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TITLE OF THE INVENTION

STABLE FORMULATIONS OF PROGRAMMED DEATH RECEPTOR 1 (PD-1}
ANTIBODIES AND HY ALURONIDASE VARIANTS AND FRAGMENTS THEREQF AND
METHODS OF USE THERECF

SEQUENCE LISTING

The instant application contains a Sequence Listing which has been submitted
electronically in ASCH format and is hereby incorporated by reference in is entivety. Said
ASCH copy, created on September 17, 2021, 13 named 28106WOPCT-SEQLIST-21SEP2021 txt

and 15 32,171 bytes in size.

FIELD OF THE INVENTION

The invention relates to stable formulations coroprising antibodies or antigen
binding fragments thereof that bind t¢ human programmed death receptor 1 {PD-1) and
hyaluroree acid-hydrolyzing enzyme and variants thereof. Also provided are methods of freating

various cancers and chronic infections with the formulations of the invention.

BACKGROUND OF THE INVENTION

Immune checkpoint therapies targeting the progranumed death receptor-1 (PD-1)
axis have resulted in groundbreaking ymprovements m clinical response in mutiple human
cancers {Brahmer ef al., N Engl J Med 2012, 366 2455-65; Garon et al. N Engl J Med 2015,
372: 2018-28; Hamid ef al., N Engl J Med 2013, 369, 134-44; Robert ef af | Lancet 2014, 384;
1109-17; Robert et ol N fngl J Med 2015, 372: 2521-32; Robert et al., N Engl J Med 2015,
372: 320-30; Topalian ef al | N Fngl J Med 2012, 366: 2443-54; Topalian e/ al., J Clin Oncol
2014, 32: 1020-3C; Wolchok ef al., N Engl J Med 2013, 369: 122-33). The interaction of the
PD-1 receptor on T-cells with its ligands, PD-LT and PD-L2, on tumor and immume infilirating
cells regulates T-cell mediated tmmume responses and may play a role in immune escape by
human famors (Pardoll DM, Nar Rev Cancer 2012.12: 252-64). Binding of PD-1 to either of 1ts
ligands results in delivery of an inhibitory stimulus to the T cell. Imumune therapies targeting the
PD-1 axis inclade monoclonal antibodies directed to the PB-~1 receptor (KEYTRUDA™
{pembrolizumab), Merck and Co., Inc.. Kenilworth, NJ and OPDIVO™ {nivolumab), Brstol-
Myera Squibb, Princeton, NI} and also those that bind 1o the PD-L1 ligand (MPDL3280A,
TECENTRIQ™ (atezolizumab). Genentech. San Francisco, CA) Both therapeutic approaches

have demonsirated anti-tumor effects in numerous cancer types,
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Hyaloronidases are enzymes that degrade hyvahwonic acid present in the
extracellular matrix. It 13 known that there are six types of hyaluromdases in humans: Hyall,
Hyal2, Hyal3, Hvald, HyalPS1, and PHZO/SPAMI. PH20/SPAMI (heretnafter referred to as
PH20) is expressed in the sperm plasma membrane and the acrosomal membrane.

Hyaluronidase hydrolyzes hyaluronic acid, thereby reducing the viscosity of
fivaluronic acid in the extracellular matrix and increasing the permeability thereof into tissue
{(skin). The subcutaneous area of the skin has a neutral pH of about 7.0 to 7.5 Thus, among the
various types of hvaluronidases, PH20 is widely used (Bockbinder et al., 2006}, In examples in
which PH20 is used, PH20 is ofien co~adronrustered with an antibody therapeutic agent which is
injected subcutaneously {Bookbinder et al., 2006).

The stability of a formulation of an antibodv and enzyme is complex and
confounded by multiple factors such as function of stability of the individual enzyme or antibody
n the co-formuiation matrix, impact of the presence of the additional excipients, and specific
interaction of the aniibody and enzyme. Ofien times, high concentration of antibody formulated
with an enzyroe, may conintbuie to other properties of the product which would be undesirable,
e.g. low mjectability due to increased viscosity and higher than physiological ssmolality and
increased aggregation. As a consequence, the need exists for stable formulations of an anti-PD-1
antibody and PH20 or PH20 variants for sabaaneous adminisiration. Such stable formulations
will preferably exhibit stability over months to years under conditions typical for storage of
drags for self~administration, i.e. at refngerator teraperatare in a syringe, container or other

device, resulting 1n a long shelf-life for the corresponding drug product.

SUMMARY OF THE INVENTION

The invention provides a formulation, comprising:
a) about 20 mg/mb. to about 200 mg/mL of an anti-buman PD-1 antibody, or antigen binding
fragment thereof, b) about 0,0009 - 0,050 mg/mi of a PH20 variant or fragment thereof, ¢} a
tuffer; dy a non-reducing dissacharide; e) a non-ionic surfactant; and, optionally £} an anti-
oxidant,

In one embodiment, the formulation comprises:

ay about 20 mg/mi. to about 200 mg/ml. of an anti-human PD-1 antibody, or
antigen binding fragment thereof:

b} about 0.0009 - 0.050 mg/ml of a PH20 vanant or fragment thereof;

c} about 5 mM to about 20 mM buffer;

d) about 3% 1o abowt 10% weight/volume (w/v) of a non-reducing
dissacharide selected from the group consisting of sucrose and trehalose;

R
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&) about 0.005 % to about 0.10% non-tonic surfactant; and, optionally

) about 1 mM to about 30 mM anti-oxidant.

Surprisingly, certain embodiments of the formulations of the invention have
increased hyaluronidase activity of the PHZ20 vanant or fragment thereof corapared o the
corresponding PH20 vanant or fragment thereof alone in the same formulation after L or 3
months storage at 23 °C; after 6 months at § °C and after 3 months at 25 °C under stainless steel
stress; and under light siress. The invention can be a liquid formulation or a liquid formulation
that is reconstituted from a lyophilized formulation.

fu specific embodiments of the invention, the ani-PD-1 antibody 18
pembrolizumab or an antigen binding fragment of pembrolizumab. In specific embodiments of
the mvention, the PH20 varant or fragment 15 PH20 vanant fragroent 2 set forth i the amino
acid sequence of SE ID NO: 23

Also provided heremn are methods of treating cancer and methods of treating
chrontc infection in a human patient in need thereof comprising: administering an effective

amount of the formulations of the invention to the patient,

RBRIEF DESCRIPTION OF THE DRAWINGS

Figure 1. Temperature-dependent viscosity profiles at 5 and 23 °C for formulations with AKO3
{pembrolizumab only at 100 mg/ml} and AK10-AK1S (pembrolizumab and PH20 variant
fragment 2 at different concentrations)

Figure 2. % High Molecular Weight Species (HMWS) as measured by UP-SEC of formulations
AKO3 {pembrolizamab only at 100 mg/ml) and AKI0-AKIS {pembrolizumab and PH20 vanant
fragment 2 at different concentrations) at 3, 25 and 40 °C at mitial, 1 month, 3 months and 6
months, respectively.

Figure 3. Acidic Varianis as measured by HP-IEX of formulations AKO3 (pembrolizumab only
at 100 mg/mi) and AKI0-AK1S {pembrolizamab and PH20 varant fragment 2 at different
concentrations} at 5, 25 and 40 °C at imatial, 1 month, 3 months and 6 months, respectively.
Figure 4. Main Vanianis as measured by HP-IEX of formulations AKO3 (pembrolizumab onlv at
100 mg/ml) and AK10-AK1S (pembrolizumab and PH20 variant fragment 2 at different
concentrations) at 5, 25 and 40 °C at initial, 1 month, 3 months and 6 months, respectively.
Figure 5. Basic Vanants as measured bv HP-IEX of formulations AKO3 (pembrolizumab only at
100 mg/mly and AK10-AKIS (pembrolizurnab and PH20 variant fragment 2 at different
concentrations) at 3, 25 and 40 °C at imitial, 1 month, 3 months and 6 months, respectively.
Figure 6, Met] 103} Oxidation species {the % of pre-peak 1 +2} as measwred by HP-HIC in
pembrolizumab of formudations AKO3 {pembrolizumab only at 100 mg/mi) and AKI(-AKIS

23
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{pernbrolizamab and PH20 variant fragment 2 at different concentrations) at 5, 25 and 40 °C at
imfial, T month, 3 months and 6 months, respectively.

Figure 7. Exarmple activity assay calibration curve, The plot was it a3 a second-order
polynomial and the resulting equation of the fit was used to determine hvaluronidase activity of
the activity standards and test samples,

Figure 8. Activity of formulations and PH20 variant fragment 2 conirol. Activity after storage at
5eC for three (gray bars) and six months (white bars} is comparable to T0 samples (black bars).
Figure 9. Activity of formudations and PH20 variant fragment 2 control after siorage at 5°C {(gray
bars) and 25°C {checkered bars) for three months. Only PH20 varant fragment 2 control
samples (AKOS5 and AKO6} show decreased activity upon 25°C storage.

Figure 10 DSC thermogram of Pembrolizumab asd PH20 variant fragent 2.

Figure 11. Enzyme activity with S8 stress staged up 6 months at 5 °C .

Figure 12. Engyme activity of Pembrolizumab + PH20 vanant fragment 2 samples after 88
stress followed by incubation for 3 months at 25 °C.

Figure 13, PH20 varant fragment 2 activity in the presence of Pembrolizuraab (white bars) or
viscosity swrrogate (Mack bars) under light stress. LS stands for light siress; LS DC stands for the
dark control for light stress, where vials were wrapped with aluminurm foil and placed in the light
chamber together with those stressed by hight.

Figure 14. Retention of PH20 variant fragment 2 enzyme activity with pembrolizumab across a
range of excipient concentrations compared to PH20 vanant fragment 2 alone (AKO05). Data at
initial time point, 1 and 3 months at 25 °C.

Figure 15. Retention of PH20 variant fragment 2 enzyme activity across a range of

antibody enzyme ratios compared to PH20 variant fragment 2 alone (AKO05). Data af wutial time
point, | and 3 wonths at 25 °C.

Figure 16. kmpact of pembrolizumab conceniration on PH20 variant fragment 2 enzyme activity
upon thermal strecs,

Fieure 17 Impact of pH on PH2Z0 variant fragment 2 activity. Data at initial tiree poirt, 1 and 3
months at 23 °C.

Figure 18. Example activity assay calibration curve. A linear fit was applied to the data and the
resulting equation of the fit was used to determine enryvmatic activity of the activily standards

and test samples.

DETAILED DESCRIPTION OF THE INVENTION
The invention provides stable formulations or composilions comprising an anti-
PD-1 antibody, or antigen binding {ragment thereof that binds to human PD-1 and a PH20

4.
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variant or fragment thereof, which are useful for methods of treatment of cancer or an immune
disorder or immune condition for administration o a patient in need thereof. In certain
embodiments of the invention, the anti-PD-1 antibody 15 pembrolizumab or an antigen binding
fragment of pembrolizumab. In certain embodiments of the invention, the formulations of the
invention are for subcutaneous admimistrations. Suarprisingly, the above formulations and
compositions have increased hyaluronidase activity of the PH20 variant or fragment thereof
compared (o the corresponding PHZ0 variant or fragment thereof alone in the same formulation
after 1 or 3 months storage at 25 °C. The formulations of the invention are useful for
subcutaneous delivery 1o a patient in need thereof.

Certain embodiments of the formulations of the invention matntain the low
methionine -105 oxidation levels (which is focated 1n CDR3 of the heavy chawns) of
pembrolizumab compared o the same formulation without the PH20 variant or fragment thereof
at 501 25 °C at 6 months. Major degradation pathways of pembrolizumab include oxidation of
methionine 105 (Metl0S) in the heavy chain CDR upon peroxide siress and oxidation of Met1035
and Fe methionine residues when exposed to light. Reduction in aflinity to PD-1 was observed
for peroxide stressed samples by Surface Plasmon Resonance (SPR). An exposed methionine
residue or a methionine residue in the COR of an antibody has the potential of impacting the
biological activity of the antibody through oxidation.

Certain embodiments of the formulations of the invention maintain the low level
of aggregation of pembrolizumab compared to the same forroulation without the PH20 vanant or

tragment thereof at 5-40 °C at 6 months.

I Definitions and Abbreviations

As used throughout the specification and appended clains, the following
abbreviations apply:
API active pharmaceutical ingredient
CDR complemeniarity determining region in the immunoglobahn

variable regions

CE-SDS capiliary electrophoresis-sodium dodecyl sulfate
CHO Chinese hamster ovary

CI confidence mterval

DS drug substance

EC50 concentration resufting in 30% efficacy or binding
ELISA enzyme-linked immunosorbant assay

FFPE formalin-fixed, paraffin-embedded
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FR framework region
HC heavy chain
HNSCC head and neck squamous cell carcinoma
HP-HIC high performance hydrophobic interaction chromatography
HP-TEX high performance ion-eschange chromatography
HP-SEC high performance size exclusion chromatography
IC30 conceniration resulting in 50% inhibition
G immunoglobulin G
IHC immunohistochenustry ot immunohistochermcal
mAb monocional antibody
NCBE National Center {or Biotechnology Tnformation
NSCLC non-small cell lang cancer
PCR polymerase chatn reaction
PD-1 programmed death 1 (ak.a. programmed cell death-1 and
programmed death receptor 1)
PD-L1 programuned cell death 1 ligand 1
PD-L2 programmed cell death | ligand 2
PS80 or PS-80 polvsorbate 30
SWFH sterile water for injection
TNBC triple negative breast cancer
Yy immunoglobulin heavy chain variable region
VK mmnumoglobolin kappa light chain variable region
Vi immunoglobulin light chain variable region
VP-DSC VYalenian-Ploinikov differential scanming calorimetry
viv volume per volume
WFI water for injection
wiv weight per volume

So that the invention may be more readily understood, certain technical and

scientific terms are specifically defined below. Unless specifically defined elsewhere in this

document, all other fechnical and scientific terms used herein have the meaning commonly

understood by one of ordinary skill in the art to which this invention belongs.

As used throughout the specification and in the appended claims, the singular

forms “a,” “an,” and “the” include the phural reference unless the context clearly dictates

otherwise.
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Reference to “or” indicates either or both possibilities unless the context clearly
dictates one of the indicated possibilities. In some cases, “and/or” was emploved to highlight
either or both possibilities.

"Treat” or "treating” a cancer as used herein means to administer a formulation of
the mvention to a subject having an immune condition or cancerous condition, or diagnosed with
a cancer or pathogenic infection {e.g. viral, bacterial, fungal}, to achieve at least one posttive
therapeutic effect, such as {or example, reduced number of cancer cells, reduced tumor size,
reduced rate of cancer cell infiltration into peripheral organs, or reduced rate of tumor metastasis
or tumor growth, "Treatment” may include one or roore of the following: inducing/increasing an
antitumor immune response, stimulating an immune response to a pathogen, toxin, and/or self-
autigen, stirsulating an ironune response to a viral ifection, decreasmg the nurnber of one or
more tumor markers, halting or delaving the growth of a tumor or dlood cancer or progression of
disease associated with PD-1 binding to tts Hgands PD-L1 and/or PD-L2 ("PD-1-related
disease™} such as cancer, stabilization of PD-1-related disease, inhibiting the growth or survival
of turoor cells, elinunating or reducing the size of one or more cancerous lesions or umors,
decreasing the level of one or more tumor markers, ameliorating, abrogating the clinical
manifestations of PD-1-related disease, reducing the severity or duration of the clinical
symptorns of PD-1-related disease such as cancer, prolonging the survival of 4 patient relative to
the expected survival in a similar untreated patient, inducing complete or partial remission of a
cancerous condition or other PD-1 related disease.

“Immune condition” or “immune disorder” encompasses, e.g., pathological
nflammation, an inflammatory diserder, and an astoimmune disorder or disease. “hvoune
condition” also refers to infections, persistent infections, and proliferative conditions, such as
cancer, tumors, and angiogenests, inchuding nfections, tumors, and cancers that resist

13

eradication by the immune system. “Cancerous condition” includes, e g., cancer, cancer celis,
wmors, angiogenesis, and precancerous conditions such as dysplasia,

Positive therapeutic affects in cancer can be measured in a number of wavs (See,
W. A Weber, J Nucl. Med 506:18-108 (2009}). For example, with respect to tumor growth
inhibition, according to NCI standards, a T/C £42% is the mintmum level of anti-tumor activity.
ATC < 10% 13 considered a high anti-tumor activity level, with T/C (%) = Median tumor
volume of the treated/Median tumor volume of the control x 100, In some embodiments, the
treatment achieved by adnunistration of a formulation of the invention 13 any of progression free
swvival (PFS), disease free survival (DFS) or overall survival (08}, PFS, also referred 1o as
“Time o Tumor Progression” indicates the length of time during and afier treatment that the

cancer does not grow, and includes the amount of time patients have experienced a complete

-7
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response or a partial response, as well as the amount of time patients have experienced stable
disease. DFS refers fo the length of time during and after reatment that the patient remains free
of disease. OS refers 1o a prolongation n life expectancy as compared to naive or untreated
individuals or patients. While an embodiment of the formulations, treatrment methods, and uses
of the invention may not be effective in achieving a positive therapeutic effect in every patieni, i
should do so in a statistically significant number of subjects as determined by any statistical test
known in the art such as the Student’s t-test, the chi’-test, the U-test according to Mann and
Whitney, the Kruskal-Wallis test (H-test}, Jonckheere-Terpstra-test and the Wilcoxon-test.

The term “patient” {alervatively reterred fo as “subject” or “ndividual” herein)
refers o a mammal {e g, rat, mouse, dog, cat, rabbit) capable of being treated with the
forroulations or conpositions of the invention, most preferably a human. In some embodiments,
the patient is an adult patient. In other embodiments, the patient is a pediatric patient. Those “in
need of treatment” nclude those patients that may benefit from treatment with the formulations
or compositions of the invention, e 2. a patient suffering from cancer or an immune condition.

The termo "antibody” refers 1o any form of antibody that exhibits the desired
biological activity. Thus, it is used in the broadest sense and specifically covers, but is not
limited to, monoclonal antibodies (including full length monoclonal antibodies), polvcional
anttbodies, humanized, fully human antibodies, and chimeric antibodies.

in general, the basic antibody structural unit comprises a teframer. Each tetramer
nchudes two identical pairs of polypeptide chains, each pair having one "light” {about 25 kDa}
and one "heavy" chain {about 50-70 kDa). The amino-terminal portion of each chain includes a
variable region of aboat 100 to 110 or more amino acids primarily responsible for antigen
recognition. The variable regions of each light/heavy chain pair form the antibody binding site.
Thus, in general, an intact antibody has two bhinding siies. The carboxy-terminal portion of the
heavy chain may define a constant region primarily responsible for effecior function. Typically,
human light chains are classified as kappa and lambda light chains. Furthermore, human heavy
chains are typically classified as nw, delta, gamina, alpha, or epsilon, and define the antibody's
isotype as IgM, gDy 1gG, IgA, and IgE, respectively. Within light and heavy chains, the
variable and constant regions are joined by a "J" region of about 12 or more amino acids, with
the heavy chain also including a "D region of about 10 more amino acids. See generally,
Fundamental Immunology Ch. 7 (Paul, W, ed., 2Znd ed. Raven Press, N.Y. (1989},

Typically, the vanable domains of both the heavy and light chains comprnise three
hypervariable regions, also called complementarity determining regions (CDRs), which are
locaied within refatively conserved framework regions (FR). The CDRs are usually aligned by
the framework regions, enabling binding to a specific epitope. In general, from N-terminal to C-

-8
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terminal, both light and heavy chains variable domains comprise FR1, CDRI, FR2 , CDR2, FR3,
CDR3 and FR4. The assignment of amino acids to each domain s, generally, in accordance with
the definitions of Sequences of Proteins of Imnunological Tnterest, Kabat, ef ¢l National
Institutes of Health, Bethesda, Md. ; 5% od.; NiH Publ. No. 91-3242 (1991); Kabat {1978} 4Adv.
Prot. Chem, 32:1-75, Kabat, ef ol , (1977).J. Biol. Chem. 252:6609-6616; Chothig, ef af., (1987)
J Mol Biol, 196:901-917 or Chothia, ef af., (1989) Nature 342:878-883,

An antibody or antigen-binding fragment that “specifically binds t0” a specified
target protein is an antibody that exhibits preferential binding to that target as compared to other
profeins, but this specificity does not require absolute binding specificity. An antibody 15
considered "specific” for its intended target if its binding is determinative of the presence of the
farget profein m a sample, e.g without producing undesired results such as false positives.
Antibodies, or binding fragments thereof, nseful in the invention will bind to the target protein
with an affinity that is at least two fold greater, preferably at least ten times greater, more
preferably at feast 20-times greater, and most preferably at least F00-times greater than the
affinity with non-~target proteins. As used herein, an antibody is said to bind specifically to a
polypeptide comprising a given amino acid sequence, e.g. the amino acid sequence of a matwe
human PD-1 or human PD-L1 molecule, if it binds to polvpeptides comprising that sequence but
does not bind to profeins lacking that sequence.

"Chimeric antibody" refers 1o an antibody in which a portion of the heavy and/or
fight chain is 1dentical with or homologous {o corresponding sequences in an antibody derived
from a particular species {e.g., human) or belonging to a particular antibody class or subclass,
while the remainder of the chain{s) is identical with or homologous 1o corresponding sequences
in an antibody derived from ancther species {e.g., mouse} or belonging to anocther antibody class
or subclass, as well as fragments of such antibodies, so long as they exhibit the desired biological
activity.

The term "pharmaceutically effective amount” or “effective arount” means an
amount whereby sufficient therapeutic composition or formudation is introduced to a patient to
treat a diseased or condition. One skalled in the art recognizes that this level may vary according
the patient’s characteristics such as age. weight, etc.

The term "about”, when modifying the quantity {e.g., mM, or M} of a substance
of coraposition, the percentage {v/v or w/v} of a formmulation component, the pH of a
solution/formulation, or the value of a parameter characterizing a step in a method, or the like
refers to variation in the numerical guantity that can occur, for example, through typical
measuring, bandhing and samphng procedures involved 1 the preparation, charactenzation
and/or use of the substance or composition; through instrumental error in these procedures;

-9.
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through differences in the manufacture, source, or purity of the ingredients employed to make or
use the compositions or carry out the procedures; and the like. In certain embodiments, "about"
can mean a vartation of = 0.19, 0.5%, 1%, 2%, 3%, 4%, 3%, or 10%.

As used herein, “x% (w/v}” is equivalent to x ¢/100 mi (for example, 5% w/y
equals SO mg/ml ).

The terms “cancer”, “cancerous”, or “malignant” refer to or describe the
physiclogical condition in mammals that is typically characterized by unreguolated cell growth.
Examples of cancer include but are not limited to, carcinoma, lymphoma, leukemia, blastoma,
and sarcoma. More particular examples of such cancers include squamous cell carcinoma,
myeloma, smali-cell lung cancer, non-small cell lung cancer, glioma, Hodgkin’s lvmphoma,
non-Hodgkin's lymphoroa, gastromtestival (tract) cancer, renal cancer, ovarias cancer, hiver
cancer, fvmphoblastic leukemia, lymphoeytic leukenia, colorectal cancer, endometrial cancer,
kidney cancer, prostate cancer, thyroid cancer, melanoma, chondrosarcoma, neuroblastoma,
pancreatic cancer, ghioblastoma multiforme, cervical cancer, brain cancer, stomach cancer,
bladder cancer, hepatoma, breast cancer, colon carcinoma, and head and neck cancer.

