claim 1, wherein administration of the checkpoint inhibitor is
iniftated afier inihiation of admivustration of the neoplasia vaceine.

20, The method of claim I, wherein administration of the checkpoint inhibitor is
inttiated simultancously with the nitiation of administration of the neoplasia vaccine.

21, The method of any one of claims 18-20, wherein administration of the checkpoint
inhibitor continues every 2-8 or more woeks after the first administration of the checkpoint
inhibitor.

22, The methed of claim 21, whercin administration of the checkpoint inhibitor
continues every 2, 3 or 4, 6 or & weeks after the first adraimstration of the checkpoint inhibitor.

23. The method of claim X, wherein the administration of the checkpomnt inhibitor 13
withheld during the week prior to administration of the neoplasia vaccine.

24, The method of claim 18, wherein the administration of the checkpomt inhibitor 1s
withheld during administration of the neoplasia vaccine.

25, The method of any one of claims 1R-20, wherein the administration of the

checkpoint inhibitor 18 mitiated following turnor resection.
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26.  The method of any one of claums 18-20, wherein adminmstration of the neoplasia
vaceine is inttiated 1-15 weeks after tumor resection.

27.  The method of any oune of clatros 18-20, wherein administration of the neoplasia
vaccine is inttiated 4-12 weeks after tumor resection.

28.  The method of claim 1, whercin administration of the neoplasia vaccine 15 n a
prime/ boost dosing regimen.

29, The method of claim 2¥, wherein administration of the ncoplasia vaccine s at
weeks 1, 2, 3 or 4 as a prime.

36.  The method of claim 28, wherein administration of the ncoplasia vaccine is at
months 2, 3, 4 or 5 as a boost.

31, The method of any of claims 2-30, wherein the vaccine is administered at a dose
of about 10 pg- 1 my per neoantigenic peptide.

32 The method of any of claims 2-30, wherein the vaccine i3 admuinistered at an
average weekly dose level of about 10 pg- 2600 ug per neoantigenic peptide.

33, The method of any one of claives 1-30, wherein the checkpoint wmnbitor s
administered at a dose of about 0.1-10 mp/ke.

34, The method of claim 33, wherein the admnistration 1s infravenous.

35.  The method of claim 12, wherein the anti-CTLA4 antibody is administered at a
dosc of about 1 mg/ke- 3 mg/ke.

36,  The method of any one of claims 1-32, wherein the vaccine is administered
intravenously or subcutancously.

37.  The method of any one of claims 1-35, wherein the checkpoint inhibitor is
administered intravencusly or subcutancously,

38,  The method of any one of claives 1-35, wherein the checkpoint whnbitor i
administered subcutaneously within about 2 cm of the site of administration of the neoplasia
VaCeine.

39, The method of claim 38, wherein the checkpoint mnhibitor 1s administered at a
dosc of about 8.1-1 mg per site of administration of the ncoplasia vaceine.

40, The wmethod of claim 1, further comprising administration of one or more

additional agents.
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41, The method of claimn 40, whercin the additional agents are selected from the
group consisting of! chemotherapeutic agents, anti-angiogencesis agents and agents that reduce
HIIURS-SUpPression,

42, The method of claim 40, wherein the one or more additional agents are one or
more anti-ghicocorticoid induced tumor necrosis factor family rveceptor (GITR) agonistic
antibodies.

43, A vaccination or immunization kit comprising:

{a) a separately packaged frecze-dried immuunogenic corposition configured
to ellicit an imnwune response to at least one neoantigen; and

{b) a solution for the reconstitution of the freeze-dried vaccine.

44, The vaccmation or immunization kit of claim 43 wherein the solution contains an
adjuvant.
45. The vaccination or immunization kit of claim 43 wherein the immunogenic

composition is an antigen.
46.  The vaccipation or imrounization kit of claimn 43 wherein the imrounogenic
composition is a viral vector,

47.  The kit of claim 43 further coraprising a checkpotot inhabitor,
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