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° B CRPR

S 4] 925
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017
0.0 - T 1
Positive Negative
n=25 n=17
PD-L1 Status
Association Between Pretreatment Tumor PD-L1 Expression
and Clinical Response
Response Status | PD-L1-Positive PD-L1-Negative Total
no. (%) no. (%) no. (%)

CR/PR 9(36) 0 9(21)
Nonresponder 16*(64) 17(100) 33(79)
All Patients 25 17 42

Fisher's exact test for association P=0.006.

*Two patients categorized as nonresponders at the time of data analysis are
still under evaluation.

FIG. 8A
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CANCER IMMUNOTHERAPY BY
DISRUPTING PD-1/PD-L1 SIGNALING

This application claims the benefit of U.S. Provisional
Patent Application No. 61/647,442, filed May 15, 2012, and
U.S. Provisional Patent Application No. 61/790,747, filed
Mar. 15, 2013, the contents of which are hereby incorporated
herein by reference in their entirety.

Throughout this application, various other publications
are referenced in parentheses by author name and date, or by
patent No. or patent Publication No. Full citations for these
publications may be found at the end of the specification
immediately preceding the claims. The disclosures of these
publications are hereby incorporated in their entireties by
reference into this application in order to more fully describe
the state of the art as known to those skilled therein as of the
date of the invention described and claimed herein. How-
ever, the citation of a reference herein should not be con-
strued as an acknowledgement that such reference is prior
art to the present invention.

FIELD OF THE INVENTION

This invention relates to methods for immunotherapy of a
cancer patient comprising administering to the patient anti-
bodies that disrupt the PD-1/PD-L.1 signaling pathway. A
biomarker may be used as part of this treatment for identi-
fying suitable patients for immunotherapy and for predicting
the efficacy of anti-PD-1 treatment.

BACKGROUND OF THE INVENTION

Human cancers harbor numerous genetic and epigenetic
alterations, generating neoantigens potentially recognizable
by the immune system (Sjoblom et al., 2006). The adaptive
immune system, comprised of T and B lymphocytes, has
powerful anti-cancer potential, with a broad capacity and
exquisite specificity to respond to diverse tumor antigens.
Further, the immune system demonstrates considerable plas-
ticity and a memory component. The successful harnessing
of all these attributes of the adaptive immune system would
make immunotherapy unique among all cancer treatment
modalities. However, although an endogenous immune
response to cancer is observed in preclinical models and
patients, this response is ineffective, and established cancers
are viewed as “self” and tolerated by the immune system.
Contributing to this state of tolerance, tumors may exploit
several distinct mechanisms to actively subvert anti-tumor
immunity. These mechanisms include dysfunctional T-cell
signaling (Mizoguchi et al., 1992), suppressive regulatory
cells (Facciabene et al., 2012), and the co-opting of endog-
enous “immune checkpoints,” which serve to down-modu-
late the intensity of adaptive immune responses and protect
normal tissues from collateral damage, by tumors to evade
immune destruction (Topalian et al., 2011; Mellman et al.,
2011).

Until recently, cancer immunotherapy had focused sub-
stantial effort on approaches that enhance anti-tumor
immune responses by adoptive-transfer of activated effector
cells, immunization against relevant antigens, or providing
non-specific immune-stimulatory agents such as cytokines.
In the past decade, however, intensive efforts to develop
specific immune checkpoint pathway inhibitors have begun
to provide new immunotherapeutic approaches for treating
cancer, including the development of an antibody (Ab),
ipilimumab (YERVOY®), that binds to and inhibits Cyto-
toxic T-Lymphocyte Antigen-4 (CTLA-4) for the treatment
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of patients with advanced melanoma (Hodi et al., 2010) and,
as described herein, the development of Abs that block the
inhibitory PD-1 pathway.

Programmed Death-1 (PD-1) is a key immune checkpoint
receptor expressed by activated T and B cells and mediates
immunosuppression. PD-1 is a member of the CD28 family
of receptors, which includes CD28, CTLA-4, ICOS, PD-1,
and BTLA. Two cell surface glycoprotein ligands for PD-1
have been identified, Programmed Death Ligand-1 (PD-L1)
and Programmed Death Ligand-2 (PD-L2), that are
expressed on antigen-presenting cells as well as many
human cancers and have been shown to downregulate T cell
activation and cytokine secretion upon binding to PD-1
(Freeman et al., 2000; Latchman et al., 2001). Unlike
CTLA-4, PD-1 primarily functions in peripheral tissues
where activated T-cells may encounter the immunosuppres-
sive PD-L1 (B7-H1) and PD-L.2 (B7-DC) ligands expressed
by tumor and/or stromal cells (Flies et al., 2011; Topalian et
al., 2012a). Inhibition of the PD-1/PD-L.1 interaction medi-
ates potent antitumor activity in preclinical models (U.S.
Pat. Nos. 8,008,449 and 7,943,743), and the use of Ab
inhibitors of the PD-1/PD-L1 interaction for treating cancer
has entered clinical trials (Brahmer et al., 2010; Topalian et
al., 2012b; Brahmer et al., 2012; Flies et al., 2011; Pardoll,
2012; Hamid and Carvajal, 2013).

The promise of the emerging field of personalized medi-
cine is that advances in pharmacogenomics will increasing
be used to tailor therapeutics to defined sub-populations, and
ultimately, individual patients in order to enhance efficacy
and minimize adverse effects. Recent successes include, for
example, the development of imatinib mesylate
(GLEEVEC®), a protein tyrosine kinase inhibitor that
inhibits the ber-abl tyrosine kinase, to treat Philadelphia
chromosome-positive  chronic myelogenous leukemia
(CML); crizotinib (XALKORI®) to treat the 5% of patients
with late-stage non-small cell lung cancers who express a
mutant anaplastic lymphoma kinase (ALK) gene; and vemu-
rafenib (ZELBORAF®), an inhibitor of mutated B-RAF
protein (V600OE-BRAF) which is expressed in around half of
melanoma tumors. However, unlike the clinical develop-
ment of small molecule agents that target discrete activating
mutations found in select cancer populations, a particular
challenge in cancer immunotherapy has been the identifica-
tion of mechanism-based predictive biomarkers to enable
patient selection and guide on-treatment management.
Advances in validating PD-L1 expression as a biomarker for
screening patients for anti-PD-1 immunotherapy are
described herein.

SUMMARY OF THE INVENTION

The present disclosure provides a method for immuno-
therapy of a subject afflicted with cancer, which method
comprises administering to the subject a composition com-
prising a therapeutically effective amount of an agent that
disrupts, reduces or suppresses signaling from an inhibitory
immunoregulator. In preferred embodiments, the agent is an
Ab. In other preferred embodiments, the inhibitory immu-
noregulator is a component of the PD-1/PD-L1 signaling
pathway. In further preferred embodiments, the Ab disrupts
the interaction between PD-1 and PD-L1. In certain embodi-
ments, the Ab is an anti-PD-1 Ab of the invention or an
anti-PD-L.1 Ab of the invention. In preferred embodiments,
the anti-PD-1 Ab of the invention is nivolumab (BMS-
936558) and the anti-PD-L.1 Ab of the invention is BMS-
936559. In certain embodiments, the subject has been pre-
treated for the cancer. In other embodiments, the cancer is an
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advanced, metastatic and/or refractory cancer. In preferred
embodiments, the administration of the Ab or antigen-
binding portion to the subject thereof induces a durable
clinical response in the subject.

This disclosure also provides a method for immuno-
therapy of a subject afflicted with cancer, which method
comprises: (a) selecting a subject that is a suitable candidate
for immunotherapy, the selecting comprising (i) optionally
providing a test tissue sample obtained from a patient with
cancer of the tissue, the test tissue sample comprising tumor
cells and tumor-infiltrating inflammatory cells, (ii) assessing
the proportion of cells in the test tissue sample that express
PD-L1 on the cell surface, and (iii) selecting the subject as
a suitable candidate based on an assessment that the pro-
portion of cells in the test tissue sample that express PD-L1
on the cell surface exceeds a predetermined threshold level;
and (b) administering a composition comprising a therapeu-
tically effective amount of an agent that disrupts signaling
from the PD-1/PD-L1 pathway, for example, an anti-PD-1 or
an anti-PD-L.1 Ab, to the selected subject.

The disclosure further provides a method for treatment of
a subject afflicted with cancer, which method comprises: (a)
selecting a subject that is not suitable for immunotherapy
with an agent that disrupts signaling from the PD-1/PD-L1
pathway, for example, an anti-PD-1 or an anti-PD-L.1 Ab,
the selecting comprising (i) optionally providing a test tissue
sample obtained from a patient with cancer of the tissue, the
test tissue sample comprising tumor cells and tumor-infil-
trating inflammatory cells; (ii) assessing the proportion of
cells in the test tissue sample that express PD-L1 on the cell
surface; and (iii) selecting the subject as not suitable for said
immunotherapy based on an assessment that the proportion
of cells in the test tissue sample that express PD-L1 on the
cell surface is less than a predetermined threshold level; and
(b) administering a standard-of-care therapeutic other than
an agent that disrupts signaling from the PD-1/PD-L1 path-
way to the selected subject.

In addition, the disclosure provides a method for selecting
a cancer patient for immunotherapy with an agent that
disrupts signaling from the PD-1/PD-L1 pathway, for
example, an anti-PD-1 or an anti-PD-L1 Ab, which method
comprises: (a) optionally providing a test tissue sample
obtained from a patient with cancer of the tissue, the test
tissue sample comprising tumor cells and tumor-infiltrating
inflammatory cells; (b) assaying the test tissue sample to
determine the proportion of cells therein that express PD-L.1
on the cell surface; (c) comparing the proportion of cells that
express PD-L1 on the cell surface with a predetermined
threshold proportion; and (d) selecting the patient for immu-
notherapy based on an assessment that PD-L1 is expressed
in cells of the test tissue sample.

This disclosure further provides a method for predicting
the therapeutic effectiveness of an agent that disrupts sig-
naling from the PD-1/PD-L1 pathway, for example, an
anti-PD-1 or an anti-PD-L.1 Ab, for treating a cancer patient,
which method comprises: (a) optionally providing a test
tissue sample obtained from a patient with cancer of the
tissue, the test tissue sample comprising tumor cells and
tumor-infiltrating inflammatory cells; (b) assaying the test
tissue sample to determine the proportion of cells therein
that express PD-L1 on the cell surface; (¢) comparing the
proportion of cells that express PD-L1 on the cell surface
with a predetermined threshold value; and (d) predicting the
therapeutic effectiveness of the agent, wherein if the pro-
portion of cells that express PD-L1 on the cell surface
exceeds the threshold proportion the agent is predicted to be
effective in treating the patient, and wherein if the proportion
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of cells that express PD-L.1 on the cell surface is below the
threshold proportion the agent is predicted to not be effective
in treating the patient.

The present disclosure also provides a method for deter-
mining an immunotherapeutic regimen comprising an agent
that disrupts signaling from the PD-1/PD-L1 pathway, for
example, an anti-PD-1 or an anti-PD-L1 Ab, for treating a
cancer patient, which method comprises: (a) optionally
providing a test tissue sample obtained from a patient with
cancer of the tissue, the test tissue sample comprising tumor
cells and tumor-infiltrating inflammatory cells; (b) assaying
the test tissue sample to determine the proportion of cells
therein that express PD-L.1 on the cell surface; (¢) compar-
ing the proportion of cells that express PD-L.1 on the cell
surface with a predetermined threshold proportion; and (d)
determining an immunotherapeutic regimen comprising the
agent based on the determination that the proportion of cells
that express PD-L1 on the cell surface exceeds the prede-
termined threshold proportion.

In certain embodiments of the methods described herein,
the test tissue sample is a formalin-fixed and paraffin-
embedded (FFPE) sample. In certain other embodiments,
assessing the proportion of cells in the test tissue sample that
express PD-L1 on the cell surface is achieved by immuno-
histochemical (IHC) staining of the FFPE sample. In pre-
ferred embodiments, the mAb 28-8 or SHI1 is used in an
automated IHC assay to bind to PD-L1 on the surface of
cells in the test tissue sample. In preferred embodiments of
any of the methods disclosed herein, the cancer is melanoma
(MEL), renal cell carcinoma (RCC), squamous non-small
cell lung cancer (NSCLC), non-squamous NSCLC, colorec-
tal cancer (CRC), -castration-resistant prostate cancer
(CRPC), hepatocellular carcinoma (HCC), squamous cell
carcinoma of the head and neck, carcinomas of the esopha-
gus, ovary, gastrointestinal tract and breast, or a hematologic
malignancy such as multiple myeloma, B-cell lymphoma,
T-cell lymphoma, Hodgkin’s lymphoma/primary mediasti-
nal B-cell lymphoma, and chronic myelogenous leukemia.

This invention additionally provides a mAb or antigen-
binding portion thereof that binds specifically to a cell
surface-expressed human PD-L1 antigen in a FFPE tissue
sample. In preferred embodiments, the mAb or antigen-
binding portion thereof does not bind to a cytoplasmic
PD-L1 antigen in the FFPE tissue sample. In other preferred
embodiments, the monoclonal Ab (mAb) is the rabbit mAb
designated 28-8, 28-1, 28-12, 29-8 or 20-12, or the mouse
mAb designated SH1.

Other features and advantages of the instant invention will
be apparent from the following detailed description and
examples which should not be construed as limiting. The
contents of all cited references, including scientific articles,
newspaper reports, GenBank entries, patents and patent
applications cited throughout this application are expressly
incorporated herein by reference.