A “chemotherapeutic agent” is a chemical compound useful in the treatment of
cancer, Anti-PD-1 antibodies can be used with any one or more suitable chemotherapeutic agent,
Examples of such chemotherapewtic agents include alkylating agents such as thiotepa and
cyclosphosphamide: alkyl sulfonates such as busulfan, improsulfan and piposulfan; aziridines
such a3 benzodopa, carboquone, meturedopa, and uredopa; ethvlenimimes and
methylamelamines mcluding aliretamine, inethy lenemelamine, trietvlenephosphoramide,
triethylenethiophosphoramide and tnimethylolomelamine; acelogenms (especially bullatacin and
bullatacinone); a camptothecin (including the synthetic analogue topotecan); hryostating
callystating CC-1065 {imcluding is adozelesin, carzelesin and bizelesin synthetic analogues)y,
cryptophyeins (particularly crvptophyein 1 and crypiophvein 8); dolastating duocarmycin
(including the synthetic analogues, KW-2189 and CBI-TMI), eleutherobin; pancratistating a
sarcodictyin; spongistating nitrogen nustards such as chlorambucil, chlomaphazine,
cholophosphamide, estramustine, ifostamide, mechlorethamine, mechlorethanine oxide
avdrochloride, meiphalan, novembichin, phenesterine, prednimustine, trofosfamide, uraci
mustard; nitrosureas such as carmustine, chlorozotocin, fotemustine, lomustine, mmusting,
ranimustine; antibiotics such as the enediyne antibictics {e.g. calicheamicin, especially
calicheamicin gammall and calicheamicin phill, see, e.g., Agnew, Chem. Intl. Ed. Engl.,
33:143-186 (1994); dynemicin, including dynemicin A; bisphosphonaies. such as clodronate; an
esperamicin, as well as neocarzinostativ chromophore and related chromoprotein enediyne
antibiotic chromomophores), aclacinomysing, actinomycin, awthramyein, azaserine, bleomycins,

- 10~
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caclinomycin, carabicin, caminomycin, carzivophilin, chromomyeins, dactinomyein,
daunorubicin, detorubicin, 6-diazo-5-oxo-L-norleucine, doxorubicin {including morpholine-
dosorubicin, cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin and deoxvdoxorubicing,
epirubicin, esorubicin, idarubicin, marcellomycin, mitonmycins such as mitomycin C,
myeophenolic acid, nogalamycin, ohvomyeins, peplomyein, potfiromy cin, puromyein,
quelamycin, rodorubicin, sireptonigrin, streptozocin, tubercidin, ubenimex, zinostatin, zorubicin;
anti-metabolites such as methotrexate and S-fuorouracil (S-FU); folie actd analogues such as
denopterin, methotrexate, pteropterin, frimetrexate; purine analogs such as fludarabine, 6-
mercaptopurine, thiamiprine, thioguanine; pyrinudine analogs such as ancitabine, azaciiidine, 6-
azauridine, carmofur, cytarabine, dideoxyuridine, doxifluridine, enocitabine, floxuridine;
androgens such as calusterone, dromostanolone propionate, epitiostanol, mepitiostane,
testolactone; anti-adrenals such as aminoghitethimide, mitotane, trilosiane; folic acid replenisher
such as frolinic acid; aceglatone; aldophosphamide glycoside; arninolevalinic acid; entluract;
amsacring; bestrabucti; bisantrene; edairaxate; defofaming; demecolcine; diaziquone;
elformuthine; ellipimum acetate; an epothilone; etoglueid; galliuro rutrate; hydroxyures,
lentinan; lonidamine; mavtansinoids such as maytansing and ansamitocing; mitoguazone,
mitoxantrong; mopidamel; nitracrine; pentostatin; phenamet; pirarubicin; losoxanirone;
podophyilinie acid; 2-ethylhydrazide; procarbazine; razoxane, rhizosin; sizoforan;
spirogermaniurn; tenuazonic acid; tnaziquone; 2, 2',27 trichlorotriethylanune; trichothecenes
{especially T-2 toxin, verracurin A, roridin A and anguidine), urethan; vindesine; dacarbazine;

mannomustine; nutobronitol; mitolaciol; pipobroman; gacytosine; arabinoside {"Ara-C7);
cyclophosphamide; thiotepa; taxoids, e.g. paclitaxel and doxetaxel; chiorambucil; gemcitabine;
o-thioguanine; mercaptopurine; methotrexate; platinum analogs such as cisplatin and
carboplatin; vinblasting; platimum; etoposide (VP-16); ifoslamide; mitoxantrone; vineristine;
vinoreibine; novantrone; teniposide; edatrexate; daunomycin; aminopterin; xeloda; ibandronate;
CPT-11; topoisomerase inhibitor RFS 2000; difluoromethylormithing (DMFO), retinoids such as
retinoic acid; capecitabine; and pharmaceutically acceptable salis, acids or derivatives of any of
the above. Also included are anti-hormonal agents that act to regulate or inhibit hormone action
on tumors such as anti-estrogens and selective estrogen receptor modulators (SERMs),
including, for example, tamoxifen, raloxifene, droloxifene, 4-hydroxytamoxifen, trioxifene,
keoxifene, LY 117018, onapristone, and toremifene (Fareston); aromatase inhibitors that inhibit
the enryme aromatase, which regulates estrogen production 1w the adrenal glands, such as, for
example, 4(5)-imdazoles, aminoglutethimide, megestrol acetate, exemestane, formestane,

fadrozole, vorozole, lefrozole, and anastrozole; and anti-androgens such as flutamide,
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nilutamide, bicalutanude, leuprolide, and goserelin; and pharmaceutically acceptable salts, acids
or dertvatives of any of the above.

"Chothia" means an antibody numbering system described i Al-Lazikani e of.,
JMEB 273:927-948 (1997},

“Kabat” as used herein means an immunoglobulin alignment and numbering
svstern pioneered by Elvin A Kabat ({1991} Sequences of Proteins of Insunological Interest,
Sth Ed. Public Health Service, National Institutes of Health, Bethesda, Md.).

A “growth inhibitory agent” when used herein refers to a compound or
composttion which mhibits growth of a cell, especially cancer cell over expressing any of the
genes identified herem, either in virro or iz vivo. Thus, the growth inhibitory agent is one which

significantly reduces the percentage of cells over expressing such genes in S phase. Examples of
growth inhibitory agents include agents that block cell cycle progression (af a place other than 8

,\

phase), such as agents that induce G1 arrest and M-phase arrest. Classical M-phase blockers
include the vincas {vincristine and vinblastine) taxanes, and topo H inhibitors such ag
doxorubicin, epirubicin, daunorabicin, and etoposide. Those agents that arrest G1 also spill over
into S-phase arrest, for example, DNA alkyiating agents such as dacarbarine, mechlorethamine,
and cisplatin, Further information can be found in The Molecular Basis of Cancer, Mendelsohn
and Israel, eds., Chapter 1, entitled “Cell cycle regulation, oncogens, and antingoplastic drags”
by Murakami et al. (WB Saunders: Pluladelphia, 1995}

The terms “PD-1 binding fragment,” “antigen binding fragment thereof)”
“binding fragment thereof” or “fragment thereof” encompass a fragment or a derivative of an
antibody that still substantially retains its biological activity of binding to antigen (human PD-1)
and inhibiting its activity (e.g., blocking the binding of PD-1 to PDL1 and PDL2). Therefore,
the term “antibody {ragment” or PD-1 binding fragment refers to a portion of a {ull length
antibody, generally the antigen binding or variable region thereof. Examples of antibody
fragments include Fab, Fab', F{ab), and Fv fragments. Typically, a binding fragment or
derivative retains at least 10% of its PD-1 iﬂhibitory activity. In some embodiments, a binding
fragment or derivative retains at least 25%, 50%, 60%, 70%, 80, 90%, 95%, 99% or 100% ¢or
more} of its PD-1 inhibitory activity, although any binding fragment with sufticient affinity to
exert the desired biological effect will be useful. In some embodiments, an antigen binding
fragment binds {0 its antigen with an affinity that is at least two fold greater, preferably at least
fen times greater, more preferably at least 20-times greater, and most prefersbly at least 100-
times greater than the affinity with unrelated antigens. In one embodiment the antibody has an
affinity that s greater than about 10° liters/mol, as determined, e.g., by Scaichard analysis.

Munsen ef al. {1980) Analyi. Biechem. 107.220-239. it is also intended that a PD-1 binding
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fragment can nclude variants having conservative amino acid substitutions that do not
substantially alter its biologic aciivity.

"Fhamanized antibody"” refers to forms of antibodies that contain sequences from
non-human {e.g., murine} antibodies as well as human anfibodies. Such antibodies contain
minimal sequence derived from non-haman imrnunoglobulin. In general, the humanized
antibody will comprise substantially all of at least one, and typically two, variable domains, in
which all or substantially all of the hypervariable loops comespond to those of a non-human
immunoglobulin and all or substantially all of the FR regions are those of a human
imwnunoglobulin sequence. The humanized antibody optionally also will comprise at least a
portion of an inwnunogliobulin constant region (Fo), typically that of a human inununoglobulin
The humanized forms of rodent antibodies will geverally cornprise the sarse CDR sequences of
the parental rodent antibodies, although certain amino acid substitutions may be included to
nerease affinity, increase stability of the humanized antibody, or for other reasons.

The antibodies of the invention also include antibodies with modified {or blocked)
Fe regions to provide altered effector functions. See, ez, US, Pai. No. 5,624,821;
WOZO03/0863 10; WO2005/120571; WO2006/0057702; Presta (2006) Adv. Drug Delivery Rev.,
58:640-656. Such modification can be used o enhance or suppress various reactions of the
immune syster, with posstble beneficial effects in diagnosis and therapy. Alterations of the Fe
region include amino acid changes (substitutions, deletions and insertions), glvcosylation or
deglycosylation, and adding multiple Fe. Changes {o the Fe can also alter the half-life of
anttbodies in therapeutic antibodies, and a longer half-life would result in less freguent dosing,
with the concomutant increased convenience and decreased use of material. See Presta {2005}/
Altergy Clin. fmmunol 116:731 at 734-35,

“Fully human antibodyv” refers to an antibody that comprises human
immunoglobulin protein sequences only. A fully human antibody may contain murine
carbohvdrate chaing if produced in a mouse, i a roouse cell, orin g hybridoma derived from g
mouse cell. Similarly. “mouse antibody™ refers to an antibody which comprises mouse
immunoglobualin sequences onlv. A fully human antibody may be generated in a human being, in
a transgenic amimal having human immumoglobulin germline sequences, by phage display or
other molecular biological methods.

"Hypervariable region” refers to the amino acid residues of an antibody that are
responsible for antigen-bindimg. The hypervariable region comprises amino acid residues from a
“complementanty determining region” or "CDR" (e.g residues 24-34 (CDRL1), 50-56 (CDRL2)
and §9-97 (CDRL3) in the hight chain variable dorvain and residues 31-35 (CDRH1), 50-65
{CDRH2) and 95-102 (CDRH3) in the heavy chain variable domain as measured by the Kabat
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numbering svstem {Kabat ef a/. (1991} Sequences of Proteins of Immumological Interest, 5th Ed.
Public Health Service, Naiional Institutes of Health, Bethesda, Md.)} and/or those residues from a
“hypervariable loop” (e residues 26-32 (L1}, 50-52 (L2} and 91-96 (L3} in the light chain
variable domain and 26-32 {(H1}, 53-55 (H2) and 96-101 (H3) in the heavy chain variable
domain {Chothia and Lesk (19871 J. Mol Biol 196 901-917). As used herein, the {erm
“framework” or "FR" residues refers to those variable domain residues other than the
hypervartable region residues defined herein as CDR residues. CDR and FR residues are
determined according to the standard sequence definition of Kabat. Kabat ef o/ {1987}
Sequences of Proteins of Immunological Interest, National Institutes of Health, Bethesda Md.
“Conservatively modified vaniants™ or “conservative substitution” refers to
substitutions of amunoe acids that are known to those of skill i thus art and roay be made
generally withowt altering the biological activity of the resulting molecule, even in essential
regions of the polypeptide. Such exemplary substitutions are preferably made in accordance

with those set forth in Table 1 as follows:

Table 1. Exemplary Conservative Amino Acid Substifutions

Original ressdueiConservative substitution
Ala{A) Glv: Ser
Arg (R) Lys, His
Asn {N) Gln: His
Asp (D) Gl Asn
Cvs (C) Ser; Ala
Glo () Asn
Glu (BE) Asp: Gln
Glv ((G) Ala
iHis (H) Asn: Gln
fle (1) Leu; Val
Leu (L) ile; Val
Lyvs (K) Arg: His
Met (M) Leu; He: Tyr
Phe (F) Tvr, Met, Leu
Pro (P} Ala
Ner (8) Thr
Thr (T) Ser
Trp (W) Tyr Phe
Tvr {Y) Trp; Phe

Jal (V) ile; Leu

in addition, those of skill in this art recognize that, in general, single amino acid

substitutions in non-essential regions of a poly peptide do not substantially alter biological
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activity. See, e.g., Watson ef af. (1987 Molecular Biology of the Gene, The
BenjamiryCununings Pub. Co., p. 224 (4th Edition).

The phrase "consists essentially of," or variations such as "consist essentially of”
or "consisting essentially of," as used throughout the specification and claims, indicate the
inclusion of any rectied elements or group of elements, and the optional inclusion of other
elements, of similar or different nature than the recited elements, that do not materially change
the basic or novel properties of the specified dosage regimen, method, or composition. As a non-
limiting example, a binding compound that consists essentially of a recited amino acid sequence
may also include one or more amino acids, including substitutions of one or more amino acid
residues, that do not materially affect the properties of the binding compound.

“Comprising” ot vatations such as “comprise”, “comprises” or “coraprised of”
are used throughout the specification and claims in an inclusive sense, i.e., to specify the
presence of the stated features but not to preclude the presence or addition of further features that
may matenially enhance the operation or utility of any of the embodiments of the mvention,
unless the context requires otherwise due to express language or necessary implication,

"Isolated antibody " and “isolated antibody fragment” refers {o the purification
status and in such contexi means the named molecule is substantially free of other biological
molecudes such as nucleic acids, proteins, lipids, carbohyvdrates, or other material such as cellnlar
debris and growth media. Generally, the term "isolated” 1s not intended to refer to a complete
absence of such material or to an absence of water, buffers, or salls, unless they are present i
amounts that substantially inferfere with experimental or therapeutic use of the binding
compound as described herein.

"Monocional anfibody” or “mAb” or “Mab”, as used herein, refers to a population
of substantially homogeneous antibodies, i.¢., the antibody molecules comprising the popalation
are identical in amino acid sequence except for possible naturally occurting nmutations that may
be present in minor arnounts, Tn contrast, conventional {polvelonal} antibody preparations
typically include a multitude of different antibodies having different amino acid sequences in
their variable domains, particularly their CBRs, which are often specific for different epitopes.
The modifier "monoclonal” indicates the character of the antibody as being obtained froma
substantially bomogeneous popudation of antibodies, and is not to be construed as requiring
production of the antibody by any particular method. For example, the monoclonal antibodies to
be used in accordance with the invention may be made by the hvbridoma method first deseribed
by Kohler er al. (1975} Nature 256: 495, or may be made by recombinant DNA methods {see,
e.g., U.S. Pat. No. 4,816,567). The "monoclonal antibodies” may also be isolated from phage
antibody libraries using the techniques described in Clackson ef o/, (1991} Naiure 352 624-628
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and Marks ef o, {19917 Mol Biol, 222: S81-597, for example. See afso Presta (2005} .7
Allergy Clin. Immunol. 116731

"Tumor” as it applies 1o a subject diagnosad with, or suspected of having, a cancer
refers to a malignant or potentially malignant neoplasm or tissue mass of anv size, and includes
primary tumors and secondary neoplasms. A solid tumor is an abnormal growth or mass of tissue
that usually does not contain cysts or iquid areas. Different types of solid tumors are named for
the type of cells that form them. Examples of solid tumors are sarcomas, carcinomas, and
lymphomas. Leukemias {cancers of the blood) generallv do not form solid tumors (National
Cancer Institute, Dictionary of Cancer Terms).

The term "tumor size” refers to the iotal size of the tumor which can be measured
as the length and width of a tumor. Tumor size may be determined by a variety of methods
known 1n the art, such ag, e.g. by measuring the dimensions of tumor{s) upon removal from the
subject, e.g., using calipers, or while in the body using imaging techniques, e.g., bone scan,
ultrasound, CT or MRI scans.

“Tumor Proportion Score (TPS)” refers to the percentage of tumor cells
expressing PD-L1 on the cell memwbrane at any ntensity (weak, moderale or strong}. Linear

partial or complete cell membrane staining 1s interpreted as posttive for PD-L1.

“Mononuclear inflammatory density score (MIDS)” refers to the ratio of the
number of PD-L1 expressing mononuclear mflaromatory cells (MIC) iofiltrating or adjacent to
the tumor {small and large tvmphocytes, monocyies, and macrophages within the tumor nests
and the adjacent supporting stroma) compared to the total number of tumor cells. The MIDS s
recorded at a scale from O to 4 with O=none; T=present, but less than one MIC for every 100
tumor cells (<1%j; 2=at least one MIC for every 100 tumor cells, but less than one MIC per 10
tumor cells (1-9%) 3=at least one MIC for every 10 tumor cells, but fewer MIC's than wmor

cells (10-99%); 4=at least as many MIC's as tumor cells (2100%).

“Combined positive score {CPSY” refers 1o the ratio of the number of PD-L1
posiiive tumor cells and PD-L1 positive mononuclear mflammatory cells (MIC) within the tumor
nests and the adjacent supporting stroma {(numerator) compared to the total mamber of fumor
cells {denominator; 1., the number of PD-L1 posifive and PD-L1 negative tumor cells). PD-L1
expression at any intensity i considered positive, Le., weak (1+), moderate (24}, or strong (3+).

“PD-L1 expression positive” refers to a Tumor Proportion Score, Mononuclear
Inflammatory Density Score or Combined Positive Score of at least 1%; AlS 15 > 5; or elevated
level of PD-L1 expression {protein and/or mRNA} by malignant cells and/or by mfiltrating

immune cells within a tumor compared to an appropriate conirol.
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“Microsatellite insability (MSEY" refers to the form of genomuc wnstability
associated with defective DNA mismatch repair in tuimors. See Boland et al., Cancer Hesearch
58, S25B-5257, 1998, In one embodiment, M3 analvsis can be camed out using the five
National Cancer Institute (NCI recommended microsatellite markers: BAT23 (GenBank
accession no. 98345083, BAT26 (GenBank accession no. 9834503), DS58346 (GenBank
accession no, 181171}, D28123 (GenBank accession no. 187953}, D178250 (GenBank accession
no. 177030} Additional markers for example, BAT40, BAT34C4, TGF-B-RI and ACTC can be
used. Commercially available kits for MSI analysis include, for example, the Promega MSI
multiplex PCR assay, FoundationOne® CDx (F1CDx) next generation sequencing based in virro
diagnostic device using DNA isolated from formalin-fixed, paraffin-embedded (FFPE) tumor

{isSue specinens,

"High frequency microsatellite instability” or “microsatellite instability-high
{(MSIE-H)" refers to if two or more of the five NCI markers indicated above show mstabilitv or

>30-40% of the total markers demonsirate instability (i.e. have insertion/deletion mutations).

"Wor-MSE-H cancer” as used herein refers {0 microsaielhile stable (MS8) and low

frequency MSI (MSI-L} cancer,

"Microsatellite Stable (MSS)" refers to if none of the five NCT markers indicated

sbove show instability (i.e. have insertion/deletion mutations).

"Proficient mismatch repair (pMMR} cancer” refers (o normal expression of
MMR proteins {(MLH1, PMS2, MSH2, and MSH$) in tumor specimen by IHC. Commercially
available kits for MMR analysis inchude the Ventana MMR THC assay.

"Mismatch repair deficient (dMMR) cancer” refers to low expression of one or
more MMR protein(s) (MLHI, PMSZ, MSH2, and MSH6) in a tumor specimen by IHC.

“Variable regions”™ or “V region” as used herein means the segment of 1gG chains
which s vartable in sequence between different anfibodies. It extends to Kabat residue 109 1n
the light chain and 113 in the heavy chain.

The term "buffer” encompasses those agents which maintain the solution pH of
the formulations of the imvention in an acceptable range. or, for lvophilized formulations of the
mvention, provide an acceplable solution pH prior 1o lvophilization,

The termos "lvophilization,” "lvophilized.” and "freeze-dried" refer to a process by
which the matenal 1o be dried 1s first frozen and then the ice or frozen solvent is removed by
sublimation in a vacuum environment. An excipient may be included in pre-lvophilized

formulations to enhance stability of the lvophilized product upon storage.
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The term "pharmaceutical formlation” refers to preparations which are in such
form as to permit the active ingredients to be effective, and which contains no additional
componenis which are toxic to the subjects to which the fornulation would be administered.
The term “forrouiation” and “pharmacewiical formmiation” are used inferchangeably throughout

"Pharmaceutically acceptable” refers to excipients {vehicles, additives) and
compositions that can reasonably be administered to a subject to provide an effective dose of the
active ingredient emploved and that are "generally regarded as safe” e.g., that are physiologically
tolerable and do not typically produce an allergic or similar untoward reaction, such as gastric
upset and the like, when adnunistered to a buman. In another emboduuent, this term refers to
molecular entities and compositions approved by a regulatory agency of the federal or a state
government or listed in the U.S. Pharmacopeia or another generally recognized pharmacopera for
use in animals, and more particularly in humans.

A "reconstituted” formulation 13 one that has been prepared by disselving a
yophilized protein formulation in a dilnent such that the protein is dispersed in the reconstifuted
formoulation. The reconstituted fornudation is suitable for administration, e g. parenteral or
intravenous administration, and may optionally be suitable for subcutaneous administration.

"Reconstitution time" is the time that is required to rehydrate a lvophilized
formudation with a solulion to a particle-free clarified solution.

A "stable” formulation is one in which the protein therein essentially retains its
physical siabihity and/or chemical stability and/or biological activily upon storage. Various
analytical techniques for measuring protein stability are available in the art and are reviewed in
Peptide and Protein Drug Delivery, 247-301, Vincent Lee Ed., Marcel Dekker, Inc., New York,
NY., Pubs. (1991} and Jones, A, Ady. Drug Delivery Rev. 10:29-90 (1993, Stability can be
measured at a selecled temperature for a selected time pertod. For example, in one embodiment,
a stable formulation 1s a formulation with no significant changes observed at a refrigerated
ternperature (2-8° C) for at least 12 months, In another embodiment, a stable formudationis a
formulation with no significant changes observed at a refrigerated temperature (2-8° C) for at
least 18 months. In another embodiment, stable formulation 1s a formulation with no significant
changes observed at room temperature {23-27°C) for at least 3 months. In another embodiment,
stable formulation is & formulation with no significant changes observed at room temperature
{23-27°C) for at feast 6 months. In another embodiment, stable formulation is a formulation with
no significant changes observed at room temperature (23-27°C) for at least 12 months. In
another embodiment, stable formulation is a formulation with no significant changes observed at
room temperature (23-27°C) for at least 18 months. The criteria for stabtiity for an antibody
formulation are as follows. Typicaily, no more than 10%, preferably 3%, of antibody monomer
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is degraded as measured by SEC-HPLE, Typically, the formulation is coloriess, or clear o
shightly opalescent by visual analvsis. Typically, the conceniration, pH and osmolality of the
formudation have no more than +/-10% change. Potency s tvpically within 60-140%, preferably
80-1209% of the conirol or reference. Typically. no more than 10%, preferably 5% of clipping of
the antibody is observed, 1.e., % low molecular weight species as determined, for example, by
HP-SEC. Typically, no more than 10%, preferably no more than 5% of ageregation of the
antibody is observed, i.e. % high molecular weight species as determined, for example, by HP-
SEC.

An antibody "retains tts physical stabihiy” in a pharmaceutical forroulation if i
shows no significant increase of aggregation, precipitation and/or denaturation upon visual
exannation of color and/or clarity, or as measured by UV light scattering, size exclusion
chromatography (SEC) and dynamic light scattering. The changes of protein conformation can
be evaluated by flucrescence spectroscopy, which determines the protein tertiary structure, and
by FTIR speciroscopy, which determines the protein secondary struchure.

An aniibody "retains its chemical stability” 1n a pharmaceutical formulation, 101
shows no significant chemical alteration. Chemical stability can be assessed by detecting and
quartifying chemically altered forms of the protein. Degradation processes that often alter the
protein chemical structure include hydrolysis or clipping {evaluated by methods such ag size
exclusion chromatography and SDS-PAGE), oxidation {evaluated by methods such as by peptide
mapping in conjunction with mass spectroscopy or MALDE/TOF/MS), deamidation {evaluaier
by methods such as ion-exchange chromatography, capillary isoelectric focusing, peptide
mapping, isoaspartic acid weasurement), and isomerization {evaluated by measuring the
isoaspartic acid content, peptide mapping, efc.}.

An antibody "retains iis biological activily” in a pharmaceutical formulation, if
the biological activity of the antibody at a given time is within a predeternuned range of the
biological activity exhibited at the time the pharmacewtical formulation was prepared. The
biological activity of an antibody can be determined, for example, by an antigen binding assay.
Formulations of the invention include antibodies and fragments thereof that are biologically
active when reconstituted or in liquid form.

The term "isotonic” means that the formulation of inferest has essentially the same
osmotic pressure as human blood. Isotonic formulations will generally have an osmotic pressure
from about 270-328 mOsm. Shightly hypotonic pressure is 250-269 and slightly hypertonic
pressure is 328-350 mOsm. Osmotic pressure can be measured, for example, using a vapor

pressure or ice-freezing fype osmometer,
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A “non-reducng dissacharide” s a dissacharide not capable of acting as a
reducing agent because it does not contain or cannot be converted to contain a free aldehyde
group or a free ketone group. Examples of non-reducing dissachandes include but are not
limited to dissacharnides such as sucrose and irehalose.

“Pembrolizumab” (formerly known as ME-3473, SCH 900475 and
lambrolizumab) altematively referred to herein as “pembro,” is a humanized IgG4 mAb with the
structure desciibed in WHO Drug Information, Vol. 27, No. 2, pages 161-162 (2013) and which
comprises the heavy and light chain amino acid sequences and CDRs described in Table 2.
Pembrolizumab has been approved by the U.S. FDA as described i the Preseribing Information
for KEYTRUDA™ (Merck & Co., Inc., Whitehouse Station, NJ USA; iitial U.S. approval
2014),

As used herein, a “pembrolizumab variant” means a monoclonal antibody that
comprises heavy chain and light chain sequences that are substantially identical to those in
pembrolizumab, except for having three, two or one conservative aming acid substitutions at
positions that are locaied outside of the Hight chain CDRs and six, five, four, three, two or one
conservative amino acid substitutions that are located outside of the heavy chain CDRs, e.g, the
variant positions are located 1o the FR regions or the constant region, and optionally has a
deletion of the C-ternunal lysine residue of the heavy chain. In other words, pembrolizumab and
g pembrolizumab variant comprise identical CDR sequences, but dilfer from each other due to
having a conservaiive amino acid substitution at no more than three or six other positions in their
full Tength hight and heavy chaiv sequences, respectively, A pembrolizumab variant ts
substantially the same as pembrolizumab with respect 1o the following properties: binding
affirity to PD-1 and ability 1o block the binding of each of PD-L1 and PD-L2 10 PD-1

“PH 207 refers 1o the wild-type PH20 hyvaluronidase of SEQ ID N{O: 21

“PH20 variant” as used herein is a variant of PH20 that has aroino acid residue
substifutions including M345T, 8347T, M348K, K349E, L3520, L353A, L3541, D355K,
N356E, E359D, and 1361T i SEQ 1D NO: 21

A “PH20 variant fragment” or “PH20 variant fragment thereof™ “or “fragment of
a PH20 varant” 15 a PH2( variant that has either an N-terminus deletion of armno acid residues
136, 1-37, 138, 1-39, 1-40, 1-41, or 1-42 of SEQ ID NO: 21; and/or a C-terminus deletion of
amino acid residues 455-509, 456-509, 457-509, 458-509, 459-509, 460-509, 461-509, 462-509,
463-509, 464-509, 465-509, 466-509, 467-509, 468-509, 469-509, 470-509, 471-509, 472-509,
473-509, 474-509, 475-500, 476-309, 477-509, 478-309, 479-509, 480-309, 481-509, 482-509,
483-509, 484-509, 483-309, 486-509, 487-509, 488-309, 489-509, 400-509, 491-309, 492-509,
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493-509, 494-509, 493-509, 496-509, 497-509, 498-309, 499-509, S00-509, 501-509, S62-509,
5(3-309, 504-509, 505-509, 506-509, S507-509, S08-509, or 509, wherein the numbering is by
reference o SEQ 1D NG: 21,

“Unit” or “U” refers to One unit of Hyaluronidase activily: amount of PH20
variant or fragment thereof that causes a change in the optical density at 600 ni at conditions
suitable for reaction of hyaluronic acid and the enzyme and calculated according o a calibration
curve using an activity standard. An example of the assay is described in Example 4.
Hyaluronic acid (HA) binds to albumin and the albumin-HA complex develops turbidity. When
HA 15 bvdrolyzed by hyalurorsdase, turbidity of alburnin-HA complex is reduced. As such, ths
assay measures turbidity to determine hyaluronidase enzyme activity of PH20 variants or
fragments thereof. Hyaluromdase activity is based on the following reaction:

Hyaluronic acid - > Di- and monosaccharides + smaller hyahwonic acid fragments.
Oue skilled 1n the art understands that the hvalurodindase activity in Units per mg of
hiyaluronidase can vary depending on the purity, manufacturing process ete. of the hyaluronidase.
i one erobodiroent, 2000U/ml of PH2O variant fragment 2 is about 0.012 mg/ml, 4000U/ml of
PH20 variant fragment 2 is abowt 0.024 mg/mi, and 5000U/ml of PH20 variant fragment 2 is

about 0,030 mg/mi.

Formulations of the Invention

The mvention includes various formulations of a PD-1 antibodyv, or antigen
binding [ragroent thereot and a PH20 variant or fragment thereof, as described in more detail,
infra. For example, the invention includes formulations comprising (i) an anti-PD-1 antibody or
antigen binding fragment thereof and a PH20 vanant or fragment thereof. (i) a buffer (e.g.,
histidine or acetate), (313} a non-reducing dissacharide {e.g., a non-reducing dissacharide such as
sucrose of trehalose; {1v) a non-tonic surfactant (e.g., polysorbate 80); and (v) an antioxidant

{e.¢., methionine).
in one aspect, the invention provides a formulation comprising:

a} about 20 mg/mL to about 200 mg/mb of an anti-human PD-1 antibody, or antigen
binding fragment thereof,

b) about 0.0009 — 0.035 mg/mi of PH20 variant or fragment thereot

) about 5 mM to about 20 mM buffer;

d} about 1% 1o about 10% weight/volume (w/v) of a non-reducing dissacharide
selected from the group consisting of sucrose and trehaloge;

&} about 0.001 % to about 0. 10% non-1onic surfactant; and, optionally

) about 1 mM to about 30 mM anti-oxidant.
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In another aspect, the invention provides a formulation comprising’
a} about 100 mg/mL to about 185 mg/mwl of an anti-human PD-1 antibody, or
antigen binding fragment thereof,

b} about 0.01 - 0.04 mg/mi of PH2( vanant or fragment thereof

c} about 3 mM to about 20 mM histidine buffer;

d) about 6% 10 abowt 8% w/v sucrose;

e} about 0.01 % to about 0.04% w/v polysorbate 80; and optionally

iy about 5 mM fo about 20 roM L-methionine, or a pharreaceutically acceptable salt
thereof.

In another aspect, the invention provides a formulation comprising:
a} about 100 mg/mL to about 165 mg/mL of an anti-human PD-1 antibody, or
antigen binding fragment thereof]

b} about 0.012 ~ 0.030 mg/ml of PH20 varniant or fragment thereof]

c) about 5 mM 1o about 20 mM histidine buffer;
d} about 6% 1o about 8% wi'v sucrose;

e} about 0.0 % to about 0.04% w/v polysorbate 80; and optionally
£ about 5 mM to abowt 20 mM L-methionine, or a pharmaceutically acceptable calt
thereof.
In & further aspect, the invention provides a formudation, comprising:
ay about 130 mg/ml. of an anti-human PD-1 antibody, or antigen binding
fragment thereof,
b) about 0.012 mg/ml of PH20 or PH20 variart or fragment thereof,
cl about & mM to abowt 12 M histidine buffer;
d} optionally, about 5 mM o about 10 mM L-methionine, or a
pharmaceutically acceptable salt thereof,
) about 6% to about 8% w/v sucrose; and
£ 0.01 % to about 0.04% w/v polysorbate 80,
In a further aspect, the invention provides a formulation comprising
&) about 130 mg/mL of an anti-hursan PD-1 antibody, or antigen binding
fragment thereof,
b} about 0.024 mg/ml of PH20 or PH20 vanant or fragment thereof)
¢} about & mM to about 12 mM histidine buifer;
d optionally, about 3 M to about 10 mM L-methionine, or a
pharmaceutically acceptable salt thereof]
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&} about 6% to abowt 8% wiv sucrose; and
£ 0.01 % to about 0.04% w/v polysorbate 80,
In a further aspect, the invention provides a formulation comprising:

a} about 130 mg/md. of an anti-hurnan PD-1 antibody, or antigen binding
5 fragment thereof,

by abowt 0,030 mg/mi of PH20 or PH20 variant or fragment thereof’

c} 8 mM to about 12 mM histidine buffer,

d} optionally, about 5 mM to about 10 mM L-methionine, or a

pharroaceutically acceptable salf thereof,

10 ) about 6% to about 8% w/v sucrose; and

£) 0.01 % to about 0.04% w/v polysorbate 80.

In a further aspect, the invention provides a formulation comprising:

aj) about 165 mg/md of an anti-human PD-1 antibody, or antigen binding
fragment thereof,
is b} about 0.012 mg/mi of PH20 or PH20 vanant or fragrent thereof,

o} about & mM 1o abowt 12 mM histidine buf¥er;

&) optionally, about 5 mM to about 10 mM L-methionine, or a
pharmaceutically acceptable salt thereof

9] about 6% to about 8% w/v sucrose; and

20 £ about 0.01 % to about 0.04% w/v polysorbate 80,

In a further aspect, the invention provides a formulation comprising:

&) about 165 mg/mL of an anti-hursan PD-1 antibody, or antigen binding
fragment thereof,

b} about 0.024 mg/ml of PH20 or PH20 vanant or fragment thereof)

23 ] about 8 mM to about 12 mM histidine buffer;
) optionally, about 5 mM io about 10 mM L-methioning, or a
pharmaceutically acceptable salt thereof:
e} aboui 6% to about 8% w/v sucrose; and
£ about 0.01 % to about 0.04% w/v polysorbate 80,
36 In 4 further aspect, the invention provides a formulation comprising:

a) about 165 mg/mL of an anti-human PD-1 antibody, or antigen binding
fragment thereof;

[3); about 0.030 mg/mi of PH20 or PH20 variant or fragment thereof;

) about 8 mM to about 12 mM histidine buffer,
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d) optionally, about 5 mM o about 10 mM L-methionine, ora
pharmaceutically acceptable salt thereof,

e} about 6% to about 8% wiv sucrose; and

£ about 0.01 % to about 0.04% w/v polysorbate 80.

in one embodiment of the foregoing aspects of the invention,
the formulation has a pH between abowt 5.0 and about 6.0, In one embodiment, the formulation
has a pH between 5.3 and 5.8. In one erobodiment, the fornuulation has a pH around 5.5.

In one embodiment of the foregoing aspects of the invention, the buffer is a
histidine buffer. fn another embodiment, the histidine buffer is present at a concentration of
about 5 mM to about 20 mM. In one embodiment of the foregoing aspects of the mvention, the
istidine buffer 1s present at a concentration of about 8 roM to about 12 oM. Inn one erobodirvent
of the foregoing aspects of the invention, the histidine buffer is L-histidine. In one embodiment
of the foregotng aspects of the invention, the buffer 15 about 10 raM histidine. In one
embodiment of the foregoing aspects of the invention, the buffer is about 10 mM L-lustidine.

in one embodiment of the foregoing aspects of the invention, the anii-oxidani is
L-methionine or a pharmaceutically acceptable salt thereof In one embodiment of the foregoing
aspects of the mvention, the anti-oxidant is about 1 mM 1o about 30 mM L-methionine or a
pharmaceutically acceptable salt thereof. In one embodiment of the foregoing aspects of the
invention, the anti-oxidant 1s about 1 mM to about 20 mM L-methionine or a pharmaceutically
accepiable salt thereof. In a further embodiment, the anti~oxidant is L-methionine or a
pharmaceutically acceptable salt thereof, which is present at a concentration of about 5 mM to
about 1S mM. In another embodiment, the L-methionine, or a pharmaceutically accepiable salt
thereof is present at a concentration of about 10 mM. In one embodiment of the foregoing
aspects of the invention, the L-methionine or a pharmaceutically acceptable sall thergolis L~
methionine-HCL

In one embodiment of the foregoing aspects of the invention, the non-reducing
dissacharide is sucrose or trehalose. In one embodiment, the sucrose, or trehalose is about 3% to
about 10% weight/vohame {w/v}. In another erbodiment, the sucrose, or trehalose te abowt 6% 1o
about 8% weight/volume (w/v). In one embodiment, the sucrose is present at approximately 7%
WiV,

in a further embodiment of the foregoing aspecits of the invention, the non-ionic
surfactant 13 polysorbate 80, 60, 40 or 20. In another embodiment, the non-ionic surfactant is
present at approximately 0.005-0.10% w/v. In another embodiment, the non-ionic surfactant is
present al approximately 0.005-0.02% w/iv. In ancther embodiment, the non-ionic surfactant is
polysorbate 80, which is present at approximately 0.02% w/v. In one embodiment of the
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foregoing aspects of the tnvention, the non-onic surfactant is about 0.01 % {o about 0.04% wiv
polysorbate 80. In one embodiment of the foregoing aspects of the invention, the non-ionic

surfactant 15 about 0.02 % w/v polysorbate 0.

Anti-PD-1 Antibodiss and Antigen-Binding Fracroents Thereof

The mvention provides stable biological formulations comprising antibodies or
autigen binding fragments thereof, which specifically bind to huroan PI>-1 {e.g. a huruan ot
humanized anti-PD-1 antibody) and a PH20 variant or fragments thereof, as well as methods for
using the formulations of the invention. In particular embodimentis, the anti-FD-1 antibody 15
selected from pembrolizumab and nivolumab. In specific embodiments, the anti-PD-1 antibody
is pernbrolizumab or pembrolizurnab vanant, In altemative embodiments, the anti-PD-1
antibody is nivolumab. Table 2 provides amino acid sequences for exemplary anti-human PD-1
antibodies pembrolizumab and nivolumab.

in some embodiments, an anti-human PD-1 antibody or antigen binding fragment
thereof for use in the fornulations of the invention comprises a light chain vanable region
comprising three light chain CDRs of CDRLY, CDRLZ and CDRL3 and a heavy chain variable
region comprising three heavy chain CDRs of CDRHI, CDRHZ and CDRH3.

in one embodiment of the invention, CDRLI is SEQ 3 NG:1 or a vaniant of SEQ
D NG, CDRLZ 1s SEQ ID NG:2 or a vanant of SEQ ID NO:2, and CDRL3 15 SEQ ID NOG:3
or a vanant of SEQ ID NO:3.

In one embodiment, CORHI is SEQ 1D NO:6 or a variant of SEQ ID NO:s,
CDRH2Z 15 SEQID NG: 7 or a variant of SEQ IDNG.7, and CDRH3 s SEQIDNG:8 ora
variant of SEQ ID NOG:8.

in one embodiment, the three light chain CDRs are SEQ ID NGO, SEQ IDNG:2,
and SEQ 1 NO:3 and the three heavy chain CDRs are SEQ ID NO:6, SEQ ID NO:7 and SE(G
IDNOR

in an alternative embodiment of the invention, CDRLI s SEQID NOG: 1l ora
variant of SEQ ID NO: 1, CDRLZ 15 SEQ 1D NG:12 or a vartant of SEQ 1D NO112, and CDRLS
is SEQ} 1D NO:13 or a variant of SEQ ID NG: 13

in one embodiment, CORHT 15 SEQ 1D NGO 16 or a vanant of SEQ ID NO: 16,
{DRH2 is SEQ ID NG:17 or a variant of SEQ ID NO:17, and CDRH3 is SEQ ID NG 18 ora
variant of SEQ TDNO: 18

in an altemative embodiment, the three Hight chain CDRs are SEQ ID NO: 11,
SEQ 1D NO:12, and SEQ ID NO:13 and the three heavy chain CDRs are SEQ ID NO:16, SEQ
D NG 17 and SEQ ID NO: 1S,
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Anti-PD-1 binding fragments of the formulations of the invention comprise a light
chain variable region and a heavy chain variable region. In some embodiments, the light chain
variable region comprises SEQ ID N4 or a variant of SEQ 1D NG4, and the heavy chain
variable region comprises SEQ ID NO:9 or a variant of SEG 1D NO9. In further embodiments,
the hight chain variable region comprises SEQ ID NO: 14 or a variani of SEQ ID NO: 14, and the
hieavy chain variable region comprises SEQ 1D NO: 19 or a variant of $EQ ID NG 19, Insuch
embodiments, a variant light chain or heavy chain variable region sequence is identical to the
reference sequence except having one, two, three, four or five amino acid substitutions. In some
embodiments, the substitutions are in the framework region (Le., outside of the CDRs).  In soroe
embaodiments, one, two, three, four or five of the anuno acid substitutions are conservative
substitutions.

In one embodiment of the formulations of the invention, the antibody or antigen
binding fragment comprises a light chain vanable region comprising or consisting of SEQ ID
N4 and a heavy chain variable region comprising or consisting SEQ ID NO'9. In a further
embodiment, the aniibody or antigen binding fragment comprises a light chain vanable region
comprising or consisting of SEQ ID NO:14 and a heavy chain variable region comprising or
consisting of SEQ ID NO:19.

in another embodiment, the formulations of the invention comprise an antibody or
antigen binding fragment that has a V. domain and/or a Vu domain with at least 95%, 90%, 85%,
80%, 75% sequence homology 10 one of the Vi domains or Vi domains described above, and
extubits specific binding to PD-1. In another embodiment, the antibody or antigen binding
fragment of the formulations of the invention comprises Vi and Vi domains havingupto 1,2, 3,
4 or 5 or more amine acid substitutions, and extubits specific hinding to PD-1.

In any of the embodiments above, the anti-PD-1 antibody may be a full-length
anti-PD-1 antibody that specifically binds human PD-1. In certain embodiments, the full-length
anti-PD-1 antibody selected from anv class of immunoglobuding, including TeM, TeG, gD, IgA,
and IgE. Preferably, the antibody is an IgG antibody. Any isotype of IgG can be used, including
12Gy, 126Gy, TG, and 1gGy. Dnfferent constant domains may be appended to the Vi and Vg
regions provided herein. For example, if a particular intended use of an antibody (or fragment}
of the invention were {o call for allered effector functions, a heavy chain constant domain other
than IgG1 may be used. Although [gG1 antibodies provide for long half-life and effector
fanctions, such as complement activation and antibody-dependent celhular cytotoxicity, such
activities may not be desirable for all uses of the antibody. In such instances an IgG4 constant

domain, for example, may be used.

- 26~



10

26

B2
=

36

WO 2022/066832 PCT/US2021/051641

In embodiments of the fvention, the anti-PD-1 antibody comprises a light chain
comprising or consisting of a sequence of amino acid residues as set forth n SEQ IDNOS and a
heavy chain comprising or consisting of a sequence of amino acid residues as set forth in SEG
ID NG:10. In altemnative embodiments, the anti-PD-1 antibody comprises a kight chain
comprising or consisling of a sequence of amino acid residues as set forth in SEQ ID NO: 15 and
a heavy chain comprising or consisting of a sequence of amino acid residues as sef forth in SEQ
1D NG:20. In some formulations of the invention, the anti-PD-1 antibody is pembrolizumab, a
pembroiizumab biosimilar or pembrolizumab variant. In some formudations of the invention, the
ant-PD-1 antibody is nivolumab or a nivolumab biosioular,

Ordinanly, anuno acid sequence variants of the anti-PD-1 antibodies and antigen
hinding fragroents of the invention will have an amino acd sequence having at least 75% amino
acid sequence identity with the amino acid sequence of a reference antibody or antigen binding
tragment {e.g. heavy chain, hight chain, Vi, Vi, or huroanized sequence), more preferably at least
80%, more preferably at least 85%, more preferably at least 90%, and most preferably at least
95, 98, or 99%, Identity or homology with respect 1o a sequence 15 defined herein as the
percentage of amine acid residues in the candidate sequence that are identical with the anti-PB-1
residues, after aligning the sequences and introducing gaps, if necessary, to achieve the
maximum percent sequence identity, and not considering any conservative substitutions as part
of the sequence 1dentity. None of N-terminal, C-terminal, or internal extensions, deletions, or
msertions o the antibody sequence shall be construed as affecting sequence identity or
homology

Sequence wdentity refers to the degree to which the amino acids of two
polypeptides are the same at equivalent positions when the two sequences are optimally aligned.
Sequence identity can be determined using a BLAST algorithm wherein the parameters of the
algorithin are selected to give the largest match between the respective sequences over the entire
length of the respective reference sequences. The following references relate to BLAST
algorithms often used for sequence analysis: BLAST ALGORITHMS: Alischul, 8. F. eral.,
(1990 1. Mol. Biol. 215.403-410; Gish, W, ef o/, {1993} Nature Genet. 3:266~272; Madden,
TL.etal, (1996) Meth. Enzyrmol. 266:131-141; Altschul, S ¥ er o, (1997) Nucleic Acids
Res. 25:3389-3402; Zhang, I, ef af., (1997) Genome Res. 7.649-656; Wootton, §.C., ef /.,
{1993) Coraput. Chem. 17:149-163; Hancock, J. M. er al., (1994) Comput. Appl. Biosci. 10:67-
70, ALIGNMENT SCORING SYSTEMS: Dayhott, MO, ef ol "A model of evolutionary
change n proteins.” in Atlas of Protein Sequence and Structure, (1978} vol. 5, suppl. 3. MLO.
Dayhoff (ed.), pp. 345-352, Natl. Biomed. Res. Found., Washington, DC, Schwartz, RM., ef ol
"Matrices for detecting distant relationships.” in Atlas of Protein Sequence and Structure, {(1978)
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vol. S, sappl. 3." M.O. Davhoff (ed.}, pp. 353-358, Natl. Biomed. Res. Found., Washingion, DC;
Alischul, S F. (1991} J. Mol. Biol. 219:355-565; States, D}, er ol , (1991 Methods 3:66-70;
Hembkoff, S, ef @/, €1992) Proc. Nath Acad. Sci. USA 89:10915-10919; Altschul, 8.F et af,
{19933 J. Mol Evol 36:290-300; ALIGNMENT STATISTICS: Karlin, $.. ef al, (1990) Proc.
Nail. Acad. Sci. USA 87:2264-2268; Katlin, S, ef o/, (1993} Proc. Natl. Acad. 5¢i. USA
90:5873-5877; Dembo, A, ef al., (1994) Ann, Prob. 22:2022-2039; and Altschul, $.F.
"Evaluating the statistical significance of multiple distinct local alignmenis.” in Theoretical and
Computational Methods in Genome Research (8. Schai, ed }, (1997) pp. 1-14, Plenum, New
York.

Likewise, either class of light chain can be used in the compositions and methods
herein. Specifically, kappa, lambda, or variants thereof are useful 1o the present compositions

and methods.
Additioval anti-PD-1 antibodies contenplated for use herein include MEDIOAR0

{U.S. Patent no. §609089), BGB-A317 (U.8. Patent publ no. 2015/0079109), INCSHR1210
(SHR-1210) (PCT International application publ. no, WO2015/085847), REGN-2810 (PCT
International application publ. no. W(2015/112800), PDROOT (PCT international application
publ. no, WO2015/112900), TSR-042 {ANBO11) (PCT International application publ. no.
WO2014/179664) and STI-1110 (PCT Interational application publ. no. W02014/194302); the
hurnanized antibodies h409A11, h409A16 and h409A17, which are described in
WO2008/156712, and AMP-514, which 1s being developed by Medimmune (publications here
ncorporated herein by reforence m ifs enfirety); cemiplirnab; camreli zumab; smtilimab;

tisielizumab; and toripalimab.

Table 2. Exemplary PD-1 Antibody Sequences

Antibody Amino Actd Sequence SEQ ID
Feature NOG.
Pembrolizumab Light Chain

{DR1 RASKGVYSTSGYSYLH 1

CDR2 LASYLES 2

CDR3 QHSRDLPLT 3

Variable EIVLTOSPATLSLSPGERATLSCRASKGVSTSGYSYLHWY {4

Region QQKPGQAPRLLIYLASYLESGVPARFSGSGSGTDFTLTISS
LEPEDFAVYYCQHSRDLPLTFGGGTEVEIK

Light Chain | EIVLTQSPATLSLSPGERATLSCRASKGVSTSGYSYLHWY |5

QUKPGOQAPRLLIYLASYLESGVPARFSGSGSGTDFTLTISS
LEPEDFAVYYCQHSRDLPLTFGOGTRKVEIKRTVAAPSVEL
FPPSDEQLKSGTASYVVCLLNNFYPREAKVOWEKVDNALG
SGNSOESVTEQDSKDSTYSLSSTLTLSKADYEKHEVYAC
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Antibody Amino Actd Sequence SEQ D
Feature NO.