BRIEF DESCRIPTION OF THE FIGURES

FIGS. 1A-1C. Cross-competition between 5C4 and other
HuMab anti-PD-1 mAbs for binding to human PD-1 (bPD-
1) expressed on CHO cells. A, the 5C4 Fab fragment
substantially blocked the binding of mAbs 5C4 itself, as well
as the binding of 2D3 and 7D3; B, the 5C4 Fab fragment
substantially blocked the binding of mAb 4H1; C, the 5C4
mAb substantially blocked the binding of mAb 17DS.

FIGS. 2A-2F. Cross-competition of FITC-conjugated
human anti-hPD-L1 mAbs for binding to human PDF-L1
(hPD-L1) expressed on CHO cells. A, Binding of labeled
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10H10 was partially blocked by 10AS5, 11E6 and 13G4 and
was significantly blocked by itself; B, Binding of labeled
3G10 was significantly blocked by each of the tested anti-
PD-L1 Abs except 10H10; C, Binding of labeled 10A5 was
significantly blocked by each of the tested anti-PD-L.1 Abs
except 10H10; D, Binding of labeled 11E6 was significantly
blocked by each of the tested anti-PD-L.1 Abs except 10H10;
and E, Binding of labeled 12A4 was significantly blocked by
each of the tested anti-PD-L1 Abs except 10H10; and F,
Binding of labeled 13G4 was significantly blocked by each
of the tested anti-PD-L.1 Abs except 10H10.

FIG. 3. Cross-competitive inhibition of binding of bioti-
nylated mAb 12A4 to ES-2 cells by human anti-hPD-L1
mAbs. Fluorescence of bound biotin-12A4 is plotted against
the concentration of unlabeled hPD-L1 HuMabs.

FIG. 4. Spider plot showing activity of anti-PD-1 mAb in
patients with treatment-refractory melanoma (MEL). A rep-
resentative plot of changes in tumor burden over time
demonstrates the time course of change in the sum of the
longest diameters of target lesions, compared with baseline,
in 27 MEL patients treated with 5C4 at a dose of 1.0 mg/kg.
In the majority of patients who achieved an objective
response (OR), responses were durable and evident by the
end of cycle 3 (6 months) of treatment (vertical dashed line).
Tumor regressions followed conventional as well as
“immune-related” patterns of response, such as prolonged
reduction in tumor burden in the presence of new lesions.

FIG. 5. Activity of anti-PD-1 mAb in patient with meta-
static RCC. Partial regression of metastatic RCC in a
57-year-old patient treated with 5C4 at 1 mg/kg is illus-
trated. This patient had previously undergone radical surgery
and had developed progressive disease after receiving suni-
tinib, temsirolimus, sorafenib, and pazopanib. Arrows show
regression of recurrent tumor in the operative field.

FIG. 6. Activity of anti-PD-1 mAb in patient with meta-
static MEL. A complete response of metastatic MEL is
illustrated in a 62-year-old patient treated with 5C4 at 3
mg/kg, associated with vitiligo. (i) Pretreatment CT scan,
inguinal lymph node metastasis (arrow); (ii) after 13 months
of treatment. Numerous metastases in the subcutaneous
tissue and retroperitoneum also regressed completely (not
shown). Vitiligo developed after 6 months of treatment;
photos taken at 9 months under visible light (iii) and
ultraviolet light (iv). Skin biopsies with immunohistochem-
istry for microphthalmia-associated transcription factor
(MITF) show melanocytes (arrows) at the epidermal-dermal
junction in normal skin (v), and scarce (vi) or absent (vii)
melanocytes in skin partially or fully affected by vitiligo.

FIG. 7. Activity of anti-PD-1 mAb in patient with meta-
static NSCLC. A partial response is illustrated in a patient
with metastatic NSCLC (nonsquamous histology) treated
with 5C4 at 10 mg/kg. Arrows show initial progression in
pulmonary lesions followed by regression (“immune-re-
lated” pattern of response).

FIGS. 8A and 8B. Correlation between tumor PD-L1
expression and anti-PD-1 clinical response. Pretreatment
tumor cell surface expression of PD-L1, as determined by
IHC on formalin-fixed paraffin-embedded specimens, cor-
relates with OR to PD-1 blockade. Forty-two subjects with
advanced cancers including melanoma, non-small cell lung
cancer, colorectal cancer, renal cell cancer, and castration-
resistant prostate cancer (n=18, 10, 7, 5, and 2, respectively)
were studied. A, There was a significant correlation of tumor
cell surface PD-L1 expression with objective clinical
response. No patients with PD-L1 negative tumors experi-
enced an OR. B, Examples of ITHC analysis with the anti-
PD-L1 mAb SH1 are shown in a melanoma lymph node
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metastasis (top), a renal cell cancer nephrectomy specimen
(middle), and a lung adenocarcinoma brain metastasis (bot-
tom). All 400x original magnification. Arrows indicate one
of many tumor cells in each specimen with surface mem-
brane staining for PD-L1. Asterisk indicates a normal glom-
erulus in the nephrectomy specimen, which is negative for
PD-L1 staining.

FIG. 9. Graphical comparison of the binding of mAbs
28-8 and SHI1 to PD-L1 antigen in tumor tissues by his-
toscore analysis. The rabbit mAb 28-8 showed higher his-
toscores in 7 out of 10 samples tested.

FIGS. 10A-10D. Spider plot showing activity of anti-PD-
L1 mAb in patients with treatment-refractory MEL and
NSCLC. Representative plots demonstrate the time course
of target lesion tumor burden over time in patients with MEL
treated with BMS-936559 at doses of 1 (A), 3 (B), 10 mg/kg
(C) and in patients with NSCLC treated at 10 mg/kg (D). In
the majority of patients who achieved ORs, responses were
durable and were evident by the end of cycle 2 (3 months)
of treatment, irrespective of dose or tumor type. Tumor
regressions followed conventional as well as “immune-
related” patterns of response.

FIG. 11. Complete response in a patient with melanoma
treated with BMS-936559 at 3 mg/kg. Circles indicate an
initial increase in the size of pulmonary nodules at 6 weeks
and 3 months followed by complete regression at 10 months

“immune-related” pattern of response).

FIG. 12. Complete response in a patient with melanoma
treated with BMS-936559 at 1 mg/kg. This patient devel-
oped an isolated brain metastasis 3 months after initiation of
treatment that was successfully treated with stereotactic
radiosurgery. A partial response in abdominal disease
(circled) was noted at 8 months, with no evidence of disease
at 15 months.

FIG. 13. Partial response in a patient with NSCLC (non-
squamous histology) treated with BMS-936559 at 10 mg/kg.
Note the response in disease in right lung pleura and liver.

FIGS. 14A and 14B. Clinical activity of MEL patients
who received a concurrent regimen of nivolumab and ipili-
mumab. A, Representative spider plots show changes from
baseline in the tumor burden, measured as the sum of
products of perpendicular diameters of all target lesions, in
patients who received the concurrent regimen of 1 mg/kg
nivolumab+3 mg/kg ipilimumab, the MTD. Triangles indi-
cate the first occurrence of a new lesion. B, A representative
waterfall plot shows maximum percentage response in base-
line target lesions in patients who received the concurrent
regimen.

FIG. 15. Tumor regressions of a 52-year old MEL patient
who received a concurrent regimen of 1 mg/kg nivolumab+3
mg/kg ipilimumab. This patient presented with extensive
neck, mediastinal, axillary, abdominal and pelvic lymphade-
nopathy, bilateral pulmonary nodules, small bowel metas-
tasis, peritoneal implants and diffuse subcutaneous nodules.
Baseline lactate dehydrogenase (LDH) was 2.25x upper
limit of normal, hemoglobin was 9.7 g/dL, and symptoms
included nausea and vomiting. Within 4 weeks of treatment
the LDH normalized, symptoms improved (appetite
increased, nausea decreased), and cutaneous lesions were
regressing. At week-12 scans, there was marked reduction in
all areas of disease. Arrows denote location of metastatic
disease.

FIGS. 16A-16C. Clinical activity of MEL patients who
received various concurrent regimens of nivolumab and
ipilimumab. Representative spider plots show changes from
baseline in the tumor burden, measured as the sum of
products of perpendicular diameters of all target lesions, in
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patients who received a concurrent regimen of 0.3 mg/kg
nivolumab+3 mg/kg ipilimumab (A), 3 mg/kg nivolumab+1
mg/kg ipilimumab (B), or 3 mg/kg nivolumab+3 mg/kg
ipilimumab (C). Triangles indicate the first occurrence of a
new lesion.

FIG. 17. Tumor regressions of a 61-year old MEL patient
who received a concurrent regimen of 0.3 mgkg
nivolumab+3 mg/kg ipilimumab. The patient presented with
stage IV (M1c) MEL of an unknown primary site, metastatic
to the stomach and the mesentery. Lactate dehydrogenase
was 225 and hemoglobin was 9.6 g/dl. after a recent
transfusion. Twelve weeks after the initiation of study treat-
ment, a CT scan showed an 86% reduction in the bulky
disease burden.

FIGS. 18A-18C. Clinical activity of MEL patients who
received a sequenced regimen of nivolumab and ipilim-
umab. Representative spider plots show changes from base-
line in the tumor burden, measured as the sum of products
of perpendicular diameters of all target lesions, in patients
who received a sequenced regimen of 1 mg/kg nivolumab
(A) or 3 mg/kg nivolumab (B) after prior ipilimumab
therapy. Triangles indicate the first occurrence of a new
lesion. C, A representative waterfall plot shows maximum
percentage response in baseline target lesions in patients
who received a sequenced regimen; “*” denotes patients
who had radiographic progression with prior ipilimumab
treatment.

DETAILED DESCRIPTION OF THE
INVENTION

The present invention relates to methods for immuno-
therapy of a subject afflicted with diseases such as cancer or
an infectious disease, which methods comprise administer-
ing to the subject a composition comprising a therapeutically
effective amount of a compound or agent that potentiates an
endogenous immune response, either stimulating the acti-
vation of the endogenous response or inhibiting the sup-
pression of the endogenous response. More specifically, this
disclosure provides methods for potentiating an endogenous
immune response in a subject afflicted with cancer so as to
thereby treat the patient, which method comprises adminis-
tering to the subject a therapeutically effective amount of an
agent, such as an Ab or an antigen-binding portion thereof,
that disrupts or inhibits signaling from an inhibitory immu-
noregulator. In certain embodiments, the inhibitory immu-
noregulator is a component of the PD-1/PD-L1 signaling
pathway. Accordingly, certain embodiments of the invention
provide methods for immunotherapy of a subject afflicted
with cancer, which methods comprise administering to the
subject a therapeutically effective amount of an Ab or an
antigen-binding portion thereof that disrupts the interaction
between the PD-1 receptor and its ligand, PD-L1. In certain
preferred embodiments, the Ab or antigen-binding portion
thereof binds specifically to PD-1. In other preferred
embodiments, the Ab or antigen-binding portion thereof
binds specifically to PD-L1. Certain embodiments comprise
the use of an anti-PD-1 Ab is in combination with another
anti-cancer agent, preferably an anti-CTLA-4 Ab, to treat
cancer. In certain other embodiments, the subject is selected
as suitable for immunotherapy in a method comprising
measuring the surface expression of PD-L.1 in a test tissue
sample obtained from a patient with cancer of the tissue, for
example, determining the proportion of cells in the test
tissue sample that express PD-L1 on the cell surface, and
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selecting the patient for immunotherapy based on an assess-
ment that PD-L1 is expressed on the surface of cells in the
test tissue sample.

TERMS

In order that the present disclosure may be more readily
understood, certain terms are first defined. As used in this
application, except as otherwise expressly provided herein,
each of the following terms shall have the meaning set forth
below. Additional definitions are set forth throughout the
application.

“Administering” refers to the physical introduction of a
composition comprising a therapeutic agent to a subject,
using any of the various methods and delivery systems
known to those skilled in the art. Preferred routes of admin-
istration for Abs of the invention include intravenous, intra-
muscular, subcutaneous, intraperitoneal, spinal or other par-
enteral routes of administration, for example by injection or
infusion. The phrase “parenteral administration” as used
herein means modes of administration other than enteral and
topical administration, usually by injection, and includes,
without limitation, intravenous, intramuscular, intraarterial,
intrathecal, intralymphatic, intralesional, intracapsular,
intraorbital, intracardiac, intradermal, intraperitoneal, tran-
stracheal, subcutaneous, subcuticular, intraarticular, subcap-
sular, subarachnoid, intraspinal, epidural and intrasternal
injection and infusion, as well as in vivo electroporation.
Alternatively, an Ab of the invention can be administered via
a non-parenteral route, such as a topical, epidermal or
mucosal route of administration, for example, intranasally,
orally, vaginally, rectally, sublingually or topically. Admin-
istering can also be performed, for example, once, a plurality
of times, and/or over one or more extended periods.

An “adverse event” (AE) as used herein is any unfavor-
able and generally unintended or undesirable sign (including
an abnormal laboratory finding), symptom, or disease asso-
ciated with the use of a medical treatment. For example, an
adverse event may be associated with activation of the
immune system or expansion of immune system cells (e.g.,
T cells) in response to a treatment. A medical treatment may
have one or more associated AEs and each AE may have the
same or different level of severity. Reference to methods
capable of “altering adverse events” means a treatment
regime that decreases the incidence and/or severity of one or
more AEs associated with the use of a different treatment
regime.