EVTHOGLSSPVTKSFNRGEC

Pembrolizumab Heavy Chain

CDR1 NYYMY G
CDR2 GINPSNGGTNFNEKFKN 7
CDR3 RDYRFDMGEFDY B
Vartable QVOLVOSGVEVRKPGASYKVSCKASGYTFINYYMYWY {9
Region ROAPGOGLEWMGGINPSNGGTNENEKFKNRVTLTTDSST
TTAYMELKSLOQFDDTAVYYCARRDYRFDMGEDYWGQG
TTVTVSS
Heavy QVOLVQSGVEVKKPGASVEVSCRASGYTFINYYMYWY | 10
Chain ROQAPGQOGLEWMOGGINPSNGOTNINEKFENRVTLTTDSST
TTAYMELKSLOFRDTAVYYCARRDYRFDMGFDYWGQG
TTIVTVSSASTKGPSVEPLAPCSRSTSESTAALGCLVEDYF
PEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVES
SSLOTKTYTCNVDHEPSNTKVDKRVESKYGPPCPPCPAP
EFLGOGPSVEFLFPPKPEDTLMISRTPEVTICVVVDVSQEDPE
VOFNWYVDGVEVHNAKTKFREEQFNSTYRVVSVLTVLH
GDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVY
TLPPSQEEMTRNQVSLTCLVKGFYPSDIAVEWESNGQPE
NNYRKTTPPYLDSDGSFFLY SRLTVDRESRWOQEGNVESCSY
MHEALHNHY TOKSLSLSLGK
Nivolumab Light Chain
CDRI RASQSVSSYLA il
{CDR2 DASNRAT 12
CDR3 QOSSNWPRT 13

Variable EIVETOQSPATLSLSPGERATLSCRASQSVSSYLAWYQQKP | 14
Region GOAPRLLIYDASNRATGIPARFSGSGSGTDFTLTISSLEPE
DFAVYYCQQSSNWPRTFGQGTKVEIK
Light Chamn | EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQQKP | 15
GQAPRLLIYDASNRATGIPARFSGSGSGTDFTLTISSLEPE
DFAVYYCQQSSNWPRTFGQGTKVEIKRTVAAPSYFIFPPS
DEQLESGTASVVCLLNNFYPREAKVOWRVDNALQSGNS
QESYVTEQDSKDSTYSLSSTLTLSKADYEKHRKVYACEVTH
QGLSSPYTKSENRGHC

Nivolumab Heavy Chain

CDRI NSGMH 16
{DR2 VIWYDGSKRYYADSVKG i7
{DR3 NDDY i8
Variabie QVOLVESGGGVVQPGRSLRLDCKASGITFSNSGMHEWYR | 19
Region QAPGKGLEWVAVIWYDGSKRYYADSVKGRFTISRDNSK
NTLFLOMNSLRAEDTAVYYCATNDDYWGOQGTLVTVSS
Heavy QVOQLVESGGGVYVQPGRSLRLDCKASGITFSNSGMHWYR. | 20
Chain QAPGKGLEWVAVIWYDGSKRYYADSVKGRFTISRDNSK

NTLFLOMNSLRAEDTAVY YCATNDDYWGQGTLYTVSSA
STKGPSYFPLAPCSRSTSESTAALGULVKDYFPEPVTVSW
NSGALTSGVHTFPAVLOSSGLY SLSSVVTVPSSSLGTKTY
TOCNVDHKPSNTKYDKRVESKYGPPCPPUPAPEFLGGPSVE
LEFPPKPKDTLMISRIPEVTICVVVDVSQEDPEVOFNWYVD
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Antibody Amino Actd Sequence SEQ D
Feature NO.

GVEVHNAKTRPREEQFNSTYRVVSVLTVLHODWLNGKE
YRKCKVSNKGLPSSIEKTISKAKGQOPREPOQVYTLPPSQEEM
TENQVSLTCLVEKGFYPSDIAVEWESNGOPENNYKTTPPY
LDSDGSFFLYSRLTVDKSRWQEGNVIFSCSYMHEALHNH

YTORSLSLSLGK

in some embodiments of the formulations of the mvention, the anti-FI3-1
antibody or antigen binding fragment thereof {e.g. pembrolizumab;} i3 present in a concentration
of about 20 mg/ml o about 200 mg/mb. In some embodiments of the formulations of the
invention, the anti-FD-1 antibody or antigen binding fragment thereof {e.2. pembrolizumab) is
present in a concendraiion of about 90 mg/md. to about 200 mg/ml. In aliemative erabodimerns,
the anti-PD-1 antibody or antigen binding fragment thereof (e.g. pembrolizumab) is present in a
concentration of about 100 mg/mi to about 183 mg/ml. o sltemnative eroboduvents, the anti-
PD-1 antibody or antigen binding fragment thereof (e.g. pembrolizumab) is present in a
concentration of about 25 mg/rol, about 50 mg/ml, about 75 mg/ml, about 90 mg/mk, about
100 mg/mL, about 120 mg/mi, abount 125 mg/mL, about 130 mg/mL, about 150 mg/mi., about
165 mg/mb, about 167 mg/ml, about 185 mg/ml, and about 200 mg/mL.

in one embodiment, the anti-PD-1 antibody or antigen binding fragment thereof
{e.g. pembrolizumab) is present in a concentraiion of about 165 to about 170 mg/mi..

In one embodiment, the anit-PD-1 antibody or antigen binding fragment thereof
{e.g. pembrolizumab) is present in a concentration of about 165 mg/mlL.

In one embodiment, the anti-PD-1 antibody or antigen binding fragment thergof
(e g pembrolizumab) is present in a concentration of abowt 130 mg/mL.

in one embodiment, the anti-PD-1 antibody or antigen binding fragment thereof
{e.g. pembrolizumab} is present in a concentration of about 120 mg/mL.

in one embodiment, the anti-PD-1 antibody or antigen binding fragment thergof
{e g pembrolizumab) is present in a concentration of abowt 1060 mg/mL.

In additional embodiments, the anti-PD-1 antibody or antigen hinding fragment
thereof (e.g. pembrolizumab) is present in a concentration of from about 75 mg/mL to about 200
mg/ml,; from about 100 mg/ml to about 200 mg/md.; from about 25 mg/ml {o about 173
meg/mL; from about 30 mg/mL to about 175 mg/mL; from about 75 mg/mL o abowt 175 mg/mk;
frorn about 100 mg/rol to about 178 mg/mL; from about 25 mg/mL to abour 150 mg/ml; from
about 50 me/ml. to about 150 mg/mL; from about 75 mg/mL to about 150 mg/mL; from about

100 mg/mlL to about 150 mg/mb; from about 25 mg/ml to about 125 mg/ml.; from about 50
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meg/ml to about 125 mg/mL; from abowut 75 mg/mL to about 125 mg/rul; from about 23 mg/mlL
to about 100 mg/mL, from about 125 mg/mL to about 175 mg/ml. from about 125 mg/ml fo

about 200 mg/ml., or from about 25 mg/mL to 200 mg/mL.

PHZ0 Varianis and Fragments thereof

in one embodiment, the PHZ0 variant or fragment thereof further comprises an
aming acid residue substi{ution at one or more positions selected from the group consisting of
341, 1342, 8343, 1344 and N363. In one embodiment, the PH20 variant or fragment thereof
further comprises one or more amino acid residue substitutions selected from the group
consisting of T341A, T341C, T341D5, T341G, T3418, L342W, $343E, 1344N and N363G.
in one ermbodument of the PH20 vanant or fragment thereof, the amimo acud
residue substitutions are selected from the following amino acid residue substitution groups:
{a) T3415, L342W, 8343E, 344N, M345T, 83477, M348K, K349E, L3524, L353A, 13541,
355K, N3§6E, E359D and 1361 T,
(b L342W, S343E, 1344N, M345T, 83477, M348K, K349E, L3520, L3334, L3541, D355K,
N356E, E359D and 1361T;
{c) M345T, $347T, M348K, K349E, L3520, L353A, L3541, D355K, N356E, E359D, 1361T and
363G,
(d) T341G, L342W, §343E. 1344N, M345T, S347T, M348K, K349E, 13520, L353A, L3541,
D355K, N336E, E359D and 1361 T,
{e) T341A, L342W, S343E, 1344N, M345T, $347T, M348K, K349E, L3520, L353A, 13541,
D355K, N3SoE, E359D and 1361 T;
() T341C. L342W, $343E, 1344N, M345T. $347T, M348K, K349E, 13520, L353A, L3541,
D355K, N356E, E359D and 1361 T,
{g) T3410, L342W, S343E, 1344N, M343T, 83477, M348K, K349E, L3520, L353A, L3544,
D355K, N336E, E359D and 1361 T,
(h) 1344N, M3457T, 83477, M348K, K340F, L332Q, L353A, L3541, D335K, N336E, E339D
and 13617, and
(1) 8343E, 1344N, M345T, §347T, M348K, K349E, 13524, L353A, L3541 D355K, N336E,
E3590 and 1361T.
fn one embodiment of the PH20 variant or fragment thereof, the amino acid residue substitutions
consists of T3418, L342W, §343E, 1344N, M345T, 83477, M348K, K349E, L3523, L3534,
L3541, D355K, N356E, E359D and 1361T,
in one aspect of the foregoing embodiments of a PH20 variant fragroent, the
PH20 variant fragment has an N-terminus deletion of amino acid residues 1-36, 1-37, 1-38, 1-39,
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1-40, 1-41, or 1-42 of SEQ ID NO: 21, In another embodiment, the PH20 vanant fragment has
an N-termunus deletion of amino acid residues 1-36 of SEQ 1D NO: 21, In another embodiment,
the PH2Z0 variant fragment has an N-termimus deletionof amuno acid residues 1-37 of SEQ 1D
NO: 21 in another emnbodiment, the PH20 variant fragment has an N-terminus deletion of amino
acid residues 1-38 of SEQ D NO: 21

in ancther aspect of the foregoing embodimerds of a PH20 variant fragment, the
PH20 variant fragment has a C-lerminus deletion of amino acid residue{s) 455-509, 456-509,
457-509, 458-309, 459-309, 460-500, 461-509, 462-509, 463-509, 464-509, 463-509, 466-309,
467-309, 468-309, 469-309, 470-309, 471-509, 472-509, 473-509, 474-509, 475-509, 476-509,
477-509, 478-509, 479-509, 480-509, 481-509, 482-509, 483-509, 484-504, 485-509, 486-509,
487-30%, 488-509, 489-309, 490-509, 491-309, 492-509, 493-509, 494-509, 495-309, 496-509,
497-509, 498-509, 499-509, 500-509, S01-309, 502-509, S03-509, 504-509, S05-509, 506-509,
507-509, SO8-509, or 509, wheremn the numbering 15 1o reference to SEQ 1D NO: 21, Inone
embodiment, the PH20 vartant fragment thereof has a C-terminus deletion of amino acid
residues 455-309, 458-309, 461-309, 464-509, 463-309, 466-509, 467-509, 468-509, 470-309,
471509, 472-509, 473-509, 474-500, 475-509, 476-509, 478-509, 480-509, 482509, 484-509,
486-309, 488-509. or 490-509, wherein the numbering is in reference to SEQ ID NQG: 21, Inone
embodiment, the PH2Z0 vartant fragment has a C-terminus defetion of ammno acid residues 468~
509, wherein the numbering is in reference to SEQ 1D NG 21

in one embodiment, the PH20 variant fragment consists of the amino acid
sequence set forth in SEQ 1D NO: 22 0r 23, In other embodiments, the PH20 variant or

fragment thereol 1s any of the sequences disclosed 1o Table 11 of EP3636752.

Table 3: Hyaluronidase and exemplary varianis

Protein | Sequence SEQ
D

™~
iy

Wild- MGVLKFKHIFFRSFVKSSGVSQIVETFLLIPCCLTLNFRAPPVIPNVPFL

fype WAWNAPSEFCLGKFDEPLDMSLFSHIGSPRINATGQGVTIFYVDRLGY
PHZ0 YPYIDSITGVTYNGGIPQKISLODHLDKAKKDITFYMPVDNLGMAVID
WEEWRPTWARNWKPKDVYKNRSIELVOOONVOQLSLTEATEKAKQEF
EXAGKDFLVETIKEGKLLRPNHLWGY YLFPDCYNHHYKKPGYNGSCEN
VEIKRNDDLSWLWNESTALYPSIYLNTOQOSPVAATLYVRNRVREAIRVS
KIPDAKSPLEVFAYTRIVFTDOQVLKFLSQDELVYTFGETVALGASGIVIWG
TLSIMRSMKSCLLEDNYMETIENPYIINVTLAAKMCSQVLCQEQGVCIRKN
WNSSDYLBLNPDNFAIQUEKGOKFTVRGKPTLEDLEQESEKFYCSCYSTLS

-32.




(V]

16

15

WO 2022/066832

PCT/US2021/051641

CKEKADVKDTRAVDVUIADGYCIDAFLKPPMETEEPQL
FYNASPSTLSATMETVSILFLIISSVASL

PHZO LNFRAPPVIPNVPFLWAWNAPSEFCLOKFDEPLDMSLFSFIGSPRINATG 22

vatant | QOVTIFY VDRLGYYPYIDSITGVTVNGGIPOKISLQDHLDKAKKDITFYM

fragment | PYDNLGMAVIDWEEWRPTWARNWEKPKDVYKNRSIELVOQONVQLSLT

i EATEKAKQEFEKAGKDFLVETIKLGKLLRPNHLWGYYLFPDCYNHHEY KK
PGYNGSCFNVEIKRNDDLSWLWNESTALYPSIYLNTOOSPYVAATLY VRNR
VREAIRVSKIPDAKSPLPVFAYTRIVFTDQVLKFLSQDELVYTFGETVALGA
SGIVIWGTLSITRTKESCQAIKEYMDTTLNPYINVTLAAKMCSQVLCQEQG
VCIRKNWNSSDY LHINPDNFAIQLEKGGKFTVRGKPTLEDLEQFSEKFYC
SCYSTLSCKERADVKDTDAVDVCIADGVCIDAFLKPPMETEEPOIFY NASP
STLS

PH20 FRAPPVIPNVPFLWAWNAPSEFCLGKFDEPLDMSLESFIGSPRINATGQGYTE | 23

vartant | FYVDRLGYYPYIDSITGVTVNGGIPQKISLQDHLDE AKKDITFYMPYVDNLG

fragment | MAVIDWEEWRPTWARNWKPKDVYKNRSIELVOQONVOLSLTEATEKAKQ

2 EFEKAGEDFLVETIKLOKLLEPNHLWOY YLFPDCYNHHYKKPGYNGSCEN

VEIKRNDDLSWLWNESTALYPSIYLNTQORPVAATLYVRNRVREAIRVEKIP
BAKSPLPVFAYTRIVETDOVLKFLSQDELVYTFGETVALGASGIVIWGSWEN
TRIKESCQAIKEYMDTTLNPYINVTLAAKMCSQVLCQEQGVCIRKNWNSS

DYLHLNPDNFAJQLEKGGKFTVRGKPTLEDLEQFSEKFYCSCYSTLSCKEKA
DVKDT DAVDVCIADGVCIDAF

In some embodiments of the formulations of the invention, the PH2( vatiant or fragment

thereot is present in a concentration of about 0.006 mg/mb. In another embodiment, the

concentration of the PH20 variant or fragment thereof is about 0.009 mg/mL . In another

embodiment, the concentration of the PH20 variant or fragment thereof is about 0.012 mg/mL .

In another embodiroent, the concentration of the PH20 vaniant or fragment thereof is about 0.018

meg/mL . In another embodiment, the concentration of the PH20 variant or fragment thereof is

about 0.024 mg/ml. . To another emboditoent, the concentration of the PH20 vanant or fragroent

thereof is about 0.030 mg/mL . In another embodiment, the concentration of the PH20 vartant or

fragment thereof s about 0.036 mg/mL . In a further embodiment, the concentration of the

PH20 variant or fragment thergo{ is about 0.006-0.036 mg/mL .

In a further embodiment, the

concentration of the PH20 variant or fragment thereof is about 0.012-0.030 mg/mk. . In a further

embodiment, the concentration of the PH20 variant or fragment thereof is about 0.006-0.030

mg/ml . In a further embodiment, the concentration of the PH20 variant or fragment thereof is

about 0.006-0.012 mg/mL
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In some embodiments of the formulations of the invention, the PH20 variant or fragment
thereof is present in a concentration of about 1000 U/ml. In another embodiment, the
concentration of the PH20 variant or fragrment hereot 1 about 1500 Uiml. In another
embodiment, the concentration of the PHZ0 variant or fragment thereof is about 2000 U/ml. In
another embodiment, the concentration of the PH20 variant or fragment thereof is about 3000
U/ml, In another embodiment, the concentration of the PH20 variant or fragment thereof is
about 4000 U/ml. In another embodiment, the concentration of the PH20 variant or fragment
thereof is about S000 U/ml. In another embodiment, the concentration of the PH20 variant or
fragroent thereof 1s about 6000 Uimd. To a further embodument, the concentration of the PH20
variant or fragment thereof is about 1800-6000 U/ml. In a further embodiment, the
concentration of the PH20 vanant or fragment thereof 1s about 2000-5000 U/ml.

In some embodiments of the formulations of the invention, the PH20 vaniant or fragment
thercof 15 present in a concentration of about 0.0009 mg/mb. In another embodiment, the
concentration of the PH20 variant or fragment thereof is about 0.0018 mg/mL . In ancther
embodiment, the concentration of the PH20 variant or fragment thereol is about 0.0036 mg/ml. .
In another embodiment, the concentration of the PH20 variant or fragment thereof is about
0.0043 mg/mL . In a further embodiment, the concentration of the PHZ0 variant or fragroent
thereof 1s about 0.0009-0.030 mg/mL .

In some embodiments of the formulations of the invention, the PH20 variant or fragment
thereof 1s present i a concentration of about 156 U/mi. In another embodiment, the
concentration of the PH20 variant or fragment thereof 1s about 300 U/ml. In another
embodiment, the concentration of the PH20 variant or fragment thereof is about 600 U/ml. In
another embodiment, the concentration of the PH20 variant or fragment thereof 1s about 750
Ulrol. In a further ersbodiment, the concentration of the PH20 variant or fragment thereof is
about 150-5600 U/ml.

Formulation Excipients

In embodiments of the invention, the non-reducing dissacharnide is sucrose. In

additional embodiments, the non-reducing dissacharide is trehalose.
n some embodiments, the non-reducing dissacharide is about 6% to about 8%

w/v sucrose. In some embodiments, the non-reducing dissacharide 1s about 6% to about 8% wiv
{rehalose.

In still further embodiments, the sucrose, trehalose is present in an amount of
about 6% wiv, aboul 6.25% w/v, about 6.5% wiv, about 6.75% w/v, about 7% w/v, abouwt 7.25%
w/v, about 7.5% w/v, about 7.75% w/v or about 8% w/v.

4.
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In addition fo an anti-PD-1 antibody or antigen binding fragment thereof and
PH20 variant or fragment thereof, and a non-reducing dissacharide in the
amounts/concentrations specified above, the formulations of the invention may also comprise a
buffer. In some embodiments the buffer is present in an amount of about 5§ mM to about 20 mM.
In fiwther emnbodiments, the buffer has a pH ina range of about 5.0 to about 6.0, Tn still further
embodiments, the pH ts from about 5.3 to about 5.8, In other embodiments, the pH is from about
6.0 to about 6.4,

In particular embodiments, the buffer has a pH of abowt 5.0, about 5.1, about 5.2,
about 5.3, about 53 4, about 5.5, about 3.6, about 5.7, about 5.8, about 3.9, about 6.0, about 6.2 or
about 6.4. In specific embodiments of the invention, the buffer is histidine or acetate at a pH of
about 5.0 {0 about 6.0. In some embodiments, the buffer is an L-histidine buffer. In
embodiments where the formulation 1s lvophilized, it is preferred that the buffer is not acetate
because acetate buffer systeros are not compatible with the Ivophilization process.

When a range of pH valnes is rectted, such as “a pH between pH 5.5 and 6.0, the
range is intended (o be inclusive of the recited values. Unless otherwise indicated, for a
vophilized formulation, the pH refers to the pH after reconstitution of the lyophilized
formulations of the mvention. The pH is fypically measured at 25°C using standard glass bulb
pH meter. As used herein, a sohution comprising “histidine buffer at pH X7 refers to a solution
at pH X and comprising the histidine buffer, i.e. the pH 15 miended to refer to the pH of the
solution.

In addition to an anti-PD-1 anfibody or antigen binding fragment thereof and
PH20 vanant or fragment thereof, a non-reducing dissacharide, and a buffer in the
amounis/concentrations specified above, the formulations of the invention may also comprise an
anti-oxidant. In embodiments of the invention, the anli-oxadant 1s methionine. In embodiments
of the invention, the anti-oxidant is L-methionine, or a pharmaceutically acceptable salt thereof,
In further embodiments, the methionine is L-methionine. In other embodiments, the anti-
oxidants 1s L-methionine HCL

In some embodiments, the anti~-oxidant {e.g. L-methionine) is present in the
formutations of the invention in an amount of 1 mM to about 20 mM. In another embodiment,
the anti-oxidant 1s present in an amount of about 5 mM to about 20 mM. In a further
embodiment, the anti-oxidant is present in about 5 mM to about 15 mM. In a further
embodiment, the anti-oxidant is present in about S mM to about 10 mM. In additional
embodiments, the anti-oxidant 15 present in an amount of about 1 mM, about 2 mM, about 3 M,

about 4 mM, about 5 mM, aboul 6 mM, about 7 mM, aboul 8§ oM, about 9 mM, about 10 M,

t

(%)

Lo
v



n

10

B2
=

36

WO 2022/066832 PCT/US2021/051641

about T mM, about 12 mM, about 13 mM, about 14 mM, about 15 mM, about 16 mM, about 17
mb, about 18 mM, about 19 mM or about 20 mM.

In addition to an anti-PD-1 antibody or antigen binding fragment thereof, a PH20
varant or fragment thereof, a non-reducing dissacharide, a buffer, and an anti-oxidant in the
amounis/concentrations specified above, the formoulations of the invention may alse comprise a
surfactant. Surfactants that may be useful in the formulations of the invention include, but are
not imited to; nonienic surfactants such as polvoxyethylene sorbitan fatty acid esters
{Polvsorbates, sold under the trade name Tween® (Uniguema Americas LLC, Wilmington, DE})
necluding Polysorbate-20 {polyoxvethylene sorbitan roonolaurate), Polysorbate-40
{polvoxyethylene sorbitan monopalmitaie), Polysorbate-60 (polyoxyethviene sorbitan
monostearale), and Polysorbate-80 (polyoxyethylene sorbitan monooleate).

The amount of swiactant to be included in the formmdations of the mvention is an
amount sufficient to perform the desired function, 1.e. a mirumal amount necessary o stabilize
the active pharmaceutical ingredient {i.e. the anti-PD-1 antibody or antigen binding fragment
thereof or PH20 vanant or {ragment thereof) in the formulation. Typically, the surfactant is
present in a concentration of from about 0.005% to about 0.1% w/v. In some embodiments of
this aspect of the invention, the surfactant is present in the formulation in an amount from about
(.01% 1o about $.04%; from about 0.01% to about 0.03%, from about 0.01% to about 0.02%,
from about 0.015% to about 0.04%:; from about 0.015% to about 0.03%, from about 6.015% to
about 0.02%, from about 0.02% to about 0.04%, from about 0.02% o abowt 0.035%, or from
about 0.02% to about 0.03%. In specific embodiments, the surfactant is present in an amount of
about 8.02%. In altemative embodiments, the surfactant 1s present in an amownt of about 0.61%
sbout 0.015%. about 0.025%, about 0.03%, about 0.035%, or about 0.04%

In exemplary embodiments of the invention, the surfactant is a nonionic
surfactant selected from the group consisting of! Polysorbate 20, and Polysorbate 80, In
preferred embodiments, the surfactant is Polysorbate 30,

in specific embodiments, the formulations of the invention comprise about $.01%
10 about 0.04% PS3G. In further embodiments, the formulations of the invention comprise PSE0
in an amount of about 0.008%, about 0.01%, about 0.015%, about 0.02%, about 0.025%, about
(.03%, about 0.035%, about .04% or about 0.045%. In particular embodiments, the
formulations of the invention comprise about 0.02% PS80,

The invention also provides a formulation as deseribed heretn, wherein the
formulation is contained 1n a glass vial or injection device {e.g. asyringe). In one aspect, the
formutation 1s for subcutaneous administratton. In one embodiment, the viscostly of the
formulation is in the range of 7-90 ¢P at 5 °C. In another embodiment, the viscosity of the

36~
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formulation 1s in the range of 7-30 ¢P at § °C. In another embodiment, the viscosity of the
formulation is in the range of 7-50 ¢P at 20 °C. fn a further embodiment, the viscosity of the
formudation is in the range of 7-20 ¢P at 20 °C. In one embodiment, the viscostly i measured
using the USP <913> technique with a Mimi Visll viscometer by Grabner Instruments.

in additional embodiments, the mveniton provides formulations as described
herein, wherein after storage of the formwlation at 2-8 °C for 3 or 6 months, the % high
molecular weight species as measured by HP-SEC is <1 or 0.5%.

In additional embodiments, the invention provides formulations as described
herein, wherein after storage of the forroulation at 25 °C for 6, 3 ot 1 month, the % high
molecular weight species as measured by HP-SEC is <2 %.

In additional embodiments, the invention provides formulations as described
herein, wherein after siorage of the formulation at 40 °C for 3 months, the % high molecular
wetght species as measured by HP-SEC 15 <4 %, or < 5.0 %.

in additional embodiments, the inveniion provides formulations as described
herein, wherein afler siorage of the formulation at 40 °C for 6 mouths, the % high molecular
weight species as measured by HP-SEC is <11 %, or <12.0%.

In further embodiments, the invention provides formulations as described herein,
wheretn afier storage of the formulation at 5 °C for 1, 3 or 6 months, the % monomer as
measured by HP-SEC 15 2995 Y%,

In further embodiments, the mvention provides formulations as described herein,
wherein after storage of the formulation at 25 °C for 1, 3 or 6 months, the % monomer as
measured by HP-SEC 15 >98 %.

in further embodiments, the invention provides formulations as described herein,
whergin after storage of the formulation at 40 °C for 3 months, the % monomer as measared by
HP-SEC 15 293 %,

In further embodiments, the invention provides formulations as described herein,
wherein after storage of the formulation at § °C for 1, 3 or 6 months, the % acid variants as
measured by IEX is <20 %.