An “antibody” (Ab) shall include, without limitation, a
glycoprotein immunoglobulin which binds specifically to an
antigen and comprises at least two heavy (H) chains and two
light (L) chains interconnected by disulfide bonds, or an
antigen-binding portion thereof. Each H chain comprises a
heavy chain variable region (abbreviated herein as V) and
a heavy chain constant region. The heavy chain constant
region comprises three constant domains, C;,, Cpy, and Cyys.
Each light chain comprises a light chain variable region
(abbreviated herein as V) and a light chain constant region.
The light chain constant region is comprises one constant
domain, C;. The V, and V, regions can be further subdi-
vided into regions of hypervariability, termed complemen-
tarity determining regions (CDRs), interspersed with regions
that are more conserved, termed framework regions (FR).
Each V, and V, comprises three CDRs and four FRs,
arranged from amino-terminus to carboxy-terminus in the
following order: FR1, CDR1, FR2, CDR2, FR3, CDR3,
FR4. The variable regions of the heavy and light chains
contain a binding domain that interacts with an antigen. The
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constant regions of the Abs may mediate the binding of the
immunoglobulin to host tissues or factors, including various
cells of the immune system (e.g., effector cells) and the first
component (C1q) of the classical complement system.

Antibodies typically bind specifically to their cognate
antigen with high affinity, reflected by a dissociation con-
stant (K,,) of 107 to 107'* M~! or less. Any K, greater than
about 10~ M~! is generally considered to indicate nonspe-
cific binding. As used herein, an Ab that “binds specifically”
to an antigen refers to an Ab that binds to the antigen and
substantially identical antigens with high affinity, which
means having a K, of 10~7 M or less, preferably 10~ M or
less, even more preferably 5x10™° M or less, and most
preferably between 10~ M and 107'° M or less, but does not
bind with high affinity to unrelated antigens. An antigen is
“substantially identical” to a given antigen if it exhibits a
high degree of sequence identity to the given antigen, for
example, if it exhibits at least 80%, at least 90%, preferably
at least 95%, more preferably at least 97%, or even more
preferably at least 99% sequence identity to the sequence of
the given antigen. By way of example, an Ab that binds
specifically to human PD-1 may also have cross-reactivity
with PD-1 antigens from certain primate species but may not
cross-react with PD-1 antigens from certain rodent species
or with an antigen other than PD-1, e.g., a human PD-L1
antigen.

An immunoglobulin may derive from any of the com-
monly known isotypes, including but not limited to IgA,
secretory IgA, IgG and IgM. IgG subclasses are also well
known to those in the art and include but are not limited to
human IgG1, IgG2, 1gG3 and IgG4. “Isotype” refers to the
Ab class or subclass (e.g., IgM or IgG1) that is encoded by
the heavy chain constant region genes. The term “antibody”
includes, by way of example, both naturally occurring and
non-naturally occurring Abs; monoclonal and polyclonal
Abs; chimeric and humanized Abs; human or nonhuman
Abs; wholly synthetic Abs; and single chain Abs. A nonhu-
man Ab may be humanized by recombinant methods to
reduce its immunogenicity in man. Where not expressly
stated, and unless the context indicates otherwise, the term
“antibody” also includes an antigen-binding fragment or an
antigen-binding portion of any of the aforementioned immu-
noglobulins, and includes a monovalent and a divalent
fragment or portion, and a single chain Ab.

An “isolated antibody” refers to an Ab that is substantially
free of other Abs having different antigenic specificities
(e.g., an isolated Ab that binds specifically to PD-1 is
substantially free of Abs that bind specifically to antigens
other than PD-1). An isolated Ab that binds specifically to
PD-1 may, however, have cross-reactivity to other antigens,
such as PD-1 molecules from different species. Moreover, an
isolated Ab may be substantially free of other cellular
material and/or chemicals. By comparison, an “isolated”
nucleic acid refers to a nucleic acid composition of matter
that is markedly different, i.e., has a distinctive chemical
identity, nature and utility, from nucleic acids as they exist
in nature. For example, an isolated DNA, unlike native
DNA, is a free-standing portion of a native DNA and not an
integral part of a larger structural complex, the chromosome,
found in nature. Further, an isolated DNA, unlike native
genomic DNA, can typically be used in applications or
methods for which native genomic DNA is unsuited, e.g., as
a PCR primer or a hybridization probe for, among other
things, measuring gene expression and detecting biomarker
genes or mutations for diagnosing disease or assessing the
efficacy of a therapeutic. An isolated nucleic acid may be
purified so as to be substantially free of other cellular
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components or other contaminants, e.g., other cellular
nucleic acids or proteins, using standard techniques well
known in the art. Examples of isolated nucleic acids include
fragments of genomic DNA, PCR-amplified DNA, cDNA
and RNA.

The term “monoclonal antibody” (“mAb”) refers to a
preparation of Ab molecules of single molecular composi-
tion, i.e., Ab molecules whose primary sequences are essen-
tially identical, and which exhibits a single binding speci-
ficity and affinity for a particular epitope. A mAb is an
example of an isolated Ab. MAbs may be produced by
hybridoma, recombinant, transgenic or other techniques
known to those skilled in the art.

A “human” antibody (HuMADb) refers to an Ab having
variable regions in which both the framework and CDR
regions are derived from human germline immunoglobulin
sequences. Furthermore, if the Ab contains a constant
region, the constant region also is derived from human
germline immunoglobulin sequences. The human Abs of the
invention may include amino acid residues not encoded by
human germline immunoglobulin sequences (e.g., mutations
introduced by random or site-specific mutagenesis in vitro or
by somatic mutation in vivo). However, the term “human
antibody,” as used herein, is not intended to include Abs in
which CDR sequences derived from the germline of another
mammalian species, such as a mouse, have been grafted
onto human framework sequences. The terms “human” Abs
and “fully human” Abs and are used synonymously.

A “humanized” antibody refers to an Ab in which some,
most or all of the amino acids outside the CDR domains of
a non-human Ab are replaced with corresponding amino
acids derived from human immunoglobulins. In one
embodiment of a humanized form of an Ab, some, most or
all of the amino acids outside the CDR domains have been
replaced with amino acids from human immunoglobulins,
whereas some, most or all amino acids within one or more
CDR regions are unchanged. Small additions, deletions,
insertions, substitutions or modifications of amino acids are
permissible as long as they do not abrogate the ability of the
Ab to bind to a particular antigen. A “humanized” Ab retains
an antigenic specificity similar to that of the original Ab.

A “chimeric antibody” refers to an Ab in which the
variable regions are derived from one species and the
constant regions are derived from another species, such as an
Ab in which the variable regions are derived from a mouse
Ab and the constant regions are derived from a human Ab.

An “antigen-binding portion” of an Ab (also called an
“antigen-binding fragment”) refers to one or more fragments
of an Ab that retain the ability to bind specifically to the
antigen bound by the whole Ab.

A “cancer” refers a broad group of various diseases
characterized by the uncontrolled growth of abnormal cells
in the body. Unregulated cell division and growth divide and
grow results in the formation of malignant tumors that
invade neighboring tissues and may also metastasize to
distant parts of the body through the lymphatic system or
bloodstream.

An “immune response” refers to the action of a cell of the
immune system (for example, T lymphocytes, B lympho-
cytes, natural killer (NK) cells, macrophages, eosinophils,
mast cells, dendritic cells and neutrophils) and soluble
macromolecules produced by any of these cells or the liver
(including Abs, cytokines, and complement) that results in
selective targeting, binding to, damage to, destruction of,
and/or elimination from a vertebrate’s body of invading
pathogens, cells or tissues infected with pathogens, cancer-
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ous or other abnormal cells, or, in cases of autoimmunity or
pathological inflammation, normal human cells or tissues.

An “immunoregulator” refers to a substance, an agent, a
signaling pathway or a component thereof that regulates an
immune response. “Regulating,” “modifying” or “modulat-
ing” an immune response refers to any alteration in a cell of
the immune system or in the activity of such cell. Such
regulation includes stimulation or suppression of the
immune system which may be manifested by an increase or
decrease in the number of various cell types, an increase or
decrease in the activity of these cells, or any other changes
which can occur within the immune system. Both inhibitory
and stimulatory immunoregulators have been identified,
some of which may have enhanced function in the cancer
microenvironment.

The term “immunotherapy” refers to the treatment of a
subject afflicted with, or at risk of contracting or suffering a
recurrence of, a disease by a method comprising inducing,
enhancing, suppressing or otherwise modifying an immune
response. “Treatment” or “therapy” of a subject refers to any
type of intervention or process performed on, or the admin-
istration of an active agent to, the subject with the objective
of reversing, alleviating, ameliorating, inhibiting, slowing
down or preventing the onset, progression, development,
severity or recurrence of a symptom, complication, condi-
tion or biochemical indicia associated with a disease.

“Potentiating an endogenous immune response” means
increasing the effectiveness or potency of an existing
immune response in a subject. This increase in effectiveness
and potency may be achieved, for example, by overcoming
mechanisms that suppress the endogenous host immune
response or by stimulating mechanisms that enhance the
endogenous host immune response.

A “predetermined threshold value,” relating to cell sur-
face PD-L1 expression, refers to the proportion of cells in a
test tissue sample comprising tumor cells and tumor-infil-
trating inflammatory cells above which the sample is scored
as being positive for cell surface PD-L1 expression. For cell
surface expression assayed by IHC with the mAb 28-8, the
predetermined threshold value for cells expressing PD-L1
on the cell surface ranges from at least about 0.01% to at
least about 20% of the total number of cells. In preferred
embodiments, the predetermined threshold value for cells
expressing PD-L1 on the cell surface ranges from at least
about 0.1% to at least about 10% of the total number of cells.
More preferably, the predetermined threshold value is at
least about 5%. Even more preferably, the predetermined
threshold value is at least about 1%, or in the range of 1-5%.

The “Programmed Death-1 (PD-1)” receptor refers to an
immunoinhibitory receptor belonging to the CD28 family.
PD-1 is expressed predominantly on previously activated T
cells in vivo, and binds to two ligands, PD-L.1 and PD-L2.
The term “PD-1” as used herein includes human PD-1
(hPD-1), variants, isoforms, and species homologs of hPD-
1, and analogs having at least one common epitope with
hPD-1. The complete hPD-1 sequence can be found under
GenBank Accession No. U64863.

“Programmed Death Ligand-1 (PD-L1)” is one of two cell
surface glycoprotein ligands for PD-1 (the other being
PD-L2) that downregulate T cell activation and cytokine
secretion upon binding to PD-1. The term “PD-L.1” as used
herein includes human PD-L.1 (hPD-L1), variants, isoforms,
and species homologs of hPD-L.1, and analogs having at
least one common epitope with hPD-L1. The complete
hPD-L1 sequence can be found under GenBank Accession
No. QINZQ7.
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A “signal transduction pathway” or “signaling pathway”
refers to the biochemical relationship between a variety of
signal transduction molecules that play a role in the trans-
mission of a signal from one portion of a cell to another
portion of the cell. A “cell surface receptor” includes, for
example, molecules and complexes of molecules that are
located on the surface of a cell and are capable of receiving
a signal and transmitting such a signal across the plasma
membrane of a cell. An example of a cell surface receptor of
the present invention is the PD-1 receptor, which is located
on the surface of activated T cells, activated B cells and
myeloid cells, and transmits a signal that results in a
decrease in tumor-infiltrating lymphocytes and a decrease in
T cell proliferation. An “inhibitor” of signaling refers to a
compound or agent that antagonizes or reduces the initia-
tion, reception or transmission of a signal, be that signal
stimulatory or inhibitory, by any component of a signaling
pathway such as a receptor or its ligand.

A “subject” includes any human or nonhuman animal.
The term “nonhuman animal” includes, but is not limited to,
vertebrates such as nonhuman primates, sheep, dogs, cats,
rabbits and ferrets, rodents such as mice, rats and guinea
pigs, avian species such as chickens, amphibians, and rep-
tiles. In preferred embodiments, the subject is a mammal
such as a nonhuman primate, sheep, dog, cat, rabbit, ferret
or rodent. In more preferred embodiments, the subject is a
human. The terms, “subject,” “patient” and “individual” are
used interchangeably herein.

A “therapeutically effective amount” or “therapeutically
effective dosage” of a drug or therapeutic agent, such as an
Ab of the invention, is any amount of the drug that, when
used alone or in combination with another therapeutic agent,
protects a subject against the onset of a disease or promotes
disease regression evidenced by a decrease in severity of
disease symptoms, an increase in frequency and duration of
disease symptom-free periods, or a prevention of impair-
ment or disability due to the disease affliction. The ability of
a therapeutic agent to promote disease regression can be
evaluated using a variety of methods known to the skilled
practitioner, such as in human subjects during clinical trials,
in animal model systems predictive of efficacy in humans, or
by assaying the activity of the agent in in vitro assays.

By way of example, an anti-cancer agent promotes cancer
regression in a subject. In preferred embodiments, a thera-
peutically effective amount of the drug promotes cancer
regression to the point of eliminating the cancer. “Promoting
cancer regression” means that administering an effective
amount of the drug, alone or in combination with an
anti-neoplastic agent, results in a reduction in tumor growth
or size, necrosis of the tumor, a decrease in severity of at
least one disease symptom, an increase in frequency and
duration of disease symptom-free periods, or a prevention of
impairment or disability due to the disease affliction. In
addition, the terms “effective” and “effectiveness” with
regard to a treatment includes both pharmacological effec-
tiveness and physiological safety. Pharmacological effec-
tiveness refers to the ability of the drug to promote cancer
regression in the patient. Physiological safety refers to the
level of toxicity, or other adverse physiological effects at the
cellular, organ and/or organism level (adverse effects) result-
ing from administration of the drug.

By way of example for the treatment of tumors, a thera-
peutically effective amount of the drug preferably inhibits
cell growth or tumor growth by at least about 20%, more
preferably by at least about 40%, even more preferably by
at least about 60%, and still more preferably by at least about
80% relative to untreated subjects. In other preferred
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embodiments of the invention, tumor regression may be
observed and continue for a period of at least about 20 days,
more preferably at least about 40 days, or even more
preferably at least about 60 days. Notwithstanding these
ultimate measurements of therapeutic effectiveness, evalu-
ation of immunotherapeutic drugs must also make allowance
for “immune-related” response patterns.

An “immune-related” response pattern refers to a clinical
response pattern often observed in cancer patients treated
with immunotherapeutic agents that produce antitumor
effects by inducing cancer-specific immune responses or by
modifying native immune processes. This response pattern
is characterized by a beneficial therapeutic effect that fol-
lows an initial increase in tumor burden or the appearance of
new lesions, which in the evaluation of traditional chemo-
therapeutic agents would be classified as disease progression
and would be synonymous with drug failure. Accordingly,
proper evaluation of immunotherapeutic agents may require
long-term monitoring of the effects of these agents on the
target disease.

A therapeutically effective amount of a drug includes a
“prophylactically effective amount,” which is any amount of
the drug that, when administered alone or in combination
with an anti-neoplastic agent to a subject at risk of devel-
oping a cancer (e.g., a subject having a pre-malignant
condition) or of suffering a recurrence of cancer, inhibits the
development or recurrence of the cancer. In preferred
embodiments, the prophylactically effective amount pre-
vents the development or recurrence of the cancer entirely.
“Inhibiting” the development or recurrence of a cancer
means either lessening the likelihood of the cancer’s devel-
opment or recurrence, or preventing the development or
recurrence of the cancer entirely.

A “tumor-infiltrating inflammatory cell” is any type of
cell that typically participates in an inflammatory response
in a subject and which infiltrates tumor tissue. Such cells
include tumor-infiltrating lymphocytes (TILs), macro-
phages, monocytes, eosinophils, histiocytes and dendritic
cells.

The use of the alternative (e.g., “or”) should be under-
stood to mean either one, both, or any combination thereof
of the alternatives. As used herein, the indefinite articles “a”
or “an” should be understood to refer to “one or more” of
any recited or enumerated component.

The terms “about” or “comprising essentially of” refer to
a value or composition that is within an acceptable error
range for the particular value or composition as determined
by one of ordinary skill in the art, which will depend in part
on how the value or composition is measured or determined,
ie., the limitations of the measurement system. For
example, “about” or “comprising essentially of” can mean
within 1 or more than 1 standard deviation per the practice
in the art. Alternatively, “about” or “comprising essentially
of” can mean a range of up to 20%. Furthermore, particu-
larly with respect to biological systems or processes, the
terms can mean up to an order of magnitude or up to 5-fold
of a value. When particular values or compositions are
provided in the application and claims, unless otherwise
stated, the meaning of “about” or “comprising essentially
of” should be assumed to be within an acceptable error range
for that particular value or composition.

As described herein, any concentration range, percentage
range, ratio range or integer range is to be understood to
include the value of any integer within the recited range and,
when appropriate, fractions thereof (such as one tenth and
one hundredth of an integer), unless otherwise indicated.
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Various aspects of the invention are described in further
detail in the following subsections.
Antibodies of the Invention

Abs of the present invention include a variety of Abs
having structural and functional properties described herein,
including high-affinity binding to PD-1 or PD-L1, respec-
tively. These Abs may be used, for example, as therapeutic
Abs to treat subjects afflicted with disease or as reagents in
diagnostic assays to detect their cognate antigens. Human
mAbs (HuMADbs) that bind specifically to PD-1 (e.g., bind to
human PD-1 and may cross-react with PD-1 from other
species, such as cynomolgus monkey) with high affinity
have been disclosed in U.S. Pat. No. 8,008,449, and HuM-
Abs that bind specifically to PD-L.1 with high affinity have
been disclosed in U.S. Pat. No. 7,943,743. The Abs of the
invention include, but are not limited to, all of the anti-PD-1
and anti-PD-L1 Abs disclosed in U.S. Pat. Nos. 8,008,449
and 7,943,743, respectively. Other anti-PD-1 mAbs have
been described in, for example, U.S. Pat. Nos. 6,808,710,
7,488,802 and 8,168,757, and PCT Publication No. WO
2012/145493, and anti-PD-L1 mAbs have been described in,
for example, U.S. Pat. Nos. 7,635,757 and 8,217,149, U.S.
Publication No. 2009/0317368, and PCT Publication Nos.
WO 2011/066389 and WO 2012/145493. To the extent these
anti-PD-1 and anti-PD-L1 mAbs exhibit the structural and
functional properties disclosed herein for antibodies of the
invention, they too are included as antibodies of the inven-
tion.

Anti-PD-1 Antibodies of the Invention

Each of the anti-PD-1 HuMAbs disclosed in U.S. Pat. No.
8,008,449 has been demonstrated to exhibit one or more of
the following characteristics: (a) binds to human PD-1 with
aK,, of 1x10~7 M or less, as determined by surface plasmon
resonance using a Biacore biosensor system; (b) does not
substantially bind to human CD28, CTLA-4 or ICOS; (¢)
increases T-cell proliferation in a Mixed Lymphocyte Reac-
tion (MLR) assay; (d) increases interferon-y production in an
MLR assay; (e) increases IL.-2 secretion in an MLR assay;
(f) binds to human PD-1 and cynomolgus monkey PD-1; (g)
inhibits the binding of PD-L1 and/or PD-L2 to PD-1; (h)
stimulates antigen-specific memory responses; (i) stimulates
Ab responses; and (j) inhibits tumor cell growth in vivo.
Anti-PD-1 Abs of the present invention include mAbs that
bind specifically to human PD-1 and exhibit at least one,
preferably at least five, of the preceding characteristics.

U.S. Pat. No. 8,008,449 exemplifies seven anti-PD-1
HuMAbs: 17D8, 2D3, 4H1, 5C4 (also referred to herein as
nivolumab or BMS-936558), 4A11, 7D3 and 5F4. Isolated
DNA molecules encoding the heavy and light chain variable
regions of these Abs have been sequenced, from which the
amino acid sequences of the variable regions were deduced.
The V,; amino acid sequences of 17D8, 2D3, 4H1, 5C4,
4A11, 7D3 and 5F4 are provided herein as SEQ ID NOs. 1,
2,3,4,5,6and 7, respectively. The V,; amino acid sequences
of 17D8, 2D3, 4H1, 5C4, 4A11, 7D3 and 5F4 are provided
herein as SEQ ID NOs. 8, 9, 10, 11, 12, 13 and 14,
respectively.

Preferred anti-PD-1 Abs of the present invention include
the anti-PD-1 HuMAbs 17D8, 2D3, 4H1, 5C4, 4Al11, 7D3
and 5F4. These preferred Abs bind specifically to human
PD-1 and comprise: (a) a human heavy chain variable region
comprising consecutively linked amino acids having the
sequence set forth in SEQ ID NO: 1 and a human light chain
variable region comprising consecutively linked amino
acids having the sequence set forth in SEQ ID NO: 8; (b) a
human heavy chain variable region comprising consecu-
tively linked amino acids having the sequence set forth in
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SEQ ID NO: 2 and a human light chain variable region
comprising consecutively linked amino acids having the
sequence set forth in SEQ ID NO: 9; (c¢) a human heavy
chain variable region comprising consecutively linked
amino acids having the sequence set forth in SEQ ID NO: 3
and a human light chain variable region comprising con-
secutively linked amino acids having the sequence set forth
in SEQ ID NO: 10; (d) a human heavy chain variable region
comprising consecutively linked amino acids having the
sequence set forth in SEQ ID NO: 4 and a human light chain
variable region comprising consecutively linked amino
acids having the sequence set forth in SEQ ID NO: 11; (e)
a human heavy chain variable region comprising consecu-
tively linked amino acids having the sequence set forth in
SEQ ID NO: 5 and a human light chain variable region
comprising consecutively linked amino acids having the
sequence set forth in SEQ ID NO: 12; (f) a human heavy
chain variable region comprising consecutively linked
amino acids having the sequence set forth in SEQ ID NO: 6
and a human light chain variable region comprising con-
secutively linked amino acids having the sequence set forth
in SEQ ID NO: 13; or (g) a human heavy chain variable
region comprising consecutively linked amino acids having
the sequence set forth in SEQ ID NO: 7 and a human light
chain variable region comprising consecutively linked
amino acids having the sequence set forth in SEQ ID NO:
14.

Given that each of these Abs can bind to PD-1, the V, and
V, sequences can be “mixed and matched” to create other
anti-PD-1 Abs of the invention. PD-1 binding of such
“mixed and matched” Abs can be tested using binding
assays, e.g., enzyme-linked immunosorbent assays (ELI-
SAs), western blots, radioimmunoassays and Biacore analy-
sis that are well known in the art (see, e.g., U.S. Pat. No.
8,008,449). Preferably, when V,, and V, chains are mixed
and matched, a V, sequence from a particular V,,/V; pairing
is replaced with a structurally similar V, sequence. Like-
wise, preferably a V, sequence from a particular V,/V,
pairing is replaced with a structurally similar V, sequence.
Accordingly, anti-PD-1 Abs of the invention include an
isolated mAb or antigen-binding portion thereof comprising:
(a) a heavy chain variable region comprising an amino acid
sequence selected from the group consisting of SEQ ID
NOs. 1, 2, 3,4, 5, 6 and 7, and (b) a light chain variable
region comprising an amino acid sequence selected from the
group consisting of SEQ ID NOs. 8, 9, 10, 11, 12, 13 and 14,
wherein the Ab specifically binds PD-1, preferably human
PD-1.

The CDR domains of the above Abs have been delineated
using the Kabat system, and these Abs may also be defined
by combinations of their 3 heavy chain and 3 light chain
CDRs (see U.S. Pat. No. 8,008,449). Since each of these Abs
can bind to PD-1 and antigen-binding specificity is provided
primarily by the CDR1, CDR2, and CDR3 regions, the V,,
CDR1, CDR2, and CDR3 sequences and V,. CDR1, CDR2,
and CDR3 sequences can be “mixed and matched” (i.e.,
CDRs from different Abs can be mixed and match, although
each Ab must contain a V,; CDR1, CDR2, and CDR3 and a
V. CDR1, CDR2, and CDR3) to create other anti-PD-1 Abs
that also constitute Abs of the invention. PD-1 binding of
such “mixed and matched” Abs can be tested using the
binding assays described above (e.g., ELISAs, western
blots, radioimmunoassays and Biacore analysis).

Abs of the invention also include isolated Abs that bind
specifically to PD-1 and comprise a heavy chain variable
region derived from a particular germline heavy chain
immunoglobulin and/or a light chain variable region derived
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from a particular germline light chain immunoglobulin.
Specifically, in certain embodiments, Abs of the invention
include isolated Abs comprising: (a) a heavy chain variable
region that comprises consecutively linked amino acids
having a sequence derived from a human V, 3-33 or 4-39
germline sequence, and/or a light chain variable region that
comprises consecutively linked amino acids having a
sequence derived from a human V, L6, or LL15 germline
sequence. The amino acid sequences of the V, and V
regions encoded by the V;3-33,V,,4-39,V L6 and V. L15
germline genes are provided in U.S. Pat. No. 8,008,449.

As used herein, an Ab can be identified as comprising a
heavy or a light chain variable region that is “derived from”
a particular human germline immunoglobulin by comparing
the amino acid sequence of the human Ab to the amino acid
sequences encoded by human germline immunoglobulin
genes, and selecting the human germline immunoglobulin
sequence that is closest in sequence (i.e., greatest percentage
of sequence identity) to the sequence of the human Ab. A
human Ab that is “derived from” a particular human germ-
line immunoglobulin may contain amino acid differences as
compared to the germline sequence, due to, for example,
naturally-occurring somatic mutations or intentional intro-
duction of site-directed mutation. However, a selected
human Ab is generally at least 90% identical in amino acids
sequence to an amino acid sequence encoded by a human
germline immunoglobulin gene and contains amino acid
residues that identify the human Ab as being human when
compared to the germline immunoglobulin amino acid
sequences of other species (e.g., murine germline
sequences). In certain cases, a human Ab may be at least
95%, or even at least 96%, 97%, 98%, or 99% identical in
amino acid sequence to the amino acid sequence encoded by
the germline immunoglobulin gene.

In certain embodiments, the sequence of a human Ab
derived from a particular human germline sequence will
display no more than 10 amino acid differences from the
amino acid sequence encoded by the human germline immu-
noglobulin gene. In other embodiments, the human Ab may
display no more than 5, or even no more than 4, 3, 2, or 1
amino acid differences from the amino acid sequence
encoded by the germline immunoglobulin gene.