In further embodiments, the invention provides formulations as described herein,
wherein after storage of the formulation at 25 °C for 3 months, the % acid varianis as measured
by X 18 <24 o1 25 %,

In further embodiments, the invention provides formulations as described hergin,
wherein after storage of the formulation at 40 °C for 3 months, the % acid varianis as measured

by [EX 15 <55 %.
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Specific Aspacts and Embodiments of the Invention

In one embodiment, the mvendion provides a formulation, comprising:

a} about 100 10 about 163 rg/ml of an anti-human PD-1 antibody, or antigen
binding fragment thereof,

b} about 0.012-0.030 mg/mi of PH20 variant or fragment thereol

c} about 10 mM histidine buffer;

d) optionally, about 10 mM L-methionine, or a pharmaceutically acceptable salt
thereof,

e) about 7% w/v sucrose; and

f about 0.02 % w/v polysorbate 80.

In one embodiment, the invention provides a formulation, compnising:

a} about 130 mg/mL of an anti-human PD-1 antibody, or antigen binding fragment
thereof,

b) about 0.012 mg/mi of PH20 variant or fragment thereof]

c) about 10 mM histtdine buffer;

d) optionally, about 10 mM L-methionine, or a pharmaceutically acceptable salt
thereof]

e) about 7% w/v sucrose; and

D about 0.02 % w/v polysorbaie 80,

In one embodiment, the invention provides a fornudation, compnsing;

a) about 130 mg/mL of an anti-human PD-1 antibody, or antigen binding fragment
thereof;

b} about 0.024 mg/ml of PHZ0 vaniant or fragment thereof,

) about 10 mM histidine buffer;

) optionally, abouwt 10 mM L-methionine, or a pharmaceutically acceptable salt

thereof;
€} about 7% w/v sucrose; and
) about 0.02 % w/v polysorbaie 30,

In another embodiment, the invention provides a formulation, comprising:

aj about 130 mg/mL of an anti-human PD-~1 antibody, or antigen binding fragment
thereof,

b} about 0.030 mg/ml of PHI0 vanant or fragment thereof,

) about 10 mM histidine buffer;

d} optionally, about 10 mM L-methionine, or a pharmaceutically acceptable salt

thereof,
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e) about 7% w/v sucrose; and

£ about 0.02 % w/v polysorbate 80.

In another embodiment, the invention provides a formulation, comprising:

a) about 165 mg/mL of an anti-human PD-1 antibody, or antigen binding fragment
3 thereof;

b} about 0.012 mg/ml of PH20 variant or fragment thereof;

c} about 10 M histidine buffer;

d) optionally, about 10 mM L-methionine, or a pharmaceutically acceptable salt
thereof;
10 e} about 7% wiv sucrose; and
1y about 0.02 % w/v polysorbate 80

In another embodiment, the invention provides a formulation, comprising:

a) about 165 mg/ml of an anti-haman PD-1 antibody, or antigen binding fragment
thereof;
i3 b) about 0.024 mg/ml of PHZ0 varant or fragment thereof]

o) abowt 10 mM histidine buffer;

d) optionally, about 10 mM L-methionine, or a pharmaceutically acceptable salt

thereof;
e} about 7% w/v sucrose; and
20 ) about 0.02 % w/v polysorbaie 80.

In another embodiment, the invention provides a formulation, comprising:
a) about 165 mg/mL of an anti-haman PD-1 antibody, or antigen binding fragment
thereof,

b} about 0.030 mg/m} of PHI0 varant or fragment thereof,

23 ) about 10 mM histidine buffer;
d} optionally, about 10 mM L-methionine, or a pharmaceutically acceptable salt
thereof;
&} about 7% wiv sucrose; and
) about (.02 % w/v polysorbate 80.
36 In any of the specific aspects and embodiments described herein, any anti-PD-1

antibody or antigen binding fragment thereof (i.e. an antibody or antigen hinding fragment that

specifically binds human PD-1, e.g. perbrolizumab or an antigen-binding fragment thereof) can

be used. In particular embodiments, one of the anti-PD-1 antibodies, or antigen binding

fragments thereof, described herein, e.g. described in the section entitled “4nti-PD-1 Antibodies
35 and Antigen-Binding Fragments Thereof” 1s used.

-39 .
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Tn any of the specific aspects and embodiments described herein, any PH20
variant or fragment thereof can be used. In particular embodiments, one of PH20 variant or
fragment thereof, e.¢. described in the section entitled “PH20 vartant or fragment thereof™, i3
used.

in some embodiments of the invention, any of the formudations described herein
is in aqueous soluiion. In alternative embodiment, the invention provides lvophilized
forruulations made by lyophilizing an aqueous formulation to provide a reconstituied formulation

of the invention, as discussed more fully, infra.

Lyvophilized Pharmaceutical Compositions

Lyophilized forroulations of therapeutic proteins provide several advantages.
Lvophilized formulations in general offer better chemical stability than solution formulations,
and thus mcreased shelflife. A lyophilized formulation may also be reconstituted at different
concentrations depending on clinical factors, such as route of administration or dosing. For
example, a lvophilized formulation roay be reconstituted at a high concentration (i.e. 1n a small
volume} if necessary for subcuianeous administration, or at a fower concentration if administered
intravenously. High concentrations may also be necessary if high dosing is required fora
particular subject, particedarly if administered subcutaneously where injection volume must be
minimized. One such lyophilized antibody formulation is disclosed at U.S. Pat. No. 6,267,958,
which is hereby incorporated by reference in its entirety. Lvophilized formulations of another
therapeutic protein are disclosed at U.S. Pat. No. 7,247.707, which 1s hereby incorporated by
reference w s entirety.

Typically, the lyophilized formulation is prepared in anticipation of reconstitution
at high concentration of drug product (DP}, fe. 0 anticipation of reconstifulion in a low volume
of water. Subsequent dilution with water or isotonic buffer can then readily be used 1o dilute the
DP to a lower concentration. Typically, exciptents are included in a lvophilized formulation of
the invention at fevels that will result in a roughly isoionic formulation when reconstituted at
high DP concentration, e.g. for subcutaneous administration. Reconstitution tn a larger vohume
of water 1o give a lower DP concentration will necessarily reduce the tonicity of the reconstituted
solution, but such reduction may be of hitle significance i non~subcutaneous, e.g. intravenous,
administration. i 1sotonicity is desired at lower DP concentration, the lyophilized powder may
be reconstituted in the standard low volume of water and then further difuied with isotonic
diluent, such as 0.9% sodium chioride.

in an erobodiment of the invention, a formulation comprising the humanized anti-
PD-1 antibody (or antigen binding fragment thereof) and PH20 vanant or fragment thersof is

- 40 -
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formulated as a lyophilized powder for reconstituling and ufihizing for subcutaneous
admunistration. fn cerfain embodimerts, the lyophilized formulation is reconstituted with stenle
water for mjection prior to use. [If desired, the reconstituted solution may be aseptically diluted
with 0.9% sodium chioride Injection USP in a sterile 1V container. In some embodiments, the
target pH of the reconstituied formulation is S.3+0.5. In various embodiments, the lvophilized
formulation of the invention enables reconstitution of the anti-PD-1 antibody to high
concentrations, such as about 20, 23, 30, 40, 50, 60, 75, 100, 125, 130, 150, 165, 175, 185 or 200
mg/mL.

Lyophilized formulations are by definition essentially dryv, and thus the concept of
concentration is not useful in describing them. Describing a lvophilized formulation in the terms
of the weight of the compouents in a unit dose vial 15 more useful, but is problematic because i
varies for different doses or vial sizes. In describing the Ivophilized formulations of the
nvention, it 1¢ useful to express the amount of a component as the ratio of the weight of the
component compared 1o the weight of the drog substance (DS) in the same sample {e.g. a vial}.
This ratio roay be expressed as a percentage. Such ratios reflect an intninsic property of the
tvophilized formulations of the invention, independent of vial size, dosing, and reconstitution
protocol.

in other embodiments, the lvophilized formulation of anti-human PD-1 antibody,
or anfigen binding fragment and PH20 variant or fragment thereof, 1s defined in terms of the pre-
ivophilization solution used to make the lyophilized formulation, such as the pre-lvophilization
solution. In one embodiment the pre-fvophilization solution comprises antibody, or antigen-
binding fragment thereof, at a concentration of about 25-200 mg/mL and ©.0009-0.050 mg/mi of
PH?20 variant or fragment thereof. Such pre-lyophilization solutions may beatpH 44 - 6.0, e
preferably about pH 5.0-6.0, or about pH 5.5

In vet other embodiments, the lyophilized formulation of anti-human PD-1
antibody, or antigen binding fragment and PH20 variant or fragment thereof, is defined in terros
of the reconstituted solution generated from the lvophilized formulation. The invention provides
a liquid formudation that is reconstituted from a lvophilized formulation. Reconstituted solutions
may comprise antibody, or antigen-binding fragment thereof, at concentrations of about 25, 30,
40,30, 60, 75, 80, 90, 100, 120, 130, 150, 165, 167, 185 or 200 mg/mL, and 0.0009-0.050 mg/ml
{150, 300, 600, 900, 1000, 1500, 2000, 3000, 4000 or 5000 U/ml) of PH2¢ vanant or fragment
thereof. Such reconstituted solutions may be at aboul pH 5.5, or range from about pH 5.0 1o
about 6.0,

The lyophilized formudations of the invention are formed by lvophilization
{freeze-drving} of a pre-tyophilization solution. Freeze-drying is accomplished by freezing the
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formulation and subsequently subliming water at a temperature suntable for primary drying.
Under this condition, the product temperature is below the eutectic point or the coliapse
temperature of the formulation. Typically, the shelf temperature for the primary diving will
range from about -30 to 25°C (provided the product remains frozen during primary drving) at a
suitable pressure, ranging tvpically from aboul 530 10 250 mTorr. The formulation, size and type
of the container holding the sample {e.g., glass vial) and the volume of liquid will dictate the
fime required for drving, which can range from a few howrs 1o several days {e.g. 40-60 hrs). A
secondarv drying stage may be carried out at about 0-40°C, depending primarily on the type and
size of container and the type of protem eroploved. The secondary drying time 15 dictated by the
desired residual moisture level i the product and typically takes at least about 5 hours.
Typically, the moisture content of g lvophlized formulation is less than about 5%, and
preferably less than about 3%. The pressure mayv be the same as that emploved during the
primary drving step. Freeze-drying conditions can be varied depending on the formulation and
vial size.

in some nstances, 1t may be desivable to lvophilize the protein formutation in the
coniainer in which reconstitution of the protein is {o be carried out in order to avoid a transfer
step. The container in this instance may, for example, be a 3, 5, 10, 20, 50 or 100 ¢e vial.

Reconstitution generally takes place at a temperature of abouot 25°C to ensure
complete hydration, although other temperatures may be emploved as desired. The time required
for reconstitution will depend, e g, on the type of diluent, arount of excipieni(s) and protein.
Exemplary diluents include sterile water, bacteriostatic water for injection (BWFI), apH
buffered solution {e.g. phosphate-buftered saline), sterile salime solution, Ringer's solution or

dextrose solution.

Liguid Pharmaceutical Compositions

A liguid antibody formulation can be made by taking the drug sobstance {e.g.,
anti-human PD-1 antibody, and/or PH20 vartant or fragment thereof) which s in Hauid form
{e.g., pewbrolizumab or PH20 variant fragment 1 or 2 in an aqueous pharmaceutical
fornmulation) and bufter exchanging 1t into the desired buffer. There is no lyophilization step in
this erabodiment. The drug substance in the final buffer is concentrated to a desired
concentration. Excipients such as sucrose, methionine and polysorbate 80 are added to the drug
substance and it 1 diluted using the appropriate buffer to final protein concentration. The final
formulated drug substance is filtered, e.g. using 0. 22um filiers, and filled into a final container

{e.g. glass vials or syringes). Such a hiquid fornmudation is exemplified by a final Liquid
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formulation comprising 10 M histidine pH 5.5, 7% sacrose, 0.02% polysorbaie 80, 25-200

mg/ml pembrolizumab, and 0.0009-0.050 mg/mi of PHZ0 vanant fragment 1 o1 2.

Methods of Use

The invention also relates to a method of treating cancer in 8 subject, the method
comprising adnunistering an effective amount of any of the formulations of the invention; ie,,
any formulation described hevein {including Specific Aspects and Embodimenis of the Invention
section herein), to the subject. In some embodiments of this method, the formudation is
adroinistered to the subject by subcutaneous adrotnistration.

in any of the methods of the mvention, the cancer can be selected from the group
consisting of: melanoma, lung cancer, head and neck cancer, bladder cancer, breast cancer,
pastrointestinal cancer, multiple myeloma, hepatocellular cancer, merkel cell carcinoma,
cianeous squamous cell carcinoma, lymphoma, renal cancer, mesothelioma, ovanan cancer,
esophageal cancer, anal cancer, biliary tract cancer, colorectal cancer, endometrial cancer,
ervical cancer, thvroid cancer, salivary cancer, prostate cancer (e.g. hormone refractory prostate
adenocarcinoma), pancreatic cancer, colon cancer, liver cancer, thyroid cancer, glioblastoma,
glioma, and other neoplastic malignancies.

in some embodiments the lung cancer in non-small cell hang cancer,

in alternate embodiments, the lung cancer is small~-cell lung cancer.

In some embodiments, the lymphoma iz Hodghin lymphoma,

In other embodiments, the lymphoma is non-Hodgkin lymphoma. In particular
embodiments, the tvimphoma is mediastinal large B-cell hrmphoma. T some embodiments, the
fymphoma is diffuse large B-cell lymphoma (DLBCLY.

In somwse embodiments, the breast cancer is {riple negative breast cancer,

In further embodiments . the breast cancer is ER+/HERZ- breast cancer.

in soms embodiments, the bladder cancer is urothelial cancer,

in some embodiments, the head and neck cancer is nasopharyngeal cancer. In
some embodiments, the cancer is thvroid cancer. In other embodiments, the cancer is salivary
cancer. In other embodiments, the cancer is sqguamous cell carcinoma of the head and neck.

in some embodiments, the cancer is metastatic colorectal cancer with high levels
of microsatellite mstability (MSI-H}.

In sowe embodiments, the cancer 18 a solid tumor with a high level of
microsatellite mstahility (MSI-H}.

in some embodiments, the cancer is a solid turnor with a high mutational burden,
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In some embodiments, the cancer is selected from the group counsisting oft
melanoma, non-small cell lung cancer, relapsed or refractory classical Hodgkin lymphoma, head
and neck squamous cell carcinoma, wothelial cancer, esophageal cancer, gastric cancer, BLBCL
and hepatocellular cancer.

in other embodiments of the above treatment methods, the cancer is a Heme
malignancy. In certain embodiments, the Heme malignancy is acute lymphoblastic leukemia
{ALL), acute myeloid leukenia (AML), chronic lymphoeyiic leukemia (CLL), chronic myeloid
leukemia (CML), DLBCL, EBV-positive DLBCL, primary mediastinal large B-cell lvmphoma,
T-cell/lustiocyte-rich large B-cell lymophoma, folheular lyrophoma, Hodghin's tymphoma (HL),
marnttte cell lyraphoma (MCL), multiple myeloma (MM}, myeloid cell leukemia-1 protein (Mcl-
1}, rovelodysplastic svodrome (MDS), nop-Hodgkin lyrophoma (NHL), or small lyrophocytic
lymphoma (SLL}.

Malignancies that demonstrate iraproved disease-free and overall survival in
relation to the presence of tumor-infiltrating lymphoceyies in biopsy or surgical material, e g
nmelanoma, colorectal, Hiver, Kidney, sioroach/esophageal, breast, pancreas, and ovarian cancer
are encompassed in the methods and treatments described herain.  Such cancer subtypes are
known to be susceptible to imnune control by T lymphocvies, Additionally, included are
refractory or recurrent malignancies whose growth may be inhibited using the antibodies
described herein.

in sowe embodiments, the formulations of the invention are administered (o a
subject having a cancer characterized by elevated expression of PD-L1 and/or PD-1L2 in tested
tissue samples, including: ovarian, renal, colorectal, pancreatic, breast, liver, gasiric, esophageal
cancers and melanoma.  Additional cancers that can benetit from treatment with anti-PD-1
antibodies such as humanized anti-PD-1 antibody pembrolizumnab mclude those associated with
persistent infection with viruses such as human immunodeficiency viruses, hepatitis viruses
class A, B and C, Epstein Barr virus, human papifloma vireses that are known to be causally
related to for instance Kaposi’'s sarcoma, liver cancer, nasopharyngeal cancer, lymphoma,
cervical, vulval, anal, penile and oral cancers,

in one embodiment, the invention comprises a method of treating cancer i a
human patient comprising adwinistering any formulation of the invention to the patient.

in one embodiment, the invention comprises a method of {reating unresectable or
metastatic melanoma in a human patient comprising administering any formulation of the
nvention to the patient.

in one embodiment, the inveniion comprises a method of trealing wetasialic non-
small cell fung cancer (NSCLC) in 2 lnaman patient comprising administering a formulation of
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the mvention to the patient. In specific embodiments, the patient has a tumor with high PD-L1
expression {(Tumor Proporiion Score (TPS) >50%)] and was not previcusly treated with
platinum-containing chemotherapy. In other embodiments, the patient has a humor with PI-LT
expression {TPS >1%) and was previously ireated with platinum-containing chemotherapy. In
stiff other embodiments, the patient has a tumor with PD-L1 expression (TPS >19%) and was not
previously treated with platinum-containing chemotherapy. In specific embodiments, the patient
had disease progression on or afler receiving platinum-containing chemotherapy.

In certain embodiments, the PD-L1 TPS is determined by an FDA-approved test.

fo certain embodunents, the patient’s turnor has no EGFR or ALK genonuc
aberrations.

In certain embodiments, the patieot’s tumor has an EGFR or ALK genomic
aberration and had disease progression on or after receiving treatment for the EGFR or ALK
aherration(s) prior to receiving the anti-PD-1 antibedy, or antigen binding fragment thereof.

in one embodiment, the invention comprises a method of treating metasiatic non-
small cell hung cancer (NSCLC) in g human patient compristag: (1) administering a formulation
of the invention to the patient, and {2} administering pemetrexed and carboplatin o the patient.
In specific embodiments, the patient was not previously treated with an anti-cancer therapeutic
prior {o starting the combination treatment regimen with the formulation of the invention,
pemetrexed and carboplatin.

In a certain embodiments, the patient has nonsquamouns non-small cell lung
cancer.

{n certain embodiments, pemetrexed is administered 1o the patient m an amount of
500 me/m’. In sub-embodiments, pemetrexed is administered to the patient via intravenous
infuston every 21 days. In specific embodiments, the infusion time 1S about 10 minutes.

iIn embodiments of the invention where the patient is treated with a formulation of
the invention n combination with peruetrexed, the invention further comprises adminisiering
about 400 pg to about 1000 pg of folic acid to the patient once per day, beginning about 7 days
prior to administering pemetrexed o the patient and continuing until about 21 days after the
patient is administered the last dose of pemetrexed. In certain embodiments the folic acid is
administered orally. In some embodiments, the invention further comprises administering about
1 mg of vitamin By to the patient about 1 week prior to the first administration of pemetrexad
and about every three cveles of pemetrexed administration (e, approximately every 9 weeks).
In certain embodiments the vitamin Bz 1s administered intramuscularly. In certain

embodiments, the invention {urther comprises administering about 4 mg of dexamethasone to the
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patient twice a day on the day before, the day of, and the day after pemetrexed administration.
in certain embodiments the dexamethasone is adnunistered orally.

In one embodiment, the invention comprises a method of treating recurrent or
metastatic head and neck squamous cell cancer (HNSCC) in a human patient comprising
administering any formudation of the inveniion to the patient, In certain emnbodiments, the
patient was previously treated with platinum-containing chemotherapy. In certain embodiments,
the patient had disease progression on or after platinum-containing chemotherapy. In specific
embodiments, the patient’s tumor expresses PD-L1 [Combined Positive Score (CP8) =1}

In one embodiment, the invention comprises a method of treating refractory
classical Hodgkin lymphoma {(cHL) in a human patient comprising administering a formulation
of the invention to the patient.  In certain embodiments, the patient has relapsed after 3 or more
lines of therapy for cHL. In specific embodiments, the patient is an adult patient. In alternative
erbodiments, the patient is a pediatne patient,

I one embodiment, the invention comprises a method of treating locally advanced
or metastatic urothelial carcinoma in a human patient comprising administering a forroulation of
the invention to the patient. In certain embodiments, the patient is not eligible for eisplatin-
comtaining chemotherapy. In certain embodiments, the patient has disease progression during or
following platinume-containing chernotherapy or within 12 months of neoadiuvant or adjuvant
treatment with platinurn-containing chemotherapy. In specific embodiments, the patient’s tumor
expresses PD-L 1 [Combined Positive Score (CPS) =1

In one embodiment, the invention comprises a method of treating unresectable or
metastatic, microsatellite instability-high (MSE-H) or misroateh repair deficient solid tumors in a
human patient comprising administering a formulation of the invention to the patient. In specific
embodiments, the patient had disease progression following prior anti-cancer freatroent.

iIn one embodiment, the invention comprises a method of {reating unresectable or
metastatic, microsatellite instability-high (MSE-H) or mismoateh repair deficient colorectal cancer
in a human patient comprising administering a formulation of the invention. In specific
embodiments, the patient had disease progression following prior treatment with a
fluoropyrinudine, oxaliplatin, and rinctecan.

In one embodiment, the invention comprises a method of treating recarrent
locally advanced or metastatic gastric cancer in a human patient comprising administering a
formulation of the mvention 1o the patient.

In one embodiment, the invention comprises a method of treating recurrent
locally advanced or wetastatic gastroesophageal junction adenocarcinoma in a lman patient
comprising administering a fornuilation of the inveniion o the patient. In specific embodiments,
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the patient’s tumor expresses PD-L1 [Combined Positive Score (CPS) 21 Inspeafic
embodiments, the patient has disease progression on or after two or more prior lines of therapy
mchuding Huoropyrimidine- and platinum-containing chemotherapy. Tn specific embodiments,
the patient has disease progression on or after two or more prior lines of therapy including
HER2/meu-targeted therapy.

in one embodiment, the invention comprises a method of {reating recurrent
locally advanced or metastatic cervical cancer in a human patient comprising administering a
formulation of the invention to the patient. In specific embodiments, the patient’s tumor
expresses PD-L1 [Combined Positive Score (CPS) 1]

in one embodiment, the invention comprises a method of treating hepatocellular
carcinoma i a huroan patiest comprising admunisiering a formulation of the mvestion to the
patient. In one embodiment, the invention comprises a method of treating recurrent locally
advanced or metastatic merkel cell carcinoma in a human patient corprising admiristering a
formulation of the invention fo the patient. In one embodiment, the invention comprises a
nmethod of {reating recurrent of roefasiatic cutaneous squamous cell carcinoma in a human patient
comprising administering a formulation of the invention o the patient.

In one embodiment, the invention comprises a method of treating advanced renal
cell carcinoma in 3 human patient comprising admimstering a formulation of the fnvention to the
patient and axitinib. In one embodiment, the mvention comprises a method of treating advanced
endometrial carcinoma n a human patient comprising administering a formudation of the
invention to the patient and lenvatinib. In one embodiment, the endometrial carcinoma is not
MSE-H or dAMMR.

in one embodiment, the invention comprises a method of treating cancer in
hursan patient comprising adminisiering a formulation of the invention to the patient, wherein
the patient has a cancer selected from the group consisting of. melanoma, lung cancer, head and
neck cancer, bladder cancer, breast cancer, gastrointestinal cancer, multiple myeloma,
hepatocellular cancer, lymphoma, renal cancer, mesothelioma, ovarian cancer, esophageal
cancer, anal cancer, biliary tract cancer, colorectal cancer, cervical cancer, thyroid cancer, and
salivary cancer.

in one embodiment, the invention comprises a method of treating small cell hung
cancer in a human patient comprising administering a formulation of the invention to the patient.

In one embodiment, the invention comprises a method of treating non-Hodgkin
lymphoma in a human patient comprising adnunistering a fornnation of the mvention to the

patient, In specific embodiments, the non-Hodgkin lymphoma is mediastinal large B-cell
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lymphoma. In specific embodiments, the non-Hodgkin lymphoma is diffuse large B-cell
lymphoma.

In one embodiment, the invention comprises a method of treating breast cancer in
2 human patient comprising administering a formulation of the invention to the patient. In
certarn embodiments, the breast cancer is triple negative breast cancer. In certain embodiments,
the breast cancer is ER+/HER2- breast cancer.