Preferred Abs of the invention also include isolated Abs or
antigen-binding portions thereof comprising: (a) a heavy
chain variable region that comprises consecutively linked
amino acids having a sequence derived from a human V,,
3-33 germline sequence, and a light chain variable region
that comprises consecutively linked amino acids having a
sequence derived from a human V. L6 germline sequence;
or (b) a heavy chain variable region that comprises consecu-
tively linked amino acids having a sequence derived from a
human V,, 4-39 germline sequence, and a light chain vari-
able region that comprises consecutively linked amino acids
having a sequence derived from a human V,_L15 germline
sequence. Examples of Abs having a V,, and a V_ derived
from V 3-33 and V,_ L6 germline sequences, respectively,
include 17D8, 2D3, 4H1, 5C4, and 7D3. Examples of Abs
having V,, and V,_ regions derived from V,,4-39 and V, L 15
germline sequences, respectively, include 4A11 and SF4.

In yet other embodiments, anti-PD-1 Abs of the invention
comprise heavy and light chain variable regions having
amino acid sequences that are highly similar or homologous
to the amino acid sequences of the preferred anti-PD-1 Abs
described herein, wherein the Ab retains the functional
properties of the preferred anti-PD-1 Abs of the invention.
For example, Abs of the invention include mAbs comprising
a heavy chain variable region and a light chain variable
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region, wherein the heavy chain variable region comprises
consecutively linked amino acids having a sequence that is
at least 80% identical to an amino acid sequence selected
from the group consisting of SEQ ID NOs. 1, 2,3,4, 5, 6 and
7, and the light chain variable region comprises consecu-
tively linked amino acids having a sequence that is at least
80% identical to an amino acid sequence selected from the
group consisting of SEQ ID NOs. 8, 9, 10, 11, 12, 13 and 14.
In other embodiments, the V, and/or V, amino acid
sequences may exhibit at least 85%, 90%, 95%, 96%, 97%,
98% or 99% identity to the sequences set forth above.

As used herein, the percent sequence identity (also
referred to as the percent sequence homology) between two
sequences (amino acid or nucleotide sequences) is a function
of the number of identical positions shared by the sequences
relative to the length of the sequences compared (i.e., %
identity=number of identical positions/total number of posi-
tions being comparedx100), taking into account the number
of any gaps, and the length of each such gap, introduced to
maximize the degree of sequence identity between the two
sequences. The comparison of sequences and determination
of percent identity between two sequences can be accom-
plished using mathematical algorithms that are well know to
those of ordinary skill in the art (see, e.g., U.S. Pat. No.
8,008,449).

Antibodies having very similar amino acid sequences are
likely to have essentially the same functional properties
where the sequence differences are conservative modifica-
tions. As used herein, “conservative sequence modifica-
tions” refer to amino acid modifications that do not signifi-
cantly affect the binding characteristics of the Ab containing
the amino acid sequence. Such conservative modifications
include amino acid substitutions, additions and deletions.
Conservative amino acid substitutions are substitutions in
which the amino acid residue is replaced with an amino acid
residue having a similar side chain. Thus, for example, one
or more amino acid residues within the CDR regions of an
Ab of the invention can be replaced with other amino acid
residues from the same side chain family and the altered Ab
can be tested for retained function using functional assays
that are well known in the art. Accordingly, certain embodi-
ments of the anti-PD-1 Abs of the invention comprise heavy
and light chain variable regions each comprising CDR1,
CDR2 and CDR3 domains, wherein one or more of these
CDR domains comprise consecutively linked amino acids
having sequences that are the same as the CDR sequences of
the preferred anti-PD-1 Abs described herein (e.g., 17D8,
2D3, 4H1, 5C4, 4A11, 7D3 or 5F4), or conservative modi-
fications thereof, and wherein the Abs retain the desired
functional properties of the preferred anti-PD-1 Abs of the
invention.

Further, it is well known in the art that the heavy chain
CDR3 is the primary determinant of binding specificity and
affinity of an Ab, and that multiple Abs can predictably be
generated having the same binding characteristics based on
a common CDR3 sequence (see, e.g., Klimka et al., 2000;
Beiboer et al., 2000; Rader et al., 1998; Barbas et al., 1994;
Barbas et al., 1995; Ditzel et al., 1996; Berezov et al., 2001;
Igarashi et al., 1995; Bourgeois et al., 1998; Levi et al.,
1993; Polymenis and Stoller, 1994; and Xu and Davis,
2000). The foregoing publications demonstrate that, in gen-
eral, once the heavy chain CDR3 sequence of a given Ab is
defined, variability in the other five CDR sequences does not
greatly affect the binding specificity of that Ab. Thus, Abs of
the invention comprising 6 CDRs can be defined by speci-
fying the sequence of the heavy chain CDR3 domain.
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Anti-PD-1 Abs of the invention also include isolated Abs
that bind specifically to human PD-1 and cross-compete for
binding to human PD-1 with any of HuMAbs 17D8, 2D3,
4H1, 5C4, 4A11, 7D3 and 5F4. Thus, anti-PD-1 Abs of the
invention include isolated Abs or antigen-binding portions
thereof that cross-compete for binding to PD-1 with a
reference Ab or a reference antigen-binding portion thereof
comprising: (a) a human heavy chain variable region com-
prising consecutively linked amino acids having the
sequence set forth in SEQ ID NO: 1 and a human light chain
variable region comprising consecutively linked amino
acids having the sequence set forth in SEQ ID NO: 8; (b) a
human heavy chain variable region comprising consecu-
tively linked amino acids having the sequence set forth in
SEQ ID NO: 2 and a human light chain variable region
comprising consecutively linked amino acids having the
sequence set forth in SEQ ID NO: 9; (¢) a human heavy
chain variable region comprising consecutively linked
amino acids having the sequence set forth in SEQ ID NO: 3
and a human light chain variable region comprising con-
secutively linked amino acids having the sequence set forth
in SEQ ID NO: 10; (d) a human heavy chain variable region
comprising consecutively linked amino acids having the
sequence set forth in SEQ ID NO: 4 and a human light chain
variable region comprising consecutively linked amino
acids having the sequence set forth in SEQ ID NO: 11; (e)
a human heavy chain variable region comprising consecu-
tively linked amino acids having the sequence set forth in
SEQ ID NO: 5 and a human light chain variable region
comprising consecutively linked amino acids having the
sequence set forth in SEQ ID NO: 12; (f) a human heavy
chain variable region comprising consecutively linked
amino acids having the sequence set forth in SEQ ID NO: 6
and a human light chain variable region comprising con-
secutively linked amino acids having the sequence set forth
in SEQ ID NO: 13; or (g) a human heavy chain variable
region comprising consecutively linked amino acids having
the sequence set forth in SEQ ID NO: 7 and a human light
chain variable region comprising consecutively linked
amino acids having the sequence set forth in SEQ ID NO:
14.

The ability of Abs to cross-compete for binding to an
antigen indicates that these Abs bind to the same epitope
region (i.e., the same or an overlapping or adjacent epitope)
of the antigen and sterically hinder the binding of other
cross-competing Abs to that particular epitope region. Thus,
the ability of a test Ab to competitively inhibit the binding
of, for example, 17D8, 2D3, 4H1, 5C4, 4A11, 7D3 or 5F4,
to human PD-1 demonstrates that the test Ab binds to the
same epitope region of human PD-1 as 17D8, 2D3, 4H1,
5C4, 4A11, 7D3 or 5F4, respectively. All isolated Abs that
bind to the same epitope region of human PD-1 as does
HuMAb 17D8, 2D3, 4HI1, 5C4, 4All, 7D3 or 5F4 are
included among the Abs of the invention. These cross-
competing Abs are expected to have very similar functional
properties by virtue of their binding to the same epitope
region of PD-1. For example, cross-competing anti-PD-1
mAbs 5C4, 2D3, 7D3, 4H1 and 17D8 have been shown to
have similar functional properties (see U.S. Pat. No. 8,008,
449 at Examples 3-7). The higher the degree of cross-
competition, the more similar will the functional properties
be. Further, cross-competing Abs can be readily identified
based on their ability to cross-compete with 17D8, 2D3,
4H1, 5C4, 4A11, 7D3 or 5F4 in standard PD-1 binding
assays. For example, Biacore analysis, ELISA assays or flow
cytometry may be used to demonstrate cross-competition
with the Abs of the invention (see, e.g., Examples 1 and 2).
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In certain embodiments, the Abs that cross-compete for
binding to human PD-1 with, or bind to the same epitope
region of human PD-1 as, 17D8, 2D3, 4H1, 5C4, 4A11, 7D3
or 5F4 are mAbs. For administration to human patients,
these cross-competing Abs are preferably chimeric Abs, or
more preferably humanized or human Abs. Such human
mAbs can be prepared and isolated as described in U.S. Pat.
No. 8,008,449. Data provided in Example 1 show that 5C4
or a Fab fragment thereof cross-competes with each of 2D3,
7D3, 4H1 or 17D8 for binding to hPD-1 expressed on the
surface of a cell, indicating that all five anti-PD-1 mAbs bind
to the same epitope region of hPD-1 (FIGS. 1A-1C).

An anti-PD-1 Ab of the invention further can be prepared
using an Ab having one or more of the V, and/or V,
sequences disclosed herein as starting material to engineer a
modified Ab, which modified Ab may have altered proper-
ties from the starting Ab. An Ab can be engineered by
modifying one or more residues within one or both variable
regions (i.e., V and/or V), for example within one or more
CDR regions and/or within one or more framework regions.
Additionally or alternatively, an Ab can be engineered by
modifying residues within the constant region(s), for
example, to alter the effector function(s) of the Ab. Specific
modifications to Abs include CDR grafting, site-specific
mutation of amino acid residues within the V, and/or V.
CDR1, CDR2 and/or CDR3 regions to thereby improve one
or more binding properties (e.g., affinity) of the Ab, site-
specific mutation of amino acid residues within the V,,
and/or V, framework regions to decrease the immunoge-
nicity of the Ab, modifications within the Fc region, typi-
cally to alter one or more functional properties of the Ab,
such as serum half-life, complement fixation, Fc receptor
binding, and/or antigen-dependent cellular cytotoxicity, and
chemical modification such as pegylation or alteration in
glycosylation patterns to increase or decrease the biological
(e.g., serum) half life of the Ab. Specific examples of such
modifications and methods of engineering Abs are described
in detail in U.S. Pat. No. 8,008,449. Anti-PD-1 Abs of the
invention include all such engineered Abs that bind specifi-
cally to human PD-1 and are obtained by modification of any
of the above-described anti-PD-1 Abs.

Anti-PD-1 Abs of the invention also include antigen-
binding portions of the above Abs. It has been amply
demonstrated that the antigen-binding function of an Ab can
be performed by fragments of a full-length Ab. Examples of
binding fragments encompassed within the term “antigen-
binding portion” of an Ab include (i) a Fab fragment, a
monovalent fragment consisting of the V,, V., C; and C;,
domains; (ii) a F(ab'), fragment, a bivalent fragment com-
prising two Fab fragments linked by a disulfide bridge at the
hinge region; (iii) a Fd fragment consisting of the V,, and
C;, domains; and (iv) a Fv fragment consisting of the V,
and V,; domains of a single arm of an Ab.

These fragments, obtained initially through proteolysis
with enzymes such as papain and pepsin, have been subse-
quently engineered into monovalent and multivalent anti-
gen-binding fragments. For example, although the two
domains of the Fv fragment, V; and V, are coded for by
separate genes, they can be joined, using recombinant meth-
ods, by a synthetic linker peptide that enables them to be
made as a single protein chain in which the V, and V,,
regions pair to form monovalent molecules known as single
chain variable fragments (scFv). Divalent or bivalent scFvs
(di-scFvs or bi-scFvs) can be engineered by linking two
scFvs in within a single peptide chain known as a tandem
scFv which contains two V,, and two V, regions. ScFv
dimers and higher multimers can also be created using linker
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peptides of fewer than 10 amino acids that are too short for
the two variable regions to fold together, which forces the
scFvs to dimerize and produce diabodies or form other
multimers. Diabodies have been shown to bind to their
cognate antigen with much higher affinity than the corre-
sponding scFvs, having dissociation constants up to 40-fold
lower than the K, values for the scFvs. Very short linkers
(=3 amino acids) lead to the formation of trivalent triabodies
or tetravalent tetrabodies that exhibit even higher affinities
for to their antigens than diabodies. Other variants include
minibodies, which are scFv-C,,; dimers, and larger scFv-Fc
fragments (scFv-C,,-C,; dimers), and even an isolated
CDR may exhibit antigen-binding function. These Ab frag-
ments are engineered using conventional recombinant tech-
niques known to those of skill in the art, and the fragments
are screened for utility in the same manner as are intact Abs.
All of the above proteolytic and engineered fragments of
Abs and related variants (see Hollinger and Hudson, 2005;
Olafsen and Wu, 2010, for further details) are intended to be
encompassed within the term “antigen-binding portion” of
an Ab.

Anti-PD-L1 Antibodies of the Invention

Each of the anti-PD-L.1 HuMAbs disclosed in U.S. Pat.
No. 7,943,743 has been demonstrated to exhibit one or more
of the following characteristics (a) binds to human PD-L1
with a K, of 1x1077 M or less; (b) increases T-cell prolif-
eration in a Mixed Lymphocyte Reaction (MLR) assay; (c)
increase interferon-y production in an MLR assay; (d)
increase IL-2 secretion in an MLR assay; (e) stimulates Ab
responses; (f) inhibits the binding of PD-L1 to PD-1; and (g)
reverses the suppressive effect of T regulatory cells on T cell
effector cells and/or dendritic cells. Anti-PD-L1 Abs of the
present invention include mAbs that bind specifically to
human PD-L1 and exhibit at least one, preferably at least
four, of the preceding characteristics.

U.S. Pat. No. 7,943,743 exemplifies ten anti-PD-1 HuM-
Abs: 3G10, 12A4 (also referred to herein as BMS-936559),
10A5, 5F8, 10H10, 1B12, 7H1, 11E6, 12B7, and 13G4.
Isolated DNA molecules encoding the heavy and light chain
variable regions of these Abs have been sequenced, from
which the amino acid sequences of the variable regions were
deduced. The V,, amino acid sequences of 3G10, 12A4,
10A5, 5F8, 10H10, 1B12, 7H1, 11E6, 12B7, and 13G4 are
shown in SEQ ID NOs. 15, 16, 17, 18, 19, 20, 21, 22, 23 and
24, respectively, whereas their V,; amino acid sequences are
shown in SEQ ID NOs. 25, 26, 27, 28, 29, 30, 31, 32,33 and
34, respectively.

Preferred anti-PD-L1 Abs of the present invention include
the anti-PD-L.1 HuMAbs 3G10, 12A4, 10A5, 5F8, 10H10,
1B12, 7H1, 11E6, 12B7, and 13G4. These preferred Abs
bind specifically to human PD-L.1 and comprise: (a) a
human heavy chain variable region comprising consecu-
tively linked amino acids having the sequence set forth in
SEQ ID NO: 15 and a human light chain variable region
comprising consecutively linked amino acids having the
sequence set forth in SEQ ID NO: 25; (b) a human heavy
chain variable region comprising consecutively linked
amino acids having the sequence set forth in SEQ ID NO: 16
and a human light chain variable region comprising con-
secutively linked amino acids having the sequence set forth
in SEQ ID NO: 26; (¢) a human heavy chain variable region
comprising consecutively linked amino acids having the
sequence set forth in SEQ ID NO: 17 and a human light
chain variable region comprising consecutively linked
amino acids having the sequence set forth in SEQ ID NO:
27; (d) a human heavy chain variable region comprising
consecutively linked amino acids having the sequence set
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forth in SEQ ID NO: 18 and a human light chain variable
region comprising consecutively linked amino acids having
the sequence set forth in SEQ ID NO: 28; (e) a human heavy
chain variable region comprising consecutively linked
amino acids having the sequence set forth in SEQ ID NO: 19
and a human light chain variable region comprising con-
secutively linked amino acids having the sequence set forth
in SEQ ID NO: 29; (f) a human heavy chain variable region
comprising consecutively linked amino acids having the
sequence set forth in SEQ ID NO: 20 and a human light
chain variable region comprising consecutively linked
amino acids having the sequence set forth in SEQ ID NO:
30; (g) a human heavy chain variable region comprising
consecutively linked amino acids having the sequence set
forth in SEQ ID NO: 21 and a human light chain variable
region comprising consecutively linked amino acids having
the sequence set forth in SEQ ID NO: 31; (h) a human heavy
chain variable region comprising consecutively linked
amino acids having the sequence set forth in SEQ ID NO: 22
and a human light chain variable region comprising con-
secutively linked amino acids having the sequence set forth
in SEQ ID NO: 32; (i) a human heavy chain variable region
comprising consecutively linked amino acids having the
sequence set forth in SEQ ID NO: 23 and a human light
chain variable region comprising consecutively linked
amino acids having the sequence set forth in SEQ ID NO:
33; or (j) a human heavy chain variable region comprising
consecutively linked amino acids having the sequence set
forth in SEQ ID NO: 24 and a human light chain variable
region comprising consecutively linked amino acids having
the sequence set forth in SEQ ID NO: 34.

Given that each of these Abs can bind to PD-L1, the V
and V, sequences can be “mixed and matched” to create
other anti-PD-L1 Abs of the invention. PD-L1 binding of
such “mixed and matched” Abs can be tested using binding
assays e.g., ELISAs, western blots, radioimmunoassays and
Biacore analysis that are well known in the art (see, e.g.,
U.S. Pat. No. 7,943,743). Preferably, when V,and V, chains
are mixed and matched, a V,, sequence from a particular
VN, pairing is replaced with a structurally similar V,,
sequence. Likewise, preferably a V, sequence from a par-
ticular VN, pairing is replaced with a structurally similar
V, sequence. Accordingly, Abs of the invention also include
a mAb, or antigen binding portion thereof, comprising a
heavy chain variable region comprising consecutively
linked amino acids having the sequence set forth in any of
SEQ ID NOs. 15, 16, 17, 18, 19, 20, 21, 22, 23 or 24, and
a light chain variable region comprising consecutively
linked amino acids having the sequence set forth in any of
SEQ ID NOs. 25, 26, 27, 28, 29, 30, 31, 32, 33 or 34,
wherein the Ab binds specifically to PD-L.1, preferably
human PD-L1.

The CDR domains of the above anti-PD-L1 HuMAbs
have been delineated using the Kabat system, and these Abs
may also be defined by combinations of their 3 heavy chain
and 3 light chain CDRs (see U.S. Pat. No. 7,943,743). Since
each of these Abs can bind to PD-L.1 and antigen-binding
specificity is provided primarily by the CDR1, CDR2, and
CDR3 regions, the V,, CDR1, CDR2, and CDR3 sequences
and V,_ CDR1, CDR2, and CDR3 sequences can be “mixed
and matched” (i.e., CDRs from different Abs can be mixed
and match, although each Ab must contain a V, CDRI1,
CDR2, and CDR3 and a V,_ CDR1, CDR2, and CDR3) to
create other anti-PD-1 Abs that also constitute Abs of the
invention. PD-L1 binding of such “mixed and matched” Abs
can be tested using, for example, ELISAs, western blots,
radioimmunoassays and Biacore analysis.
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Antibodies of the invention also include Abs that bind
specifically to PD-L1 and comprise a heavy chain variable
region derived from a particular germline heavy chain
immunoglobulin and/or a light chain variable region derived
from a particular germline light chain immunoglobulin.
Specifically, in certain embodiments, Abs of the invention
include Abs comprising: (a) a heavy chain variable region
that comprises consecutively linked amino acids having a
sequence derived from a human V,, 1-18, 1-69, 1-3 or 3-9
germline sequence, and/or a light chain variable region that
comprises consecutively linked amino acids having a
sequence derived from a human VL6, 115, A27 or L18
germline sequence. The amino acid sequences of the V, and
V. regions encoded by the V, 1-18, V, 1-3, V; 1-69, V,,
3-9,V, L6,V L15 and V. A27 germline genes are provided
in U.S. Pat. No. 7,943,743.

Preferred Abs of the invention include isolated Abs or
antigen-binding portions thereof comprising: (a) a heavy
chain variable region that comprises consecutively linked
amino acids having a sequence derived from a human V
1-18 germline sequence, and a light chain variable region
that comprises consecutively linked amino acids having a
sequence derived from a human V. L6 germline sequence;
(b) a heavy chain variable region that comprises consecu-
tively linked amino acids having a sequence derived from a
human V,, 1-69 germline sequence, and a light chain vari-
able region that comprises consecutively linked amino acids
having a sequence derived from a human V,_ L6 germline
sequence; (c¢) a heavy chain variable region that comprises
consecutively linked amino acids having a sequence derived
from a human V,, 1-3 germline sequence, and a light chain
variable region that comprises consecutively linked amino
acids having a sequence derived from a human V_ L15
germline sequence; (d) a heavy chain variable region that
comprises consecutively linked amino acids having a
sequence derived from a human V,, 1-69 germline sequence,
and a light chain variable region that comprises consecu-
tively linked amino acids having a sequence derived from a
human V,. A27 germline sequence; (e) a heavy chain vari-
able region that comprises consecutively linked amino acids
having a sequence derived from a human V, 3-9 germline
sequence, and a light chain variable region that comprises
consecutively linked amino acids having a sequence derived
from a human V. L15germline sequence; or (f) a heavy
chain variable region that comprises consecutively linked
amino acids having a sequence derived from a human V,,
3-9 germline sequence, and a light chain variable region that
comprises consecutively linked amino acids having a
sequence derived from a human V. L.18germline sequence.

An example of an Ab having a V,and a V_ derived from
Vg 1-18 and V. L6 germline sequences, respectively, is
3G10. Examples of Abs having V,; and V_ regions derived
from V,; 1-69 and V. L6 germline sequences, respectively,
include 12A4, 1B12, 7H1 and 12B7. An example of an Ab
having a V,, and a V derived from V, 1-3 and V. L15
germline sequences, respectively, is 10AS. Examples of Abs
having V,,and V,_regions derived from V, 1-69 and V,_ A27
germline sequences, respectively, include 5F8, 11E6 and
11E6a. An example of an Ab having a V, and a V_ derived
from V 3-9 and V,. L15 germline sequences, respectively,
is 10H10. An example of an Ab having a V and a V
derived from V, 1-3 and V. L15 germline sequences,
respectively, is 10AS. An example of an Ab having a V, and
a V, derived from V,, 3-9 and V. L18 germline sequences,
respectively, is 13G4.

In certain embodiments, anti-PD-L.1 Abs of the invention
comprise heavy and light chain variable regions having
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amino acid sequences that are highly similar or homologous
to the amino acid sequences of the preferred anti-PD-L.1 Abs
described herein, wherein the Ab retains the functional
properties of the aforementioned anti-PD-L.1 Abs of the
invention. For example, Abs of the invention include mAbs
comprising a heavy chain variable region and a light chain
variable region, wherein the heavy chain variable region
comprises consecutively linked amino acids having a
sequence that is at least 80% identical to an amino acid
sequence selected from the group consisting of SEQ ID
NOs. 15,16, 17, 18, 19, 20, 21, 22, 23, and 24, and the light
chain variable region comprises consecutively linked amino
acids having a sequence that is at least 80% identical to an
amino acid sequence selected from the group consisting of
SEQ ID NOs. 25, 26, 27, 28, 29, 30, 31, 32, 33, and 34. In
other embodiments, the V; and/or V, amino acid sequences
may exhibit at least 85%, 90%, 95%, 96%, 97%, 98% or
99% identity to the sequences set forth above.

Certain embodiments of the anti-PD-L1 Abs of the inven-
tion comprise heavy and light chain variable regions each
comprising CDR1, CDR2 and CDR3 domains, wherein one
or more of these CDR domains comprise consecutively
linked amino acids having sequences that are the same as the
CDR sequences of the preferred anti-PD-L1 Abs described
herein (e.g., 3G10, 12A4, 10A5, 5F8, 10H10, 1B12, 7H1,
11E6, 12B7 and 13G4), or conservative modifications
thereof, and wherein the Abs retain the desired functional
properties of the preferred anti-PD-L1 Abs of the invention.

On the basis of the evidence that the heavy chain CDR3
is the primary determinant of binding specificity and affinity
of'an Ab, it is generally true that once the heavy chain CDR3
sequence of a given Ab is defined, variability in the other
five CDR sequences will not greatly affect the binding
specificity of that Ab. Accordingly, anti-PD-L1 Abs of the
invention include isolated Abs comprising 6 CDRs, wherein
the Abs are defined by specifying the sequence of the heavy
chain CDR3 domain.

Anti-PD-L1 Abs of the invention also include isolated
Abs that bind specifically to human PD-L.1 and cross-
compete for binding to human PD-L1 with any of HuMAbs
3G10, 12A4, 10AS, 5F8, 10H10, 1B12, 7H1, 11E6, 12B7
and 13G4. Thus, anti-PD-L.1 Abs of the invention include
isolated Abs or antigen-binding portions thereof that cross-
compete for binding to PD-L.1 with a reference Ab or a
reference antigen-binding portion thereof comprising: (a) a
human heavy chain variable region comprising consecu-
tively linked amino acids having the sequence set forth in
SEQ ID NO: 15 and a human light chain variable region
comprising consecutively linked amino acids having the
sequence set forth in SEQ ID NO: 25; (b) a human heavy
chain variable region comprising consecutively linked
amino acids having the sequence set forth in SEQ ID NO: 16
and a human light chain variable region comprising con-
secutively linked amino acids having the sequence set forth
in SEQ ID NO: 26; (¢) a human heavy chain variable region
comprising consecutively linked amino acids having the
sequence set forth in SEQ ID NO: 17 and a human light
chain variable region comprising consecutively linked
amino acids having the sequence set forth in SEQ ID NO:
27; (d) a human heavy chain variable region comprising
consecutively linked amino acids having the sequence set
forth in SEQ ID NO: 18 and a human light chain variable
region comprising consecutively linked amino acids having
the sequence set forth in SEQ ID NO: 28; (e) a human heavy
chain variable region comprising consecutively linked
amino acids having the sequence set forth in SEQ ID NO: 19
and a human light chain variable region comprising con-
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secutively linked amino acids having the sequence set forth
in SEQ ID NO: 29; (f) a human heavy chain variable region
comprising consecutively linked amino acids having the
sequence set forth in SEQ ID NO: 20 and a human light
chain variable region comprising consecutively linked
amino acids having the sequence set forth in SEQ ID NO:
30; (g) a human heavy chain variable region comprising
consecutively linked amino acids having the sequence set
forth in SEQ ID NO: 21 and a human light chain variable
region comprising consecutively linked amino acids having
the sequence set forth in SEO ID NO: 31; (h) a human heavy
chain variable region comprising consecutively linked
amino acids having the sequence set forth in SEQ ID NO: 22
and a human light chain variable region comprising con-
secutively linked amino acids having the sequence set forth
in SEQ ID NO: 32; (i) a human heavy chain variable region
comprising consecutively linked amino acids having the
sequence set forth in SEQ ID NO: 23 and a human light
chain variable region comprising consecutively linked
amino acids having the sequence set forth in SEQ ID NO:
33; or (j) a human heavy chain variable region comprising
consecutively linked amino acids having the sequence set
forth in SEQ ID NO: 24 and a human light chain variable
region comprising consecutively linked amino acids having
the sequence set forth in SEQ ID NO: 34.