In one embodiment, the invention comprises a method of treating nasopharyngeal
cancer in a human patient comprising administering a formulation of the invention to the patient.

in one embodiment, the tnvention comprises a method of treating thyroid cancer
in a human patient comprising adnunistering a formulation of the invention fo the patient.

in one embodiment, the invention comprises a method of freating salivary cancer
in a human patient comprising administering a formulation of the invention to the patient.

Antagorast anti-PD-1 antibodies or antibody fragments cao also beused to
prevent or treat infections and infectious disgase. Thus, the invention provides a method for
freating chronic infection i a mammalian subject comprising administering an effective amount
of a formulation of the invention to the subject. In some specific embodiments of this method,
the formulation is administered to the subject by subcutanecus administration.

These agents can be used alone, or in combination with vaccines, (o stinndate the
imnwne response to pathogens, toxins, and self-antigens. The antibodies or antigen-binding
fragment thereof can be used to stimulate mrmune response to viruses infectious to hamans,
ncluding but not hmited to: human immunodeficiency viruses, hepatitis viruses class A, B and
¢, Epstein Barr virus, human cytomegalovirus, human papilloma viruses, and herpes vinuses.
Antagonist anti-PD-1 antibodies or anitbody fragments can be used to stimulate immune
response 1o infection with baclenial or fungal parasites, and other pathogens. Viral infections
with hepatitis B and € and HIV are among those considered to be chronic viral infeciions.

The formulations of the invention may be administered to a patient in
combination with one or more “additional therapeutic agents”. The additional therapeutic agent
may be a biotherapeutic agent (ncluding but not Hmited to antibodies 1o VEGF, EGFR,
Her2/neu, VEGF receptors, other growth factor receptors, CB20, CD40, CD-40L, 0X-40, 4~
IBB, and ICOS), a growth inhibulory agent, an imnunogenie agent (for example, altenuated
cancerous cells, tunmor antigens, antigen presenting cells such as dendritic cells pulsed with
fumeor derived antigen or mucleic acids, immune stimudating eytokines (for example, HL-2,
IFNa2, GM-CSF), and cells fransfected with genes encoding imimune stimulating cytokines such

a8 but not limited to GM-CSF).
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As noted above, in some embodiments of the methods of the invention, the
method further comprises admunistering an additional therapeutic agent. In particular
embodiments, the additional therapeutic agent is an anti-LAG3 antibody or antigen binding
fragment thereof, an anti-GITR antibody, or antigen binding fragment thereof, an anti-TIGIT
antibody, or antigen binding fragment thereof, an anti-CD27 antibody or antigen binding
fragment thereof. In one embodiment, the additional therapeutic agent is a Newcastle disease
viral vector expressing 1L-12. In a further embodiment, the additional therapeutic agent is
dinaciclib. In still further embodiments, the additional therapentic agent is a STING agoenist. In
one ermbodiment, the additional therapeutic agent 1s Coxsakievirus CVAZL

Suitable routes of admiristration for the additional therapeutic agents may, for
example, include parenteral dehivery, including mtramuscular, subcutaneous, as well as
intrathecal, direct intraventricidar, infravenocus, intraperitoneal. Dirugs can be administered in a
variety of conventional ways, such as intraperitoneal, parenteral, intraarterial or intravenous
injection.

Selecting a dosage of the additional therapeutic agent depends on several faciors,
inchuding the serum or tissue turnover rate of the entity, the level of symptoms, the
immunogenicity of the entity, and the accessibility of the target cells, tissue or organ in the
individual being treated. The dosage of the additional therapewtic agent should be an arnount that
provides an acceptable level of side effects. Accordingly, the dose amount and dosing frequency
of each additional therapeutic agent {e.g. biotherapeutic or chemotherapeuiic agent) will depend
in part on the particular therapeutic agent, the sevenity of the cancer being treated, and patient
characteristics. Guidance in selecting appropriate doses of antibodies, cytokines, and small
molecules are available. See, e.g, Wawrzynczak (1996} Antibody Therapy, Bios Scientific Pub.
Lid, Oxfordshive, UK, Kresina (ed.) (1991} Monoclonal Antibodies, Cvivkines and Arihrilis,
Marcel Dekker, New York, NY,; Bach {ed.} (1993} Moncclonal Antibodies and Peptide Therapy
in Autoimmune Diseases, Marcel Deliker, New York, NY, Baert ef ol (2003} New Engl J. Med
34%:601-608; Milgrom er af. (1999} New Engl J Med 341:1966-1973; Slamon er af. (2001)
New Engl. J. Med. 344.783-792; Beniaminowitz of al. {2000} New Engl J. Med 342:613-619;
Ghosh er af. (2003) New Engl J Med 348:24-32; Lipsky ef af. (2000} New Engl. J. Med
343:1594-1602; Phyaicians' Desk Reference 2003 {Physicians’ Desk Reference, 57th Ed);
Medical Economics Company; ISBN: 1563634457, 57th edition {November 2002).
Determination of the appropriate dosage regimen may be made by the chinician, e.g., using
parameters or factors known or suspected in the art to affect treatment or predicted to affect

treaiment, and will depend, for example, the patient's clinical history {e.g., previous therapy), the
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type and stage of the cancer 1o be treated and biomarkers of response to one or more of the
therapeutic agents in the combination therapy.

Various hiterature references are available to facilitate selection of
pharmaceutically acceptable carriers or excipienis for the additional therapeutic agent. See e.g.,
Remingion's Pharmacestical Scierices and ULS. Pharmacopeia. National Forpndary, Mack
Publishing Company, Easton, PA (1984); Hardman ef o/, (2001} Goodman and Gilman's The
Pharmacological Basis of Therapeutics, MeGraw-Hill, New York, NY; Gennaro (2000}
Remingron: The Science and Practice of Pharmacy, Lippincott, Williams, and Wilkins, New
York, NY; Avis ef af. {eds.) (1993) Pharmaceutical Dosage Forms: Parenteral Medications,
Marcel Dekker, NY; Lieberman, ef ¢f. {eds.y (1990) Pharmaceutical Dosage Forms: Tablets,
Marcel Dekker, NY, Licberman ef o/ {eds.) (1990} Pharmaceutical Dosage Forms. Disperse
Systems, Marcel Deliker, NY; Weiner and Kotkoskie (2000) Excipient Toxicity and Safety,
Marcel Dekker, Inc., New York, NY.

A pharmiaceutical antibody formulation can be administered by continuous
wfusion, or by doses at intervals of, e.g., one day, 1-7 times per week, one week, two weeks,
three weeks, monthly, bimonthly, etc. A preferred dose protocol is one involving the maximal
dose or dose frequency that avoids significant undesirable side effects. A total weekly doseis
generally at least 0.05 ugrkg, 0.2 pgke, 0.5 perke, 1 pedke, 10 podke, 100 pg/ke, 0.2 mg/ke, 1.0
mg/ke, 2.0 mg/ke, 10 morkg, 25 me/kg, 50 mg/ky body weight or more. See, e.g, Yang er &l
(2003} New fingl. J. Med. 349:427-434; Herold er of. {2002 New Engl. J Med. 346:1692-1698,
Liwetal (1999)J Newrol Newrosurg. Psych 67.451-456; Portielji ef al. (20003) Cancer
Immuncl. Immunother. S2:133-144. The desired dose of a small molecule therapeutic, e.g., a
peptide mimetic, namral product, or organic chemical, is about the same as for an antibody or
polypepiide, on a moles/kg basts.

in certain embodiments, dosing will comprise adnunistering o a subject
escalating doses of 1.0, 3.0, and 10 mg/ke of the phamnaceutical formulation, 1e, a formulation
comprising pembrolizumab, over the course of reatment. The formulation comprising
pembrolizumab can be a reconstituted Haguid formulation, or it can be a Hauid formufation not
previcusly lyophilized. Time courses can vary, and can continue as long as desired effects are
obtained. In certain embodiments, dose escalation will continue up o a dose of about 10mg/ke.
In certain embodiments, the subject will have a histological or cytological diagnosis of
melanoma, or other form of solid tumor, and in certamn instances, a subject may have non-
measurable disease. In certain embodiments, the subject will have been treated with other

chemotherapeutics, while in other embodiments, the subject will be treatrent naive.
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In vet additional embodiments, the dosing regimen will comprise administering a
dose of 1, 3, or 10 mg/kg of any of the pharmaceutical formulations described herein (i.e, a
formudation comprising pembrolizormab), throughout the course of treatment. For such a dosing
regimen, the interval between doses will be about 14 days {+ 2 days). In certain embodiments,
the interval between doses will be about 21 days (& 2 days).

In certain embodiments, the dosing regimen will conprise administering a dose of
from about 0.005mg/kg to abowt [0mg/kg, with intra-patient dose escalation. In certain
embodiments, a dose of 5 mg/kg or 10 mg/kg will be administered at intervals of every 3 weeks,
or everv 2 weeks. In vet addifional embodimenis, a dose of 3mg/'ke will be administered at three
week intervals for melanoma patients or patients with other solid tumors. In these embodiments,
patients should have non-resectable disease; however, patients may have had previous surgery.

In certain embodiments, a subject will be admunistered a 30 mimite 1V infusion of
any of the pharmaceutical formulations described herein. In certamn embodiments for the
escalating dose, the dosing interval will be about 28 days (= 1 day) betwean the first and second
dose, fo cerfain embodiments, the interval between the second and third doses will be about 14
days (= 2 davs}. In cerlain embodiments, the dosing interval will be about 14 days (= 2 days),
for doses subsequent to the second dose. In certain embodiments, the dosing interval will be
about 3 weeks, for doses sabsequent o the second dose. In certain embodiments, the dosing
interval will be about 6 weeks, for doses subsequent 1o the second dose.

in certain embodiments, the use of cell surface markers and/or cytokine markess,
as described in WO2012/018538 or WO2008/156712 will be used 1n bicassays for moniforing,
diagnostic, patient selection, and/or freatment regimens involving blockade of the PD-1 pathway.
Subcutaneous administration may performed by injected using a syringe, or using other injection
devices {e.g. the Injeci-ease”™ device): mjector pens; or needleless devices (e.g. MediJecior and
BioJector®).

Embodimenis of the invention alse include one or more of the biological
formulations described herein (i) for use in, (ii) for use as a medicament or composition for, or
(i1} for uge 1 the preparation of a medicament for: {a) therapy {e.g., of the human bodv}, (b)
medicine; (¢} induction of or increasing of an antitumor immune response {d) decreasing the
number of one or more fumor markers in a patient; {e} halting or delaying the growth of a humor
or a blood cancer; {f) halting or delaying the progression of PD-1-related disease; (g} halting or
delaving the progression of cancer; (h) stabilization of PD-1-related disease; (1) inhibiting the
growth or survival of tumor cells; () eliminating or reducing the size of one o1 more cancerous
lesions or tumors; (k) reduction of the progression, onset or severtty of PD-1-related disease: ()
reducing the severity or duration of the clinical symptoms of PD-1-related disease such as cancer
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{m} prolonging the survival of a patient relative to the expected survival in a similar untreated
patient n} inducing complete or partial remission of a cancerous condition or other PD-1 related

disease, or o) treatruent of canger.

GENERAL METHODS

Standard methods in molecular biology are descnbed Sambrook, Fritsch and
Maniatis (1982 & 1989 2% Edition, 2001 3™ Edition) Molecular Cloning, 4 Laboratory Manual,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY; Sambrook and Russell (2001}
Molecular Cloning, 37 ed . Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY: Wu
{1993} Recombinant DNA, Vol 217, Academic Press, San Diego, CA). Standard methods also
appear in Ausbel, ef af. (2001) Current Protocols in Molecular Biology, Vols. 1-4, John Wiley
and Sons, Inc. New York, NY, which descnibes cloning in bacterial cells and DNA mulagenesis
(Vol. 1}, cloning in manumalian cells and yeast (Vol. 2), glvcoconjugates and protein expression
{Vol 3}, and broinformatics (Vol. 4},

Methods for protein purification including tmnumoprecipttation, chromatography,
electrophoresis, centrifugation, and crvstallization are described (Coligan, et of. (2000) Current
Protacols in Protein Science, Vol 1, John Wiley and Sons, Inc., New York). Chemical analysis,
chemical modification, post-translational modification, production of fusion protens,
glycosyiation of proteins are described (see, e.g . Coligan, ef all (2000) Current Protocols in
Protein Science, Vol 2, John Wiley and Sons, Inc., New York; Ausubel, ef af. (2001 Current
Protocols in Molecular Riology, Vol 3, John Wiley and Sons, Inc., NY, NY, pp. 16.0.5-
16,2217, Sigma-Aldrich, Co. (2001) Products for Life Science Research, $t. Lows, MO; pp. 45-
89, Amersham Pharmacia Biotech (2001) BioDirectory, Piscataway, N.J, pp. 384391}
Production, purification, and fragmentation of polyclonal and monoclonal antibodies are
described (Coligan, et al. (2001 Current Protocoels in Immunology, Vol 1, Jobn Wiley and Sons,
Inc.. New York; Harlow and Lane (1999} Using Antibodies, Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, NY,; Harlow and Lane, supra}. Standard techniques for
characterizing ligand/receptor inferactions are available (see, e.g., Coligan, et @, (2001} Current
Protocols in Immunology, Vol 4, John Wiley, Inc., New York).

Monoclonal, polyclonal, and humanized antibodies can be prepared (see. e.g.,
Sheperd and Dean (eds.) (2000} Monoclonal Antibodies, Oxford Univ. Press, New York, NY;
Kontermann and Dubel {eds.} (2001) Ansibody Engineering, Springer-Verlag, New York;
Harlow and Lane (1988} Awniibodies A Laboratory Monual, Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, NY, pp. 139-243; Carpenter, ef ¢l (2000} J. fmmunol. 165:6205; He,
el al. (1998).J Tmmunol. 166:1029; Tang ef al {19993 1. Biol. Chem. 274:27371-27378; Baca ef

“A2 .
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al. {1997y J. Biel. Chem. 272:10678-10684; Chothia ef af. {19893 Nature 342:877-883; Foole
and Winter (1992} J Mol Riol 224:487-499; 1 S Pat. No. 6,329,511

An alfernative to homanization 1S to use human antibody tibraries displayved on
phage or human antibody libraries in transgenic mice {Vaughan ef af. {1996} Nature Biotechnol.
14:309-314; Barbas (19935) Nature Medicine 1.837-839, Mendez ef al. (1997) Nature Genetics
15:146-156; Hoogenboom and Chames (2000} Immnol. Today 21:371-377; Barbas er of. (2001)
Phage Display: A Laboratory Marnual, Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, New York; Kay ef al (1996) Phage Displav of Peptides and Proteins: A Laboratory
Marnwd, Academic Press, San Diego, CA; de Bruin er of. (1999) Nature Riotechnol 17:397-
399).

Purtfication of antigen 1s not necessary for the generation of antibodies. Antroals
can be immunized with cells bearing the antigen of interest. Splenocytes can then be isolated
from the imnuamzed animals, and the splenocytes can fused with g myelora cell line to produce
a hybridoma (see, e.g., Meyaard er @/, (3997) immunity 7.283-290; Wright ef af. {2000}
Immunity 13:233-242, Preston ef al., supra, Katthamana ef al. (1990 J. Immunol, 163:5157-
5164,

Antibodies can be comjugated, e.g., 1o small drug molecules, enzymes, Hiposomes,
polyethylene glveol (PEG). Antibodies are usefud for therapeutic, diagnostic, kit or other
purposes, and include antibodies coupled, e.g | to dyes, radioisotopes, enzymes, or metals, e g.,
collordal gold (see, e.g., Le Doussal ef of. (1991)J. Immunol 146:169-175; Gibelling ef al.
{1998y J. Immunol. 160:3891-3898; Hsing and Bishop (1999} J. Immunol. 162:2804-2811;
Everts ef af {20023 J. fmnumol. 168:883-889).

Methods for flow cvtometry, including fluorescence activated cell sorting
{FACS), are available (see, e.g., Owens, ef &f. (1994) Flow Cytometry Principles for Clinical
Laboratory Practice, John Wiley and Sons, Hoboken, NJ; Givan (2001) £low Cyviomerry, 2 ed.;
Wiley-Liss, Hoboken, NI, Shapiro (2003) Praciical Flow Cyfometry, John Wiley and Sons,
Hoboken, NI, Fluorescent reagents suitable for modifving nucleic acids, including nucleic acid
primers and probes, polvpeptides, and antibodies, for use, e.g., as diagnostic reagents, are
available (Molecular Probesy (2003) Catalogue, Molecular Probes, Inc., Eugene, OR; Sigma-
Aldsich (2003} Catalogue, St Lows, MO).

Standard methods of histology of the immumne system are described (see, e g,
Muller-Harmelink (ed.) (1986} Human Thymus: Histopathology and Pathology, Springer Verlag,
New York, NY; Hiatt, ef af. {2000} Color Ailas of Histology, Lippincott, Williams, and Wilkins,
Phila, PA; Lowis, ef al. (2002) Basic Histology: Text and Atlas, McGraw-Hill, New York, NY).
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Software packages and databases for determining, €. g, antigenic fragments, leader sequences,
protein folding, functional domains, glycosylation sites, and sequence alignments, are available
{see, e.g., GenBank, Vector NTI® Suite {Informax, Inc, Bethesda, MDY, GCG Wisconsin
Package (Accelrys, Inc., San Diego, CA), DeCypher® {TimeLogic Corp., Crystal Bay. Nevada),
Menne, ef ol (2000} Rivinformatics 16: 741-742; Menne, ef ol (2000} Bicinformatics
Applications Note 16:741-742;, Wren, ef al. (2002) Comput. Methods Programs Biomed. 68:177-
181, von Heijne (1983} Fur. J Biochem. 133:17-21; von Heljne (1986} Nucleic 4cids Res.
14:4643-4690).

Analvtical Methods

Analytical methods suitable for evaluating the product stability include size
exclusion chromatography (SEC), dynamic light scattering test {DLS), differential scanning
calorimetery (DSC), 150-asp quantification, potency, UV at 340 wn, UV spectroscopy, and FTIR
SEC (J. Pharm. Scien., 83:1645-1650, (1994); Pharm. Res., 11:485 {1994}, }. Pharm. Bio. Anal,
15:1928 (1997); J. Pharm. Bio. Anal,, 14:1133-1140 (1986)) measures percent monoroer in the
product and gives information of the amount of soluble aggregates. BSC {Pharm. Res,, 13:200
(1998); Pharm. Res., 9:109 (1982)) gives information of protein denaturation femperature and
glass transition iemperature, DLS (American Lab., November {19911 measures mean diffusion
coefficient, and gives information of the amount of soluble and insoluble aggregates. UV at 340
nrn measures scatiered light inlensity at 340 nm and gives mformation about the amounts of
soluble and msoluble aggregates. UV spectroscopy measures absorbance at 278 nm and gives
wformation of protein concentration. FTIR {(Bwr. J. Pharm. Biopharm., 45:231 (1998); Pharm.
Res., 12:1250 (1993); J. Pharm. Scien., 85:1290 {1996); 1. Pharm. Scien., 87:1069 (1998))
measures IR spectrum in the amide one region, and gives information of protein secondary
structure.

The iso-asp content in the samples is measured using the Isoquant Iscaspartate
Detection System (Promega). The kit uses the enzvme Protein Isoaspartyl Methyltransferase
{PIMT} to specifically detect the presence of isoaspartic acid residues in a target protein. PIMT
catalyzes the transfer of a methyl group from S-adenosyl-L-methionine to isoaspartic acid at the
.alpha.-carboxyl position, generating S~-adenosyl-L-homocvsteine (SAH) in the process. This is a
relatively small molecule, and can usuallv be isolated and quantitated by reverse phase HPLC
using the SAH HPLC standards provided in the kit

The potency or binidentity of an antibody can be measured by 1ts ability to bind 1o

its antigen. The specific binding of an antibody to 15 anligen can be quantitated by any method
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known to those skilled in the art, for example, an immunoassay, such as ELISA (enzvme-linked
imnumosorbant assay ).

Having descitbed different embodiments of the invention hergin with reference to
the accompanving drawings, it 18 to be understood that the mvention 15 not limited to those
precise embodiments, and that vanous changes and modifications may be effecied therein by one
skitled i the art without departing from the scope or spirit of the invention as defined in the

appended claims,

Example 1: Evaluation of interaction between pembrolizumab and recormbinant human
hyaturonidase

An natial interaction evaluation between pembrolizumab and recombinant huroan
hyaluronidase enzyme, PH20 variant fragment 2 was performed using a Valerian-Plotnikov
differential scanning calorimetry. A co-formulation was prepared by diluting pembrolizomab
drug substance (165 mg/ml) and enzyme drug substance {solution comprised of PH20 variant
fragment 2 (10 mg/mi., ~145k 1U/mg) and sodium chloride (145 mM) in histidine buffer (20
mh] to 1 mg/mL pembrolizumab and 1 mg/mL of recombinant human hvaluronidase enzyme,
PH20 variant fragment 2 as target concertiration in the solution with a process dituent solution
{7% wiv (70 mg/mL} sucrose, 0.02% wiv (0.2 mg/mL) polvsorbate-80 (PSRO), 10 mM (1.49
mg/mLy L~-methionine in 10 mM histidine buffer (pH 5.5)]. The thermal stability profile of
pembrolizumab and enzyinme in the same formulation was compared to single entity in the same
buffer matrix as shown in Figure 10. Melting temperatare of pembrolizumab and PH20 variant
fragment 2 in the co-formulation are identical with single entity in the same buffer matrix, as

shown in Table 4.

Table 4. Melting and Onset temperature of Pembrolizumab and PH20 variant fragment 2.

PembrolizumabiPembrolizomab) ] ) o
) i PH20 variant fragment 2 Melting
Sample 1D Melting Melting
Temperature

Temperature | {Temperature 2
PH20 variant fragment] . )
N N/A IN/A 53
Pembroliaumab  with
PH20 variant fragmentod 75 54
2
Pembrolizumab o4 74 N/A

3

o

o
t
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Example 2: Materials and Analvtical Methods

HP-IEX: High performance ion-exchange chromatography (HP-1EX) was
used to assess the charge profile. An ion exchange HPLC method was performed using a Dionex
ProPac WCX-10 column and a UV detector at 280 nm. Samples were diluted in purified water,
and 80 pg were injected for analysis. The mobile phase used for the IEX analysis was a gradient
of the following mobile phases (mobile phase A: 24 mM MES, pH 6.1, 4% acetonitrile (v/v);
mobile phase B: 20 mM phosphate, 95 mM NaCl, pH &, 4% acetonitrile (v/v). The main peak is
the major componernt of the chromatogram and it serves as a control for the characterization of
acidic and basic vanants. Aadic variants eluie ecarlier than main peak and the main cause of the
formation of acidic variants is due to the deamidation of the Asn in main peak and the presence
of stalic acid compared to main peak. Basic variants elute later than main peak and the main
cause of the formation of basic variants is due to the incomplete removal of C-terminal Lys from
the main peak. Other causes are incomplete cyclization of the N-termanal glutaraine {Glo) to
pyrotlu of the light chain or heavy chain or both and also due to the Isomerization of Asp in the
main peak 1o i50ASp.

UP-5EC: Purity of the sample was assessed by size exclusion
chromatography (SEC) in which the percentage of monomer was determined, as well as the
percentages of high molecular weight species (HMW) and late eluting peaks (LMW species).
The presence of HMW species indicates protein aggregates and the presence of LMW species
mdicate protein fragments. Ultra Performance - Size Exclusion Chromatography {(UP-SEC) was
performed by diluting the samples to 5.0 mg/mb with sample diluent {mobile phase, 30 mM
Phosphate, 450 mM Arginine mono HCEL pH 7 £ 0.2}, The diluted samples were injecied (6 pl)
into a UPLC equipped with & Waters BEH200 SEC coluron and a UV detector. Proteins in the
sample were separated by size and detected by UV absorplion at 280 nm,

A330: UV absorption at 350 nm was measured using 96 well plate
Spectramax reader as an indication of turbidity, The absorption readings were blanked against
empty plate reading and normalized for sample pathiength.

HP-HIC. High performance hydrophobic interaction chromatography (HP-
HICY was used to assess oxadized products from the non-oxidized molecule. The percentage of
pre-peaks, determined to be oxidized species comprising heavy chain Met105 oxidation on one
heavy chain by previous analytical characterization, as well as the percentage of the main and
percentage of the post peaks were defermined. A HP-HIC method was performed by diluting the
sample to 5.0 mg/mb in purified water. The sample was then ijected (10 pl) into an HPLC
equipped with a Tosoh Phenyl-SPW column and a UV detecior at 280 nm. For the HIC analysis
z mobile phase contatning a gradient of the following components {mobile phase A: 5 mM

- 56
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sodium phosphate in 2% acetonitrile, pH 7.0; mobile phase B: 400 mM ammonium sulfate, 5
mM sodium phosphate in 2% acetonitrile, pH 6.9} was used.

Antibody concentration was determined using a gravirsetiie method where the
sample was diluted with water and UV absorption at 280 nm was measured using 96 well plate
Spectramax reader. pH was measured using Rapid pH automated pH meter in a 96 well plate.
pH meter was calibrated using pH 4.0, pH 7.0 and pH 10.0 calibration standards.