The ability of an Ab to cross-compete with any of 3G10,
12A4, 10AS5, 5F8, 10H10, 1B12, 7HI, 11E6, 12B7 and
13G4 for binding to human PD-L1 demonstrates that such
Ab binds to the same epitope region of each of 3G10, 12A4,
10A5, 5F8, 10H10, 1B12, 7H1, 11E6, 12B7 and 13G4,
respectively. All isolated Abs that bind to the same epitope
region of human PD-L1 as does HuMAb 3G10, 12A4,
10A5, 5F8, 10H10, 1B12, 7HI1, 11E6, 12B7 or 13G4 are
included among the Abs of the invention. These cross-
competing Abs are expected to have very similar functional
properties by virtue of their binding to the same epitope
region of PD-L 1. For example, cross-competing anti-PD-1.1
mAbs 3G10, 1B12, 13G4, 12A4 (BMS-936559), 10A5,
12B7, 11E6 and 5F8 have been shown to have similar
functional properties (see U.S. Pat. No. 7,943,743 at
Examples 3-11), whereas mAb 10H10, which binds to a
different epitope region, behaves differently (U.S. Pat. No.
7,943,743 at Example 11). The higher the degree of cross-
competition, the more similar will the functional properties
be. Further, cross-competing Abs can be identified in stan-
dard PD-L.1 binding assays, e.g., Biacore analysis, ELISA
assays or flow cytometry, that are well known to persons
skilled in the art. In preferred embodiments, the Abs that
cross-compete for binding to human PD-1 with, or bind to
the same epitope region of human PD-L1 as, 3G10, 12A4,
10A5, 5F8, 10H10, 1B12, 7HI1, 11E6, 12B7 or 13G4 are
mAbs, preferably chimeric Abs, or more preferably human-
ized or human Abs. Such human mAbs can be prepared and
isolated as described in U.S. Pat. No. 7,943,743.

Data provided in Example 2 show that each of the
anti-PD-L1 HuMAbs 5F8, 7H1, 1B12, 3G10, 10A5, 11E6,
12A4, 12B7 and 13G4, i.e., all of the HuMAbs tested except
10H10, substantially blocked binding of mAbs 3G10, 10AS,
11E6, 12A4 and 13G4 to Chinese Hamster Ovary (CHO)
cells expressing PD-L1 cells. HuMAb 10H10 substantially
blocked the binding only of itself to CHO/PD-L1 cells.
These data show that 3G10, 10A5, 11E6, 12A4 and 13G4
cross-compete with all of the HuMAbs tested, except for
10H10, for binding to the same epitope region of human
PD-L1 (FIGS. 2A-F).

Data provided in Example 3 show that the binding of
HuMAb 12A4 to ES-2 ovarian carcinoma cells expressing
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PD-L1 cells was substantially blocked by 12A4 itself and by
1B12 and 12B7, and was moderately to significantly
blocked by mAbs SF8, 10AS5, 13G4 and 3G10, but was not
blocked by mAb 10H10. These data, largely consistent with
the data in Example 2, show that 12A4 itself, and 2 other
HuMabs, 12B7 and 1B12, substantially cross-compete with
12A4 for binding to the same epitope region, possibly the
same epitope, of human PD-L1; 5F8, 10AS, 13G4 and
3G10, exhibit a significant but lower level of cross-compe-
tition with 12A4, suggesting that these mAbs may bind to
epitopes that overlap the 12A4 epitope; whereas 10H10 does
not cross-compete at all with 12A4 (FIG. 3), suggesting that
this mAb binds to a different epitope region from 12A4.

Anti-PD-L.1 Abs of the invention also include Abs engi-
neered starting from Abs having one or more of the V,,
and/or V, sequences disclosed herein, which engineered Abs
may have altered properties from the starting Abs. An
anti-PD-L.1 Ab can be engineered by a variety of modifica-
tions as described above for the engineering of modified
anti-PD-1 Abs of the invention.

Anti-PD-L1 Abs of the invention also include isolated
Abs selected for their ability to bind to PD-L1 in formalin-
fixed, paraffin-embedded (FFPE) tissue specimens. The use
of FFPE samples is essential for the long-term follow-up
analysis of the correlation between PD-L.1 expression in
tumors and disease prognosis or progression. Yet, studies on
measuring PD-L1 expression have often been conducted on
frozen specimens because of the difficulty in isolating anti-
human PD-L1 Abs that can be used to stain PD-L1 in FFPE
specimens by IHC in general (Hamanishi et al., 2007) and,
in particular, Abs that bind specifically to membranous
PD-L1 in these tissues. The use of different Abs to stain
PD-L1 in frozen versus FFPE tissues, and the ability of
certain Abs to distinguish membranous and/or cytoplasmic
forms of PD-L1, may account for some of the disparate data
reported in the literature correlating PD-L1 expression with
disease prognosis (Hamanishi et al., 2007; Gadiot et al.,
2011). This disclosure provides several rabbit mAbs that
bind with high affinity specifically to membranous human
PD-L1 in FFPE tissue samples comprising tumor cells and
tumor-infiltrating inflammatory cells.

Rabbit and mouse anti-hPD-L.1 mAbs were produced as
described in Example 9. Out of almost 200 Ab multiclones
screened, only ten rabbit multiclone Abs were found to
specifically detect the membranous form of PD-L1, and the
top five multiclones (designated Nos. 13, 20, 28, 29 and 49)
were subsequently subcloned. The clone that produced the
most robust detection specifically of membranous PD-L1,
rabbit clone 28-8, was selected for the IHC assays. The
sequences of the variable regions of mAb 28-8 are set forth
in SEQ ID NOs. 35 and 36, respectively. The sequences of
the heavy and light chain CDR domains of mAb 28-8, as
delineated using the Kabat system, are set forth in SEQ ID
NOs. 37-42. Rabbit clones 28-1, 28-12, 29-8 and 20-12 were
the next best mAbs in terms of robust detection of mem-
branous PD-L1 in FFPE tissues.

Anti-PD-L.1 Abs of the invention also include antigen-
binding portions of the above Abs, including Fab, F(ab'), Fd,
Fv, and scFv, di-scFv or bi-scFv, and scFv-Fc fragments,
diabodies, triabodies, tetrabodies, and isolated CDRs (see
Hollinger and Hudson, 2005; Olafsen and Wu, 2010, for
further details).

Nucleic Acid Molecules Encoding Antibodies of the Inven-
tion

Another aspect of the present disclosure pertains to iso-
lated nucleic acid molecules that encode any of the Abs of
the invention. These nucleic acids may be present in whole

10

15

20

25

30

35

40

45

50

55

60

65

26

cells, in a cell lysate, or in a partially purified or substantially
pure form. A nucleic acid of the invention can be, for
example, DNA or RNA, and may or may not contain intronic
sequences. In a preferred embodiment, the nucleic acid is a
cDNA.

Nucleic acids of the invention can be obtained using
standard molecular biology techniques. For Abs expressed
by hybridomas (e.g., hybridomas prepared from transgenic
mice carrying human immunoglobulin genes as described
further below), cDNAs encoding the light and heavy chains
of the Ab made by the hybridoma can be obtained by
standard PCR amplification or ¢cDNA cloning techniques.
Nucleic acids encoding Abs obtained from an immuno-
globulin gene library (e.g., using phage display techniques)
can be recovered from the library.

Preferred nucleic acids molecules of the invention are
those encoding the V,; and V. sequences of the anti-PD-1
HuMAbs, 17D8, 2D3, 4HI1, 5C4, 4All, 7D3 and 5F4
(disclosed in U.S. Pat. No. 8,008,449), and those encoding
the Vand V,_sequences of the anti-PD-L.1 HuMAbs, 3G10,
12A4, 10A5, SF8, 10H10, 1B12, 7H1, 11E6, 12B7, and
13G4 (disclosed in U.S. Pat. No. 7,943,743). An isolated
DNA encoding the V,, region can be converted to a full-
length heavy chain gene by operatively linking the V-
encoding DNA to another DNA molecule encoding heavy
chain constant regions (C,, C;, and Cyy3), the sequences of
which are known in the art and can be obtained by standard
PCR amplification. The heavy chain constant region can be
an IgG1, IgG2, 1gG3, 1gG4, IgA, IgE, IgM or IgD constant
region, but is preferably an IgG1 or IgG4 constant region.
Similarly, an isolated DNA encoding the V; region can be
converted to a full-length light chain gene by operatively
linking the V;-encoding DNA to another DNA molecule
encoding the light chain constant region (C,), the sequence
of' which is known in the art and can be obtained by standard
PCR amplification. The light chain constant region can be a
kappa or lambda constant region, but most preferably is a
kappa constant region.

Pharmaceutical Compositions

Antibodies of the present invention may be constituted in
a composition, e.g., a pharmaceutical composition, contain-
ing one Ab or a combination of Abs, or an antigen-binding
portion(s) thereof, and a pharmaceutically acceptable car-
rier. As used herein, a “pharmaceutically acceptable carrier”
includes any and all solvents, dispersion media, coatings,
antibacterial and antifungal agents, isotonic and absorption
delaying agents, and the like that are physiologically com-
patible. Preferably, the carrier is suitable for intravenous,
intramuscular, subcutaneous, parenteral, spinal or epidermal
administration (e.g., by injection or infusion). A pharmaceu-
tical composition of the invention may include one or more
pharmaceutically acceptable salts, anti-oxidant, aqueous and
nonaqueous carriers, and/or adjuvants such as preservatives,
wetting agents, emulsifying agents and dispersing agents.

Dosage regimens are adjusted to provide the optimum
desired response, e.g., a therapeutic response or minimal
adverse effects. For administration of an anti-PD-1 or anti-
PD-L1 Ab, the dosage ranges from about 0.0001 to about
100 mg/kg, usually from about 0.001 to about 20 mg/kg, and
more usually from about 0.01 to about 10 mg/kg, of the
subject’s body weight. Preferably, the dosage is within the
range of 0.1-10 mg/kg body weight. For example, dosages
can be 0.1, 0.3, 1, 3, 5 or 10 mg/kg body weight, and more
preferably, 0.3, 1, 3, or 10 mg/kg body weight. The dosing
schedule is typically designed to achieve exposures that
result in sustained receptor occupancy (RO) based on typical
pharmacokinetic properties of an Ab. An exemplary treat-
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ment regime entails administration once per week, once
every two weeks, once every three weeks, once every four
weeks, once a month, once every 3 months or once every
three to 6 months. The dosage and scheduling may change
during a course of treatment. For example, dosing schedule
may comprise administering the Ab: (i) every two weeks in
6-week cycles; (ii) every four weeks for six dosages, then
every three months; (iii) every three weeks; (iv) 3-10 mg/kg
body weight once followed by 1 mg/kg body weight every
2-3 weeks. Considering that an IgG4 Ab typically has a
half-life of 2-3 weeks, a preferred dosage regimen for an
anti-PD-1 or anti-PD-L.1 Ab of the invention comprises
0.3-10 mg/kg body weight, preferably 3-10 mg/kg body
weight, more preferably 3 mg/kg body weight via intrave-
nous administration, with the Ab being given every 14 days
in up to 6-week or 12-week cycles until complete response
or confirmed progressive disease.

In some methods, two or more mAbs with different
binding specificities are administered simultaneously, in
which case the dosage of each Ab administered falls within
the ranges indicated. Antibody is usually administered on
multiple occasions. Intervals between single dosages can be,
for example, weekly, every 2 weeks, every 3 weeks,
monthly, every three months or yearly. Intervals can also be
irregular as indicated by measuring blood levels of Ab to the
target antigen in the patient. In some methods, dosage is
adjusted to achieve a plasma Ab concentration of about
1-1000 pg/ml and in some methods about 25-300 pg/ml.

Alternatively, the Ab can be administered as a sustained
release formulation, in which case less frequent administra-
tion is required. Dosage and frequency vary depending on
the half-life of the Ab in the patient. In general, human Abs
show the longest half-life, followed by humanized Abs,
chimeric Abs, and nonhuman Abs. The dosage and fre-
quency of administration can vary depending on whether the
treatment is prophylactic or therapeutic. In prophylactic
applications, a relatively low dosage is typically adminis-
tered at relatively infrequent intervals over a long period of
time. Some patients continue to receive treatment for the rest
of their lives. In therapeutic applications, a relatively high
dosage at relatively short intervals is sometimes required
until progression of the disease is reduced or terminated, and
preferably until the patient shows partial or complete ame-
lioration of symptoms of disease. Thereafter, the patient can
be administered a prophylactic regime.