Density was measwred using Anton Paar DMA density meter. Viscosity was
measured as per USP <913> technique, using MiniVist viscometer by Grabner Instruments. The

viscosity af 5°C and 20°C was measured using respective densities at 3°C and 20°C.

Example 3: Evaluation of the Stability of Pembrolizumab Formulations with Recombinant
Human Hyaluronidase PH20 variant fragment 2

Animtial formulation study was performed to evaluate the stability of
formulations comprising of pembrolizumab (25 —~ 200 me/mb) and recombinant human
hvaluromdase enzyme, PH20 vanant fragment 2 (about 1235 - 3000 U/mL). Formulations were
prepared by combining Pembrolizumab drug substance (165 mg/mL) and enzyme drug substance
{solution comprised of PH20 variant fragment 2 (10 mg/mL, ~145k [U/mg) and sodium chloride
{143 mM} in hustidine buffer (20 mM)}] with sabsequent dilution where necessary with a process
diluent solution [7% w/v {70 mg/mL) sucrose, 6.02% w/v (0.2 mg/mL} polvsorbate-80 (PS80},
10 mM (1.49 mg/mL) L-methionine in 10 roM histidine butfer (pH 5.5)].

Test formulations (AKO1 - AK15) of pembrolizumab and PH20 variant fragment
2 were prepared in PETG botiles (30 or 125 b} at the volumes outlined in Table S, The
compounding order was PH20 variant fragment 2, pembrolizumab then placebo (where
required). All formulations were filtered using 0.22 pm PES flier (Corning REF 431096), and
filled into 6R vials with a 3 mL fill volume. Samples were staged on stability {protected from
light) ai 2-8 °C {as ugsed herein and throughout the Examples, the term ™5 °C” is used
interchangeably with *2-8 °C”, which indicates 5 °C = 3 °C (standard deviation)}], 25 and 40 °C
for up to 6 months to assess the fornudation’s thermal stability. Fornulations were evaluated for
turbidity {A350), pH, protein concentration {AZ80), soluble aggregates (UP-SEC), charge
variants (HP-IEX), Methionine] 105} oxidation (HP-HIC) and enzyme activity (trbidimetric
8388V ).

Each of the test formulations in Table 5 were visually inspected for changes in
coloration or precipitate formation {data not shown}. Formulations AKO4 — AKO6 are enzyme
only formulations and were not staged on stability, These formulations were {ested for enzyme
activity only. The physicochemical properties {density and viscosity ) of formulations AK03 and

-57.
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AK10 - AK1S were determined and the results are shown in Table 6. The density of each
formulation tested was comparable to the analogous pembrolizumab-endy fornwlation (no PHZ0
variant fragment 2), supporting the compatibiity of PH20 variant fragment 2 and pembrolizomab
proteins. Furthermore, as shown in Table 6 and Figure 1, the presence of PH20 varant fragment
2 {at about 2000 or 5000 U/mL) m the pembrolizaumab formudations (100, 130 or 165 mg/mi}

had no impact on the resulting temperature-dependent viscosities {5 and 20 °C).



WO 2022/066832 PCT/US2021/051641
Table 5. Pembrolizumab + PH20 variant fragment 2 Formulations.
. PH20 variant
Formulation Fenbto fragment 2 Anti-
# e Coneentration, | . 7T Buffer Stabilizer Suxfactant o
Natue o Concentration, oxidant
mg/ml )
mg/ml
. - 10mM 10xmb
i AK O] 165 0 Higtidine, pH | 7% Sucroge | 0.02% PS-80 Mathioning
53 N N
10mM
. N e 10mM
s 9] + o
20 AK 02 136 0 Histidine. pH | w0/ gyorose | 0.02% PS-80
>3 Methioning
10mM
. - on A e 10mM
3 AK (3 136 0 Bistidine, pH | o/ g0o0ce |0 .00% PS80
5.3 Methioning
10mM £
4 AKO04 0 0006 | Histidne o | o eon | ooeipssg |
2.3 Methioning
. ) 10mM 10mM
5 AK 05 ¢ (4.012 I-hsﬂdﬂnr:c, PH | 7o Suerose | 0.02% PS80
52 Methionine
10mM G
6 AK06 0 0.030 | Histiding, pH | wpso | opmmpsee |
5.0 Methicnine
] ) 10nM 10mM
71 AK9O7 163 0.024 Hisudie, B o Sucrose | 0.02% PS80
22 Methicnine
» 10 10mM
8 AK 08 136 0.024 Hmmiu{xe, PR w0 Sucmse | 0.02% PS80 .
S Methionine
10mM 16mM
9 AR 100 0.024 | Hisidino. oH | o gucrose | 0.02% PS80 ‘
>3 Methioning
10mM
s 10mM
10 AK 10 163 0012 Hxsud-u:e, BH | 70, sucrose | 0.02% PS-R0
2.2 Methioning
3 P . ?llor.n]\/i 10mb
thy AKH 139 0.012 Histidine, pH | 70/ qooree | 0.02% PS80
55 Methioning
10mM
_— ; oo Lo 10mub
27 AK12 106 0.012 Higtidine, pH | 2 g0 | g 0090 p3g0 ot
22 Methioning
B AR 165 0,030 H.j%?“ffﬁ u 10mM
b K13 160 ISHEME, PE | 794 Suerose | 0.02% PS80
2. Methionine
10mM OmM
41 AKI4 130 0.030 Histidine, pH | 2o/ sucmse | 0,029 Pa-go o
5.3 Methicnine
] 10mb 10mM
151 AKIS 100 0.030 Hisidioe. pH | vy, guorome | 0.02% PS80 |
5.5 Methioning
-39
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Table 6. Density and Viscosity of Formulations at 5 °C and 20 °C.
Formulation Density at 5 | Density at 20 | Viscosity at § | Viscosity at
SRR °C, glem? °C, glom® °C,cP 20°C, ¢P

AK 03 NT 1.05635 NT 5.789
AR 10 NT 1.07480 NT 3430
AK 11 1.06837 1063530 26.53 12.68
AK 12 1.05945 1.03656 10.66 5.832
AK 13 LO7710 1.07336 88.27 32.46
AK 14 1.06844 1.06532 26.36 1243
AK 13 NT 1.05634 NT 6.031

NT = Not Tested

All formulations were considered stable at the 3°C storage condition through the
6 month stability period as supported by the pH, protein {pembrolizumab} concentration, UP-
SEC, HP-IEX HIC, turbidity and enzyme activity results (Tables 7-12). At 25 °C, no changes
werg observed in pH, pembrolizumab concentration, turbidity, charge variants (IEX), Met] 105}
oxidation, or enzyme activity through the stability period. As shown in Figure 2, slight increase
n soluble aggregates (% High Molecular Weight Species, % HMWS), and corresponding
decrease in % monomer, were observed via UP-SEC over the time period tested when compared
1o the control (AKO3, PH20 variant fragment 2-free formulation). More marked changes in
soluble aggregates (%HMWS) were ohserved at 40 °C for all formulations tested (Figure 2),
with the largest changes observed as the concentration of pembrolizumab increased {106 mg/mL
~» 165 mg/mL) Turbidity (A350) resulis {Table 7) for all formulations also corroborated the UP-
SEC results indicating a decrease in physical stability of ali formulations stored at 40 °C for >1
month. Additionally, at 40 °C, more pronounced changes were observed in charge variants
{Figures 3-5) and methdonine]103] ocadation (Figure 6) for all formulations tested (Tables 10 and
123, however the presence of PHZ0 variant fragment 2 up to about S000 U/ral. in the fornmiation
does not impact any of the formulation attributes tested when compared to the control {AK03,
PH20 vanant fragment 2-free formulation). No changes in pembrolizumab concentration or
formulation pH were observed through the 5-month stability period at 3, 28 or 40 °C,
demonstrating the chemical stability of pembrolizumab in all formulations including the

formudations with PH20 variant fragment 2 (about 2000 — 5000 U/mlL),

- 60~
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Tabie 7. Turbidity Results for Formulations AKGL-AKLS.

Stability Time-Temperature

Test Form.

tmtial | IM/SC | 3M/SC IM2SC | 6M/25C

SM/A0C

EM/3C 1 25¢ IM/AGC 1 IM/AC

AK 01 | 6236

AK 02 | 0.141

‘|

AKO03 | 0097 | 0122 | 0.121 9.133 F NS ‘ 0.150 i 0.202 i 0.440

=
p—
iy

—
s
=

AK 07 | 6.102

Turbidity { AK.09 | 0116

(A350y L AK 101 G168 | 017 0177 NS 0.183 0,159 N3 0219 0298 NS
AK 111 0147 | 0148 0.144 0.142 0.154 0.164 0.170 0218 0.246 0,526
AR IZ 1 6115 | 0123 0,22 0.117 0.129 0,134 0.142 0.154 0.201 (.447
AK 13§ 0174 | 0179 0172 0171 (.186 0,199 0.20% 0184 0.302 0.635
AK 14} 0,143 | 0.149 0.148 0.143 0.159 {.162 0.172 0.182 0.248 0.53¢
AK 15§ 0115 | 0.126 0,123 0.119 0.133 0.137 0,143 0,155 0,203 0,446

WNT = Not Tested: NS = Not staged on Stability

Table 8. pH Data for Formulations AK-01 - AK{S.
. Stabitity Time-Temperature
Test | Fom. o - 1 N F o o o o o
Imitial { IMUSC | 3M/SC | 6M/ST | IMA2SC 3MY25C SM23C | IM/M40C | 3MAOT OM/A0C
AK 01 56 N§
AK 02 56 .
AR 03 35 5.6 1 57 ; N§ 36 I 5.6 E NS 1 56 ‘ 5.6 [ NT
AK 97 56
AK 08 55 NS
AK 09 56
pH

AX 19 36 5.7 3.7 NS 5.6 5.6 NS 5.7 3.6 NS
AX 11 36 5.6 3.6 W 5.7 5.6 NT 56 3.6 MT
AK 12 3.3 5.6 3.6 T 5.6 5.6 NT 36 3.6 MT
AK 13 36 5.7 3.7 Ni 3.6 5.0 NT 57 36 NT
AK 14 33 5.6 36 NT 5.6 5.0 NT 56 36 NT
AK 15 55 36 56 N 3.6 56 NT 56 56 NT

NT = Not Tested; NS = Not staged o Siability

Table 9. Pembrolizumab Concentration for Formulations ARG ~ AK1LS.

-6t~
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Stability Time-Tempeminre

Test Form. | i |
lnitial | IMUSC | 3M/SC L 6D IMAZ23C 1 3M2SC | oMA2SC | IMAOT | 3MA0C | 6MAM40C
AK G | 16359
NS
AK G2 | 1328
AK 03 99.7 829 t 978 NS 1 973 1 942 | NS t 873 1049 E NT
AKG7 | 1587
Ab AK 08 24.5 NS
Concen- AK 09 | 679
tration AKIG | 1672 | 1619 162 4 NS 1483 1651 N& 1568 1628 NS
(mg/mL)y AKX 11 1263 1274 1303 NT J28.8 NT 1259 1305 NT
AK 12 | 1001 513 983 NT 387 1010 NT 896 107 3 NT
AK 13 11385 | 1623 1619 NT 1529 1589 NT 1484 1563 NT
AN 14 | 1274 110.6 128.5 NT 1344 1293 NT 1223 1266 NT
AK 13 547 92 928 NT 877 1674 NT 996 556 NT

NT = Not Tested, NS = Not staged on Stability

Table 10, Methionine] 105} Oxidation Results for Formulations AK01 - AK1S.

Tnitial 1 IM/AC t

3IM25C i M50

INA40C l IM/AGE

Stability Time-Temperatug
Test | Form, 6M/4
Initial IMABC | 3WUSC | eMISC | IMIZSC | 3NVI25C | 6M/2SC | IMAGC | 3M/40C
0C
AKX (1 37
NS
AK G2 57
A¥ 03 56 5.0 1 4.3 ‘ 4.5 i 52 5.1 1 NS F 57 ! 66 | 182
AK 07 56
] AK 08 56 NS
Pre-peak - )
AK 09 57
t&2
AKX 10 56 49 4.6 NS S1 52 NS 5.6 6,0 NS
0/
Vo)
AK 11 5.6 3.0 4.8 4.9 5.1 5.2 5.3 3.6 6.0 ine
AK 12 56 30 48 4.8 5.2 5.2 4.6 56 6.6 in.1
AK 13 5.6 4.9 4.6 48 30 49 5.1 5.5 6.7 0.9
AK 14 57 49 48 S0 S1 5.0 5.1 5.5 6.5 i0.7
AK 13 85 5.0 4.9 4.5 32 5.2 5.1 5.6 6.5 9.5
N3 = Not staged on Stability
Table 11, UP-SEC Results for Formulations AKOY ~ AKIS,
Stability Time-Tempertature
Test Form,
SMYSC | eM/SC | IMIZEC OM/AGC

-62 -~
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AKOL | 032
N8
AKD2 | 028
AKO3 | 025 | 08 629 1 030 ‘ 043 E 0.58 k NS 122 { 270 ’ 214
H H

AKG7 | 031
AK 08 | 028 NS
AK 09 | 022

UHMWS
AK10 | 03t | €34 [ 038 N3 (.60 0.93 wS 173 270 NS
AKTY T o241 030 | 033 | 033 432 0.65 0.90 (XD 315 513
AK12 | 022 | 027 | 031 | 030 0.44 0.58 6.76 1.2¢ 173 .16
AKI3 | 630 | 033 | o638 | 034 0.58 0.82 106 178 372 10.07
AK 14 | 027 | 030 | 040 | 034 .51 0.69 691 154 3.29 .20
AR T3 | 82371 627 | 628 030 643 050 .76 133 2.80 8.20
AKGL | 557
AKOL | 997
AKG3 | 998 | 997 997 1 997 ‘ 5.6 [ 99.4 i M ; 972 ’ 916
AKGT | 997
AKOR | 897 NS
AKDY | 698

YeVionomer
AK 10 | 557 | 997 | 996 NS 99.4 99.1 NS 98.3 95.2 NS
AKIL | 958 | 997 [ 997 | 997 99.5 993 591 585 9.8 90.7
AK1Z | 998 | 997 | 997 | 997 446 594 95.2 58.7 972 916
AK13 | 997 | 997 | 996 | 997 993 997 93.9 98.2 96.2 896
AKH | 997 | 997 | 998 | 997 995 993 99.1 98.4 9.6 50.6
AKIS | 998 | 957 | 997 | 997 983 99.4 992 987 57.1 516
AKOL | 6.00

NS

AK G2 | 000
AKO3 | 000 | 000 | 000 | 0.00 ‘ 0.00 E 0.00 l NS 002 E 0.09 } 0.23
AK T | 0.00
AKGS [ 000 NS
AKGYTT000

SLMWS
AK16 | 6060 | 000 | 008 NS 0.00 0.90 NS 0.02 0.09 ws
AKLL ] 600 | 003 | 000 | 000 0.00 0.00 .02 6.02 0.08 0.21
AKI2 ] 000 | 003 | 000 | 066 .00 0.00 0.02 6.02 0.08 0.23
AK I3 | 060 | 000 | 000 | 080 0.09 0.00 .02 .02 0.08 £6.20
AK L4 [ 000 | 600 | 000 | 000 .00 0.00 0.02 .02 0.0% 0.23
AK 13 | 000 | 001 000 | 000 .09 0.00 0.01 06.02 0.09 0.23

MS = Not staged on Sability,
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Table 12, Charge Variants
Stgbility Thne-Temperatare
Test Form. 6M/4G
Initial EVESC | 3M/SC E aMIST | OEIMASC | 3MASC | eMASC | IMAMGC | 3MA0C
C
AK 61 18.2
NS
AK 02 182
AK. 63 176 191 E 178 i 168 E 200 4229 [ N§ 1 338 % S44 ! 77.1
AK 07 176
AK 68 177 nS
Acidic AR 09 178
Variants %) | AK 10 i3.0 193 17.6 NS 242 231 N3 340 332 N8
AK il 177 19.5 17.3 17.2 243 2238 368 34.0 34.0 784
AK 12 i8¢ 196 17.3 16.9 213 224 368 338 334 77
AK 13 i22 19.4 7.6 174 213 229 30 359 34.0 TR0
AK 14 i85 126 17.6 7] 209 228 368 339 34.1 786
AK i3 ig3 19.6 171 7.5 218 22.8 362 338 338 7R3
AK 6] 606
NS
AK 62 605
AK 67 614 60.9 E 60.0 i 52.9 E 396 i 558 f NS * 494 ‘ 313 i 12.2
AK 07 ©2.2
AK 68 61.2 NS
AK 09 61.2
Maizn (%)
AK 10 616 60.8 66.4 NS 39.5 56.8 NS 49.7 369 NS
AK 11 616 606 603 624 593 56.7 322 49.8 314 119
AK 12 60.7 60.5 39.4 623 593 56.1 523 494 31 2.2
AK 13 60.8 60,7 G0.4 621 593 572 523 495 313 134
AK 14 60.8 605 59.8 625 59.8 56.5 524 498 310 2.1
AK 5 6LG 606 59.9 622 59.6 557 526 493 313 2.3
AK 6L 212
N8
AK 62 20.8
AK 63 201 200 F 230 1 203 F 9.2 ' 214 ! NS ] 170 1 143 ! 16.9
Basic AR 67 208
Varants (%o) AK (8 210 N&
AKX 69 211
4K 10 208 19.9 22.0 Ng 193 20.1 NS 162 159 N§
AK i1 208 199 22.4 20.5 192 20.6 65 165 i4.6 0.2
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AK 12 207 199 233 206 193 215 170 168 1538 HER

AK 13 211 126 22.0 26.5 194 19.9 ie7 162 4.7 26

AK 14 205 200 226 26.4 193 20.6 168 165 149 8.3

AK 15 207 19.2 238 203 193 255 7 16X 4.9 9.4
NS = Not staged on Stability

1M, 3M and 6M refers to 1 month, 3 roonths and 6 months, respectively.

SC, 25C and 40C refers to S°C, 25°C and 40°C, respectively.

Example 4: Determination of Hyaluronidase Activity in Formulations with Pembrolizumab and
Hyaluronidase varant fragment

Hyaluronidase Activity Assay
Enzyme activity within a series of formulations {Table 13} was determined by a

turbidimetric assay on a Molecular Devices SpectraMax M5e nucroplate reader.

Table 13. Formulations and Enzyme-ounly Conirols Tested

A PH20 vanant fragment 2
o Pembro Concentration, )
Formulation™ _ Concentration,
mg/mL L
Units/mL
AK 03 . 2000
AK 06 — 5000
AK 10 165 2000
AK 11 130 2000
AK 12 100 2000
AK 13 165 3000
AK 14 130 5000
AK 15 100 5000
*All formulatons contain 7% w/iv Sucrose, 0.02% wiv PS-80, 10 xaM Histidine, 10
mM Methioniogs at pH §.3

Calibration curve standards, activity standards and test saroples were prepared via
dilution with chilled Enzyme Diluent (20 mM sodium phosphate, 77 mM sodium chloride, 0.01
% bovine serum albumin (BSA) at pH 7.0 at 25°C} to the working concentrations outlined in the
Table 14 below.

Table 14. Exarple Working Concentrations Used in Activity Assay.
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Working Concentration

Sample Type
pre 1y] (Units/mL}

Calibration Curve

Activity Standard 12

15

Test Samples 12
10

Samples were kept on ice during preparation. 5¢ pL of each sample was
transferred to a clear-bottom 96-well plate (Plate 1) {Coming 3835) in triplicate. 30 pL of
Enzyme Diluent solution was added in dedicated wells on the plate as a blank control. The plate
was sealed and incubated at 37°C for 10 minutes. After incubation, 50 ul of 37°C Hyahwonic
Acid Solution (0.06 % hyaluronic acid 300 mM phosphate at pH 5.35 at 37°C) was added to each
well containing sohution with a mudiichannel pipette. The plale was sealed then incubated at
37°C for exactly 45 minutes with shaking at 600 rpm. Prior to removing Plate T from incubation,
a second plate (Plate 2) was prepared with 200 ub of Acidic Albumin Solution {24 mM sodium
acetate, 79 mM acetic acid, 6.1 % BSA at pH 3.75 at 25°C) m each well creating the same well
lavout as Plate 1. After the exact 45 minuie incubation of Plate 1, 40 pL of solution from each
well was removed with a multi-channel pipette and added 1o the corresponding wells in Plaie 2
{containing Acidic Albumin Solution). Plate 2 was incubated at 25°C for 20 minutes within the
plate chamber of the microplate reader. The mucroplate reader was set to read absorbance at 600
nm after 5 seconds of shaking. After the 20 minute incubation, absorbance at 600 nm was read
for each well.

Generating Calibration Curve

Triplicate absorbance values from calibration curve standards were averaged and
subtracted from the average absorbance of the blank. The absolute value of the resulting
corrected absorbance was plotted vs the calibration curve standard volumetric activity values
(20,15, 12, 10, 8, and 6 Units/ml,, for example). The plot was fit as a second-order polvnomial

{Figure 7) and the resulting equation of the {it was used to determine enzymatic activity of the
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activity standards and test samples. The plot can also be performed with a linear fit, which was
applied to the enzvme activity calculations in Examples 3-10 (Figure 18},

1

Calevlation of enzymatic activity of standards and test samples

Triplicate absorbance values were averaged and subtracted from the average
absorbance of the blank. The absolute value of the resulting corrected absorbance was entered
into the fit equation from the calibration curve 1o determine the assay volumetric activity for the
standards and test samples. Any corrected absorbance value that fell outside the calibration
curve was discarded. Values were corrected for dilution by multiplying the assay volumetric
activity by the dilution factor used to prepare the selutions. (For example, if the estimates
enzymatic activity of the formulation or standard stock solution was 1500 Uniis/mL and was
diluted to 13, 12, and 10 Units/mL for analvsis, the dilution factors would have been 100, 125,
and 150 respectively) Final volumetric enzvine activity values were averaged and reported in
Units/mL as shown in Figures 8 and Figure 9.

Enzyme activily has been assessed in the co-formulated (pembrolizumab and
PH20 variant fragment 2) and PH20 variant fragment 2 control samples listed i Table 13
following storage at S and 25 °C . The enzyme activity 1n all formudations was retained through
& month/5 °C storage and comparable to that of the initial samples (Figure 8). After storage at 3
months/2S °C, enzyme-ondy controls showed decreased activity relative to samples stored at 5 °C
(Figure 9). Surprisingly, the enzvme activity in co-formulated samples was not impacted
through 3 month/25°C, indicating enhanced enzyme stability and activity in the presence of

pembrolizumab.

Example 5. Evaluation of the stability of Recombinant Human Hyaluronidase PH20 variant
fragroent 2 with Pembrolizumab in the formulations under siainless steel (S8) stress.

Test formulations {§801-8806} of pembrolizumab and PH20 variant fragment 2 were
prepared wm PETG bottles (125 mL) with the compositions cutlined in Table 15, Formulation
§802, S804 and S806 were exposed to S§ solid cvlinders at room temperature for 24 hours.
Formulation SS01, S503 and 5803 were placed at roorm temperature for 24 hours as control. All
formulations were filtered using 0.22 pm PES filter. Samples were staged on stability {protected
frora Light) at 5 °C up to 6 months and 25 °C for up to 3 months to assess the PH20 vanant

fragment 2 activity.

Table 1S. Pembrolzumab + PH20 variant fragment 2 Formulations with and without 88

EXPOSULE.
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Sample

N Composition Condition
Name

Corirol

S5 01 1165 mg/mL pembrolizumab, 2000 units/mL PH20 variang N0 85 exposure, 25°C
fragment 2, 10 mM L-Methionine, 7% (w/v) Sucrose,for 24

0.02% {(w/v) PS80 in 10 mM L-Histidine Buffer, pH 55 Diay 88 exposure

58S 02 (SS exposure, 25°C for
24hr)

Control

5SS 03 h3p mg/mL pembrolizumab, 2000 wits/mL PH20 variam(NON S exposure, 25°C
frapment 2, 10 mM L-Msthioning, 7% (w/v) Sucrose, for 24hr)

0.02% (w/v) PS80 in 10 mM L-Histidine Buffer, pH 55§ pav <8 exposure

55 04 (SS exposurg, 25°C fo
2 4hr)
Control

85 05 (No 88 exposure, 25°C

2000 units/ml, PH20 vanant fragment 2, 10mM L4, 24hr)
Methiomme, 7% {w/v) Sucrose, 0.02% {(w/v) PS80 mn 10
M L-Histidine Buffer, pH 5.5 | Day 58 exposure
SS 06 (SS exposure, 25°C for
24hry

Enzyme activity m co-formulated samples {8801-8504) was retained through 6
month/5°C and 3 month/25°C storage and comparable to that of the initial samples (Figure 11
and Figure 12} After storage at 6 months/5 °C and 3 months/25 °C, enzyme-only sample with 88
stress (S506) showed decreased activily relative to samples without S§ stress (S505) (Figure 11
and Figure 12). The enzyvme activity in co-formulated samples was not impacted through all the
ternperatures and imepoints, indicating enhanced enzyme stability and activity in the presence of

pembrolizumab.

Example 6:Evaluation of the stability of Recombinant Human Hyaluronidase PH20 variant
fragment 2 with Pembrolizumab and viscosity surrogate of Pernbrohizamab under light stress
Co-formulated samples were prepared as 165 mg/ml Pembrolizumab, 2000
Units/mL Recombinant Homan Hyaluwromdaze PH20 variant fragment 2 in 7% sucrose, 0.2
mg/mb P5-80, 10 mM methionine in 10 mM Histidine buffer at pH 3.5, To mimic the high
viseosity i the solulion caused by Pembrolizumab, 2000 Units/mL Recombinant Human
Hyaluronidase PH20 variant fragment 2 was formulated in 52% (w/w) Sucrose, 0.02% {(w/w)
PS-§0. Samples were filled into 6R vials with a 3 mL fill volume. 1 vial of each sample was
subjected o curdative light exposure of 300 Khpx-hr CWL at equivalent t0 0.25 X ICH CWL

{1 1CH = 1200 Kux®hr). Additionally, second set of vials for each sample was covered with
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aluminum foil dusing the exposure in the hight chamber as a dark control. Enzyme activity test
were performed to evaluate enzyme siability 1n the viscosily swrrogate under light stress. Both
samples show enzyme activity decrease under light stress compared to control samples. Enzyme
activity in viscosity surrogate solution decreased more compared to enzyme activity in the

presence of Pembrolizumab under the sarne light stress conditions (Figure 13).

Example 7. Evaluation of the impact of excipient concentration on the stability of Recombinant
Huoman Hyaluromidase PHZ0 vanant fragment 2 with Pembrolizumab

Test formulations (ER O1-ER 13} of pembrolizumab (165 mg/mL) and PH20
vartant fragrent 2 (2000 Units/mb), 16 mM Histidine, pH 5.5 were prepared with the
composttions outlined in Table 16 that are designed to differ 1 their concentrations of excipients
polysorbate 80, L-methionine, and sucrose. Samples were mcubated at 25°C for three months fo

monitor the impact of excipient concentration on enryme activity.

Table 16. Excipient Ranging Study in Pembrolizumab + PH20 variant fragment 2 Formulations.

Sample Name |  L-Methionine (mM) | Sucrose (% w/v) | PS80 (% wiv)
ER1 30 10 0.1
ER2 I 3 0.005
ER3 i 10 0.1
ER 4 30 3 0.008
ERS 30 3 0.1
ER 6 I 3 0.005
ER7 i 10 0.005
ER 8 i 10 0.1
ER Y 30 10 0.005

ER 18 i 3 0.1
ER 11 30 3 0.1
ER 12 30 10 0.005
ER 13 10 7 0.02
AK 05 19 7 0.02

As shown in Figure 14, there is no observable difference in enzyme activity as a function of
exciptent concentration or duration of incubation.  Test co-formulations of perbrolizumab and
PHZ0 vanant fragment 2 that were stored at 25°C for up to three months show retamed activity
compared to samples of PHZ0 variant fragment 2 alone {AK 05), demonstrating stabilization of

the enzyme in the presence of pembrolizumab.

Example & Evaluation of the Stability of Recombinant Human Hyaluronidase PH20 Varnant

Fragment 2 when Incubated at Varying Ratios with Pembrolizumab

- 69~
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Test formulations of pembrolizumab and PH20 vanant fragment 2 were prepared
with the compositions cutlined in Table 17 that differ in their antibody enzyme ratio. Al test
forroulations were prepared in 0.02 % polysorbate 80, 7 % sucrose, 10 oM Methionne o 10
mM Histidine buffer at pH 5.5 Samples were incubated at 25°C for up to three months to

monitor the impact of pembrolizumab: PH2Z0 variant fragment 2 ratios on enzyme activity.

Table 17. Pembrolizumab + PH20 Variant Fragment 2 Formulations to Explore Impact of
Antibody: Enzyroe ratio on PH20 Vanant Fragment 2 Achivity

B Pembrolizumab PH20 Variant Fragment 2

Sample o, e
Concentration {mg/ml) Concentration {Unigs/mL)

AK 03 0 .014 mg/ml

ER 14 25 .0009 mg/ml

ER 13 175 09009 mg/mk

ER 16 165 0.014 mg/mL

ER 17 17S {050 mg/ml.

ER IS8 23 0.050 mg/rol.

ER 19 163 {).050 mg/ml

ER 20 175 0.014 mg/mL

ER 21 163 0.0009 mg/mi,

ER 22 25 0.014 mg/mL

ER23 130 0.024 mg/ml.

ER 24 130 0.018 mg/ml

ER 25 130 0,030 mg/ml

ER 26 50 {1.014 mg/mL

ER 27 78 {.014 mg/mL

ER 28 100 (014 mg/mL

Due to the range of PH20 Vartant Fragment 2 concentrations, Figure 15 displays
enzyme activity relative to each sample’s target activity level. Ag shown by the data, enzyme
activity for samples with 0.0009-0.05 mg/mi of PH20 Variant Fragment 2 15 retained near target
after three months of incubation at 253°C when in the presence of pembrolizumab at 25-175

mg/ml in contrast to samples prepared with PH20 Vasiant Fragment 2 alone {(AK03),

Example 9 Evaluation of the stability of Recombivant Human Hyaluronidase PH20 variant
fragment 2 with Pembrolizumab under Thermal Stress

Co-formulated samples were prepared across a range of Pembrolirumab
concentrafions {§ mg/mL — 165 mg/mL}, 2000 Units/mL Recombinant Human Hyaluronidase
PH20 variant fragment 2 i 7% sucrose, 10 mM methionine in 10 mM Histidine buffer at pH 5.5

Activity was measured after each sample was incubated at 35°C for § week (Figure 16}, The data
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indicates at concentrations of § — 165 mg/mL Pembrolizumab, there was enhanced PH20 Varant
Fragment 2 enzyme activity and stability after thermal stress in the presence of Pembrolizumab
compared to samples of PH20 Vanant Fragment 2 alone. In addifion, retention of PH20 Varant
Fragment 2 activity upon thermal stress displays a dependence on Pembrolizumab concentration.
The data mdicates that at concentrations equal or greater than 75 mg/mbL Pembrolizumab, the
enhancement of PH20 Variant Fragment 2 enzyme activity was wnexpectedly higher compared
1o lower concentrations of Pembrolizumab.

Example 10 Impact of pH on the stabilily of Recombinant Human Hyaluromdase PH20 variant
fragroent 2 with Pembrolizumab

Test formulations of pembrolizumab (165 mg/ml) and PH20 vanant fragment 2
(2000 Units/mL) m 10 mM histidine, 10 mM methioning, 7 % w/v sucrose, 0.02 % w/v PS-&0
were prepared at pH 5.0, pH 5.5 and pH 6.0. Samples were incubated at 23°C for up to three
months to monitor the impact of formulation pH on PH20 Vartant Fragment 2 stability. Figure
17 shows that PH20 Vanant Fragment 2 enzyme activity is comparable across the pH range

studied and maintans activity after incubation for three mounths at 25°C.
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WHAT IS CLAIMED 15

1. A formulation comprising:

a) aboui 20 mg/ml to about 200 mg/mL of an anti-haman PD-1 antibody, or
antigen binding fragment thereof]

b) about 0.0009 — 0.050 mg/ml of a PH20 variant or fragroent thereof]

) about 5§ mM to about 20 mM buffer;

d) about 3% to about 10% weight/volume {(w/v) of a non-reducing

dissacharide selected from the group consisting of sucrose and trehalose;

&) about 0.0035 % to about 0. 10% (w/v) non-ionic surfactant; and, optionally
) about 1 mM to about 30 mM anti-oxidant.
2. The formudation of claim §, wherein the formulation has a pH between

about 5.2 and about 5.8.

3. The formulation of claim |, wherein the fornmulation has a pH between

about 3.0 and about 6.0.

4. The formulation of any of claims 1-3, wherein the buffer is a histidine
buffer.
3. The formulation of any of claims 1-3, wherein the buffer is a histidine

buffer, which is present at a concentration of about & mM 1o about 12 mM.

6. The formudation of any of claims 1-5, wherein sucrose, or trehalose is

about 6% to about 8% weight/volume {w/v}.

. The formulation of any of claims 1-5, wherein the non-reducing
7 The { tation of any of ¢l 1-5, wi th d

dissacharide 15 sucrose which ts present at about 7% wiv,

3. The formuldation of any of claims 1-7, wherein the non-~ionic surfactant ig

polysorbate 80, 66, 46 or 20.

9 The formudation of claim 8, wherein the non-ionic surfactant is present at

approximately 0.005-0.02% wiv,
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10, The formulation of claim 9, wherein the non-ionic surfactant 1s present at

approximately 0.02% wiv.

11, The formulation of any one of claims 1-10, wherein the anti-oxidant 1s L-

5 methionine, or a pharmaceutically acceptable salt thereof.

12, The formulation of any of claims 1-10, wherein the anti-oxidant is L~
methtonine, or a pharmaceutically acceptable salt thereof, which is present at a concentration of

about 5 mM to about 20 mM.

10
13, The formulation of any ove of claims 1-12, wherein the concentraticn of
the anti-human PD-1 antibody, or antigen binding fragment thereof, is from about 100 mg/mb to
about 185 mg/mi.
i3 14, The formulation of any one of claims 1-12, wherein the congentration of

the anti-human PD-1 antibody, or antigen binding fragment thereof, is from about 50 mg/mL to

about 175 mg/mb.

15, The formulation of any one of claims 1-12, wherein the concentration of
20 the anti-human PDB-1 antibody, or antigen binding fragment thereof, is from about 75 mg/ml to

about 175 mg/mb.

16, The formulation of any one of claims 1-12, wherein the concentration of

the anti-human PD-1 antibody, or anfigen binding fragment thereof, 1s about 30, 75, 150, 165 or

25 185 mg/mL.
17, The formwlation of any of claims 1-12, wherein the concentration of the
anti-human PD-1 antibody or antigen binding fragment thereof is about 130 mg/mlL.
36 18, The formulation of any of claims 1-12, wherein the concentration of the

anti-human PD-1 antibody or antigen binding fragment thereof is about 165 mg/ml..

19 The formulation of any of claims [-18, wherein the concentration of the

PH20 vanant or {ragment thereof is about 0.006 mg/ml. or 1000 U/l

- 73 .



WO 2022/066832 PCT/US2021/051641

20, The formulation of any of claims 1-18, wherein the concentration of the

PH20 variant or fragment thereof is about ¢.009 mg/mL or 1500 U/ml.

21 The formulation of any of claims 1-18, wheremn the concentration of the

5 PH20 vanant or fragroent thereof is about 0.012 wg/md. or 2000 U/ml,

22, The formulation of any of claims 1-18, wherein the concentration of the

PH20 variant or fragment thereof is about 750, 1000, 1500, 3000, 3000, or 6000 U/mL.

10 23.  The fornulation of claim 1 comprising:
a) about 100 mg/ml o about 185 mg/mL of an anti-huroan PD-1 antibody,

or antigen binding fragment thereof,
b) about 0.006 — 0.04 mg/rol of PH20 vasiant or fragment thereof]

c} about § mM to about 20 mM histidine buffer;

i3 d) about 6% to about 8% w/v sucrose;
e about 0.01 % to about 0.04% w/v polysorbate 8¢; and optionally
] about 5 mM {0 about 20 mM L-methionine, or a pharmaceutically

accepiable salt thereof.

20 24, The formulation of claim | comprising:
a} about 100 mg/mL to about 165 mg/mbL of an anti-human PD-1 antibody,
or antigen binding fragment thereof,

b) about 0.006 - 0.030 mg/ml of PH20 variant or fragment thereof,

¢} about 5 mM to about 20 M histidine buffer;
23 d) about 6% to about 8% w/v sucrose;
&) about 0,01 % to about 0.04% wiv polysorbate 80; and optionally
£ abowt 5 mM to about 20 oM L-methionine, or a pharmaceuticaly
acceptable salt thereof.
36 25 The formulation of claim 1, comprnising:

a) about 100 to about 165 mg/mL of an anti-human PD-1 antibody, or
antigen binding fragment thereof]
b} about 0.006-0.030 mg/mi of PH20 variant or fragment thereof;

<) about 10 mM hisiidine buffer;
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salt thereof]

a)

fragment thereof;

salt thereof;

b)
o)
d)

&)

a}

fragment thereof,

salt thereof,

b}
c}
d)

fragment thereof;

salt thereof,

b}

o)
d)

&)
f)
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optionally, about 10 mM L-methionine, or a pharmaceutically acceptable

about 7% w/v sucrose; and

about 0.02 % w/v polysorbate 80.

The formulation of claim !, comprising;

about 130 mg/mL of an anti-human PD-1 antibody, or antigen binding

about 0.006 mg/ml or 1000 U/ml of PH20 variant or fragment thereof;
about 10 mM histidine buffer;

optionially, about 10 mM L-methionine, or a pharmaceutically acceptable

about 7% w/v sucrose; and

about 0.02 % w/y polysorbaie 80.

The formulation of claim 1, comprising;

about 130 mg/mL of an anti-human PD-1 antibody, or antigen binding

about 0.009 mg/mi or 1500 U/md of PH20 variant or fragment thereof;
about 10 mM histidine buffer;

optionally, about 10 mM L-methionine, or a pharmaceuntically acceptable

about 7% w/v sucrose; and

about 0.02 % w/v polysorbate 80

The formulation of claim 1, comprising:

about 130 mg/ml of an anti-human PD-1 antibody, or antigen binding

about 2000 U/l or 0.012 mg/mi of PH20 variant or fragment thereof;
about 10 mM hisiidine buffer;

optionally, about 10 mM L-methionine, or a pharmaceutically acceptable

about 7% w/v sucrose; and

about 0.02 % w/v polysorbate 80,

:
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29 The formulation of claim 1, comprising:
@) about 165 mg/mL of an anti-human PD-1 antibody, or antigen binding
fragment thereof;

b} about 0.006 mg/mi or 1000 U/mi of PH20 variant or fragment thereof;

3 <) about 10 mM histidine buffer;
d) optionally, about 10 mM L-methionine, or a pharmaceutically acceptable

salt thereof;
e} about 7% w/v sucrose; and

£ about 0.02 % wiv polysorbate 80,

10
30, The formulation of clamm |, coraprising:
a) about 165 mg/ml of an anti-human PD-1 antibody, or antigen binding
tragment thereof,
b} about 0.009 me/mi or 1500 U/mi of PH20 variant or fragment thereof]
i3 9] about 10 mM histidine bufter;
d) optionally, about 10 mM L-methionine, or a pharmaceutically acceptable
salt thereof;
&) about 7% wiv sucrose; and
£ about 0.02 % w/v polysorbate 80.
20
31, The formulation of claim 1, comprising:
&) about 165 mg/mL of an anti-hursan PD-1 antibody, or antigen binding
fragment thereof,
b} about 2000 U/mi or 8.012 mg/mi of PH20 variant or fragment thereof
23 ) about 10 mM histidine buffer;
d optionaily, about 10 mM L-methionine, or a pharmaceutically acceptable
salt thereof’
e} about 7% w/v sucrose; and
£ about 0.02 % w/v polysorbate 80.
30

32, 'The formulation of any one of claims 23-31, wherein the concentration of
the anti-human PD-1 antibody, or anfigen binding fragment thereof, is from about 58 mg/ml. to

about 175 mg/mb.
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33, The formulation of any one of claims 23-31, wherein the concentration of
the anti-human PD-1 antibody, or antigen binding fragment thereof, is from about 75 mg/mL to

about 175 mg/mi.

34, The formulation of any one of claims 23-31, wherein the concentration of
the anti-human PD-1 antibody, or antigen binding fragment thereof, is about 30, 75, 150, 165 or
185 mg/mL.

35, The formulation of any of claims 1-34 that is a iqud.

36, The forpudation of any of clasms 1-34 that 15 a reconstitited solution from

a lvophilized formulation.

37.  The formulation of any of claims 1-36, wherein the formulation is

contained in g glass vial or igection device,

38, The formulation of any of claims 1-37, wherein the formulation is for

subcutaneous administration.

39, The formulation of claim 38, wherein the viscosity of the formulation 1 in

the range of 7-90 cP at 5 °C.

40, The formulation of claim 38, wherein the viscosity of the formmlation s in
the range of 7-30 cP at 5 °C.

41, The formulation of claim 38, wherein the viscosity of the formulation is in

the range of 7-50 cP at 20 °C.

42 The formmiation of claim 38, wherein the viscosity of the formulation is in

the range of 7-20 ¢P at 20 °C.

43, The formulation of any of claims 1-42, wherein after storage of the

formulation at 5 °C for 3 months, the % HMW as measured by HP-SEC is less than 2%.
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44, The formulation of any of claims 1-43, wherein the anti-human PD-1
antibody or antigen binding fragment thereof comprises a light chain vanable region comprising
three light chain CDRs comprising CDRLT of SEQ ID NG:1, CDRL2 SEQ ID NO:2 and
CDRL3 of SE( [D NO:3 and a heavy chain vartable region comprising three heavy chain CDRs
of CORH1T of SEQ 1D N6, CDRHZ of SEQ 1D NG.7 and CDRH3 SEQ D NO:B.

45, The formulation of any of claims 1-43, wherein the anti-human PD-1
antibody or antigen binding fragment thereof comprises a light chain variable region which
comprises the aminoe acid sequence set forth in SEQ 1D NO4, and a heavy chain vanable region

comprising the amino acid sequence set forth in SEQ 1D NG9

46.  The formudation of any of claims 1-43, wherein the anti-human PD-1
antthody comprises a light chain comprising the amino acid sequence set forth m SEQ ID NG5

and a heavy chain comprising the amine acid sequence set forth in SEG 1D N{:10.

47, The formulation of any of claims 1-43, wherein the anti-human PD-1

antibody is pembrolizumab,

48 The formulation of any of claims 1-43, wherein the anti-human PD-1

antibody is a pembrolizumab variani.

49 The formulation of any of claims 1-48, wherein the PH2( varant or
fragment thereof further comprises one or more aming acid residue substitutions selected from
the group consisting of T341A, T341C, T341D, T341G, T3418, L342W, 8343E, 1344N and
N363G,

33, The fornudation of any of claims 1-4&, wherein the PH20 variant or
fragment thereof has amino acid residue substitutions selected from the following amino acid
residue substitution groups:

{3} T34 15, L342W, 5343E, I344N, M345T, 53471, M348K, K349E, L3524, L353A, 1354,
D355K, N356E, E359D and 13617T;

{b) L342W, S343E. 1344N, M345T, 8347T, M348K, K349E, 1.352Q, L353A, L3541, D355K,
N356E, E359D and 1361T;

{c)y M345T, 8347, M348K, K349, L352Q, L353A, 1354, D3SSK, N3SoE, E359D, 1361T and
N363G;
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{dy T3414G, 1.342W, S343E, 1344N, M348T, §3477, M348K, K349E, 1.352Q, L3334, 1354},
D355K, N356E, E359D and 136171;

{e) T341A, L342W, S343E, [344N, M345T, S3477, M348K, K349E, 1.352Q, L3834, L3541,
D355K, N356E, E359D and 13617,

([ T341C, L342W, 8343E, 1344N, M345T, 83477, M348K, K349E, L3524, L333A, L3541,
355K, N3S6E, E359D and 13617

{23 T341D, L342W, S343E, 344N, M345T, 83477, M348K, K349F, L3523, L.353A, L3541,
D3535K, N356E, E359D and 1361T;

{(h) T344N, M343T, 8347T, M348K, K349E 13520, L3534, L3541, D355K, N336E, E359D
and 13617T; and

(1} 8343, 1344N, M3457, 83477, M348K, K349F, L3524, L3533A, L3541, D355K, N35aE,

13590 and 1361T.

51, The formulation of any of claims 1-48, wherein the PH20 variant or
fragment thereol has amino acid residue substitutions consisting of T3418, L342W, 8343E,
I344N, M345T, $347T, M348K, K349E, L3520, L353A, L3541, D355K, N336E, E359D and

361T,

52.  The formulation of any of claims 1-51, that comprises a PH20 variant
fragment that has an N-terminus deletion of amimo acid residues 1-36, 1-37, 1-38, 1-39, or 1-40
of SEQ ID NG 21,

53, The formulation of any of claims 1-51, that comprises a PH20 variant
fragment that has a C-terminus deletion of amino acid residues 455-509, 458-509, 461-309, 464-
509, 465-509, 466-309, 467-509, 468-509, 470-309, 471-509, 472-30%, 473-309, 474-509, 475~
509, 476-509, 478-509, 480-309, 482-509, 484-509, 486-5309, 488-309, or 490-5309, wheremn the
nuimbering is i reference to SEQ IR NO: 21

34, The formulation of any of claims 1-53, that comprises a PH20 variant
fragment that has a C-terminus deletion of amino acid residues 468-509, wherein the numbering
is in reference to SEQ 1D NO: 21

55, The formulation of any of claims 1-48 that comprises a PHZ0 variant

fragment conststing of the amine acid sequence set forth in SEQ ID NG: 23
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56, A method of treating chronic infection in a human patient in need thereof
comprising: admimstering an effective amount of the formulation of any one of claims 1-55 fo

the patient.

7. Amethod of treating cancer in a liman patient in need thereof, the
method comprising administering an effective amount of the formulation of any one of claims 1-

55 to the patient.

38.  The method of claim 37, wherein the cancer 15 relanoma, non-small cell
lung cancer, head and neck cancer, urothelial cancer, breast cancer, gastric cancer,
gastroesophageal junction adenocarcinoma, roultiple raveloma, hepatocellular cancer, merkel
cell carcinoma, renal eell carcinoma, endomeirial carcinoma, cutaneous squamous cell
carcinoma, non-Hodgkin lvmphoma, Hodglan lymphoma, mesothelioma, ovarian cancer, small
cell fung cancer, esophageal cancer, anal cancer, biliary tract cancer, colorectal cancer, cervical
cancer, thvroid cancer, salivary cancer, prosiate cancer, ghioblastoma, Tumor Mulational Burden-

High or MSI-H cancer.

59, The method of claim 58, wherein the cancer is breast cancer which ig

triple negative breast cancer or ER+/HERZ2- breast cancer.

60, The method of claim 58, wherein the cancer 1s non-Hodgkin lymphoma

which is primary wediastinal B-cell lvmphoma or diffuse large B-cell lymphoma,

61, The method of ¢laim 58 or 59, wherein the cancer s a macrosatellite

nstability-high (MSI-H} or mismatch repair deficient solid tumor.

62.  The method of claim 58, wherein the cancer is urothelial cancer, head and

neck cancer, gastric cancer, cervical cancer, or esophageal cancer.

63, The method of any one of claims 58-62, wherem the patieni has a tumor

with PD-L1 expression CPS >1%.

4. The method of claim 58, wherein the cancer is metastatic non-small cell

lung cancer (NSCLC).
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65, The method of claim 64, wherein the patient has a tamor with high PD-1L1
expression {(Tumor Proporiion Score (TPS) >50%)] and was not previcusly treated with

platinum-containing chemotherapy.

66, The method of clairn 64, wherein the patient has a tumor with PD-L1

expression TPS >1% and was previously treated with platinum-containing chemotherapy.

67.  The method of any of claims 64-66, wherein, the patient’s tumor has no

EGFR or ALK genomie aberrations,

68, The method of claim 64, wherein the method further comprise

administering pemetrexed and carboplatin to the patient.

69, The method of any of claims 56-68, wherein the effective amount
comprises a dose of anti-human PD-1 antibody selected from the group consisting of about 1.0,

3.0, and 10 mg/kg patient body weight.

70, The method of any of claims 56-68, wherein the effective amount of the

formulation comprises a dose of anti-human PB-1 antibody of 200 to 400 mg.

71, The method of any of claims 56-68, wherein the formulation is

administered by subcutaneous admunisiration.

72, Use of the formulation of any of claims 1-55 for the treatment of cancer in

& human patient,

73, Theuse of claim 72, wherein the cancer is melanoma, non-small cell lung
cancer, head and neck cancer, urothelial cancer, breast cancer, gastric cancer, gastroesophageal
junction adenocarcinoma, nultiple myeloma, hepatocellular cancer, merkel cell carcinoma, renal
cell carcinoma, endometrial carcinoma, cutaneous squamous cell carcinoma, non-Hodghin
lymphoma, Hodgkin lymphoma, mesothelioma, ovartan cancer, small cell lung cancer,
esophageal cancer, anal cancer, biliary tract cancer, colorectal cancer, cervical cancer, thyrotd
cancer, salivary cancer, prostate cancer, ghoblasioma, Tumor Mutational Burden-High or MSI-H

CAnCer.
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