Actual dosage levels of the active ingredients in the
pharmaceutical compositions of the present invention may
be varied so as to obtain an amount of the active ingredient
which is effective to achieve the desired therapeutic
response for a particular patient, composition, and mode of
administration, without being unduly toxic to the patient.
The selected dosage level will depend upon a variety of
pharmacokinetic factors including the activity of the par-
ticular compositions of the present invention employed, the
route of administration, the time of administration, the rate
of excretion of the particular compound being employed, the
duration of the treatment, other drugs, compounds and/or
materials used in combination with the particular composi-
tions employed, the age, sex, weight, condition, general
health and prior medical history of the patient being treated,
and like factors well known in the medical arts. A compo-
sition of the present invention can be administered via one
or more routes of administration using one or more of a
variety of methods well known in the art. As will be
appreciated by the skilled artisan, the route and/or mode of
administration will vary depending upon the desired results.

20

30

40

45

28

Uses and Methods of the Invention

The Abs, Ab compositions, nucleic acids and methods of
the present invention have numerous in vitro and in vivo
utilities including, for example, methods to determine and
quantify the expression of PD-1 or PD-L1 comprising
binding of the Abs to the target polypeptides or measuring
the amount of nucleic acid encoding these polypeptides, and
a method for immunotherapy of a subject afflicted with a
disease comprising administering to the subject a composi-
tion comprising a therapeutically effective amount of a
therapeutic agent that inhibits signaling from an inhibitory
immunoregulator. In preferred embodiments of the latter
method, the inhibitory immunoregulator is a component of
the PD-1/PD-L.1 signaling pathway, and the therapeutic
agent disrupts signaling of this pathway. More preferably,
the therapeutic agent is an Ab that interferes with the
interaction between PD-1 and PD-L1. In certain preferred
embodiments of this method, the Ab binds specifically to
PD-1 and blocks the interaction of PD-1 with PD-L1 and/or
PD-L2. In other preferred embodiments, the therapeutic
agent is an Ab that binds specifically to PD-L1 and blocks
the interaction of PD-L1 with PD-1 and/or B7-1 (CDS8O0).
Thus, this disclosure provides methods for potentiating an
immune response in a subject comprising administering an
anti-PD-1 and/or an anti-PD-L.1 Ab in order to disrupt the
interaction between PD-1 and PD-L1, and methods of treat-
ing diseases mediated by such a potentiation of the immune
response. When Abs to PD-1 and PD-L1 are administered
together, the two can be administered sequentially in either
order or simultaneously. In certain aspects, this disclosure
provides methods of modifying an immune response in a
subject comprising administering to the subject an anti-PD-1
and/or an anti-PD-L1 Ab of the invention, or antigen-
binding portion thereof, such that the immune response in
the subject is modified. Preferably, the immune response is
potentiated, enhanced, stimulated or up-regulated. In pre-
ferred embodiments, the Abs of the present invention are
human Abs.

Preferred subjects include human patients in need of
enhancement of an immune response. The immunothera-
peutic methods disclosed herein are particularly suitable for
treating human patients having a disorder that can be treated
by potentiating a T-cell mediated immune response. In
certain embodiments, the methods are employed for treat-
ment of subjects afflicted with a disease caused by an
infectious agent. In preferred embodiments, the methods are
employed for treatment of subjects afflicted with, or at risk
of being afflicted with, a cancer.

Cancer Immunotherapy

Blockade of PD-1/PD-L1 interaction has been shown to
potentiate immune responses in vitro (U.S. Pat. Nos. 8,008,
449 and 7,943,743, Fife et al., 2009) and mediate preclinical
antitumor activity (Dong et al., 2002; Iwai et al., 2002).
However, the molecular interactions potentially blocked by
these two Abs are not identical: anti-PD-1 Abs of the
invention disrupt PD-1/PD-L1 and potentially PD-1/PD-[.2
interactions; in contrast, whereas anti-PD-L1 Abs of the
invention also disrupt PD-1/PD-L1 interactions, they do not
block PD-1/PD-L2 interactions but instead may disrupt the
PD-1-independent PD-L.1/CD80 interaction, which has also
been shown to down-modulate T-cell responses in vitro and
in vivo (Park et al., 2010; Paterson et al., 2011; Yang et al.,
2011; Butte et al., 2007; Butte et al., 2008). Thus, it is
possible that among these varied ligand-receptor pairings,
different interactions may dominate in different cancer
types, contributing to dissimilar activity profiles for the two
Abs.
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Disruption of the PD-1/PD-L1 interaction by antagonistic
Abs can enhance the immune response to cancerous cells in
a patient. PD-L1 is not expressed in normal human cells, but
is abundant in a variety of human cancers (Dong et al.,
2002). The interaction between PD-1 and PD-L1 impairs T
cell responses as manifested by a decrease in tumor-infil-
trating lymphocytes (TILs) and a decrease in T-cell receptor-
mediated proliferation, resulting in T cell anergy, exhaustion
or apoptosis, and immune evasion by the cancerous cells
(Zou and Chen, 2008; Blank et al., 2005; Konishi et al.,
2004; Dong et al., 2003; Iwai et al., 2002) Immune sup-
pression can be reversed by inhibiting the local interaction
between PD-L.1 and PD-1 using an anti-PD-1 and/or an
anti-PD-L1 Ab. These Abs may be used alone or in combi-
nation to inhibit the growth of cancerous tumors. In addition,
either or both of these Abs may be used in conjunction with
other immunogenic and/or anti-cancer agents including
cytokines, standard cancer chemotherapies, vaccines, radia-
tion, surgery, or other Abs.

Immunotherapy of Cancer Patients Using an Anti-PD-1
Antibody

This disclosure provides a method for immunotherapy of
a subject afflicted with cancer, which method comprises
administering to the subject a composition comprising a
therapeutically effective amount of an Ab or an antigen-
binding portion thereof that disrupts the interaction of PD-1
with PD-L.1 and/or PD-L2. This disclosure also provides a
method of inhibiting growth of tumor cells in a subject,
comprising administering to the subject an Ab or an antigen-
binding portion thereof that disrupts the interaction of PD-1
with PD-L1 and/or PD-L2 in an amount effective to inhibit
growth of the tumor cells. In preferred embodiments, the
subject is a human. In other preferred embodiments, the Ab
or antigen-binding portion thereof is an anti-PD-1 Ab of the
invention or an antigen-binding portion thereof. In certain
embodiments, the Ab or antigen-binding portion thereof is
of an IgG1 or IgG4 isotype. In other embodiments, the Ab
or antigen-binding portion thereof is a mAb or an antigen-
binding portion thereof. In further embodiments, the Ab or
antigen-binding portion thereof is a chimeric, humanized or
human Ab or an antigen-binding portion thereof. In pre-
ferred embodiments for treating a human patient, the Ab or
antigen-binding portion thereof is a human Ab or an antigen-
binding portion thereof.

The clinical trials described in the Examples employed
the anti-PD-1 HuMADb, nivolumab (designated 5C4 in U.S.
Pat. No. 8,008,449), to treat cancer. While 5C4 was selected
as the lead Ab for entering the clinic, it is notable that several
anti-PD-1 Abs of the invention share with 5C4 functional
properties that are important to the therapeutic activity of
5C4, including high affinity binding specifically to human
PD-1, increasing T-cell proliferation, IL-2 secretion and
interferon-y production in an MLR assay, inhibiting the
binding of PD-L1 and/or PD-L2 to PD-1, and inhibiting
tumor cell growth in vivo. Moreover, certain of the anti-
PD-1 Abs of the invention, 17D8, 2D3, 4H1 and 7D3 are
structurally related to 5C4 in comprising V,, and V,_ regions
that have sequences derived from V, 3-33 and V. L6
germline sequences, respectively. In addition, 5C4, 2D3,
7D3, 4H1 and 17D8 all cross-compete for binding to the
same epitope region of hPD-1 (Example 1). Thus, the
preclinical characterization of nivolumab and other anti-
PD-1 HuMabs indicate that the methods of treating cancer
provided herein may be performed using different Abs
selected from the broad genus of anti-PD-1 Abs of the
invention.
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Accordingly, certain embodiments of the immunotherapy
methods disclosed herein comprise administering to a
patient an anti-PD-1 Ab or antigen-binding portion thereof
comprising;: (a) a heavy chain variable region that comprises
consecutively linked amino acids having a sequence derived
from a human V, 3-33 germline sequence, and a light chain
variable region that comprises consecutively linked amino
acids having a sequence derived from a human V. L6
germline sequence, or (b) a heavy chain variable region that
comprises consecutively linked amino acids having a
sequence derived from a human V,,4-39 germline sequence,
and a light chain variable region that comprises consecu-
tively linked amino acids having a sequence derived from a
human V,_ L15 germline sequence.

In certain other embodiments, the Ab or antigen-binding
portion thereof that is administered to the patient cross-
competes for binding to PD-1 with a reference Ab or a
reference antigen-binding portion thereof comprising: (a) a
human heavy chain variable region comprising consecu-
tively linked amino acids having the sequence set forth in
SEQ ID NO: 1 and a human light chain variable region
comprising consecutively linked amino acids having the
sequence set forth in SEQ ID NO: 8; (b) a human heavy
chain variable region comprising consecutively linked
amino acids having the sequence set forth in SEQ ID NO: 2
and a human light chain variable region comprising con-
secutively linked amino acids having the sequence set forth
in SEQ ID NO: 9; (¢) a human heavy chain variable region
comprising consecutively linked amino acids having the
sequence set forth in SEQ ID NO: 3 and a human light chain
variable region comprising consecutively linked amino
acids having the sequence set forth in SEQ ID NO: 10; (d)
a human heavy chain variable region comprising consecu-
tively linked amino acids having the sequence set forth in
SEQ ID NO: 4 and a human light chain variable region
comprising consecutively linked amino acids having the
sequence set forth in SEQ ID NO: 11; (e) a human heavy
chain variable region comprising consecutively linked
amino acids having the sequence set forth in SEQ ID NO: 5
and a human light chain variable region comprising con-
secutively linked amino acids having the sequence set forth
in SEQ ID NO: 12; (f) a human heavy chain variable region
comprising consecutively linked amino acids having the
sequence set forth in SEQ ID NO: 6 and a human light chain
variable region comprising consecutively linked amino
acids having the sequence set forth in SEQ ID NO: 13; or (g)
a human heavy chain variable region comprising consecu-
tively linked amino acids having the sequence set forth in
SEQ ID NO: 7 and a human light chain variable region
comprising consecutively linked amino acids having the
sequence set forth in SEQ ID NO: 14. In preferred embodi-
ments, the Ab or antigen-binding portion thereof cross-
competes for binding to PD-1 with nivolumab.

In certain embodiments of the immunotherapy methods
disclosed herein, the anti-PD-1 Ab or antigen-binding por-
tion thereof administered to the patient comprises: (a) a
human heavy chain variable region comprising consecu-
tively linked amino acids having the sequence set forth in
SEQ ID NO: 1 and a human light chain variable region
comprising consecutively linked amino acids having the
sequence set forth in SEQ ID NO: 8; (b) a human heavy
chain variable region comprising consecutively linked
amino acids having the sequence set forth in SEQ ID NO: 2
and a human light chain variable region comprising con-
secutively linked amino acids having the sequence set forth
in SEQ ID NO: 9; (¢) a human heavy chain variable region
comprising consecutively linked amino acids having the
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sequence set forth in SEQ ID NO: 3 and a human light chain
variable region comprising consecutively linked amino
acids having the sequence set forth in SEQ ID NO: 10; (d)
a human heavy chain variable region comprising consecu-
tively linked amino acids having the sequence set forth in
SEQ ID NO: 4 and a human light chain variable region
comprising consecutively linked amino acids having the
sequence set forth in SEQ ID NO: 11; (e) a human heavy
chain variable region comprising consecutively linked
amino acids having the sequence set forth in SEQ ID NO: 5
and a human light chain variable region comprising con-
secutively linked amino acids having the sequence set forth
in SEQ ID NO: 12; (f) a human heavy chain variable region
comprising consecutively linked amino acids having the
sequence set forth in SEQ ID NO: 6 and a human light chain
variable region comprising consecutively linked amino
acids having the sequence set forth in SEQ ID NO: 13; or (g)
a human heavy chain variable region comprising consecu-
tively linked amino acids having the sequence set forth in
SEQ ID NO: 7 and a human light chain variable region
comprising consecutively linked amino acids having the
sequence set forth in SEQ ID NO: 14. In preferred embodi-
ments, the anti-PD-1 Ab or antigen-binding portion com-
prises a human heavy chain variable region comprising
consecutively linked amino acids having the sequence set
forth in SEQ ID NO: 4 and a human light chain variable
region comprising consecutively linked amino acids having
the sequence set forth in SEQ ID NO: 11. In other preferred
embodiments, the anti-PD-1 Ab is nivolumab.

In certain embodiments of the present methods, the anti-
PD-1 Ab is formulated for intravenous administration. In
preferred embodiments, the Ab is administered intrave-
nously at a dose of 3 mg/kg over 60 minutes every 2 weeks.
Typically, treatment is continued as long as clinical benefit
is observed or until unmanageable toxicity or disease pro-
gression occurs.

In the clinical trials of anti-PD-1 immunotherapy
described in the Examples below, intriguing ORs with
durable clinical responses, even in heavily pretreated
patients, were observed across multiple tumor types includ-
ing a substantial proportion of NSCLC, MEL, and RCC
patients and in various sites of metastasis including liver,
lung, lymph nodes, and bone. MEL and RCC are considered
to be immunogenic neoplasms, having previously been
demonstrated to be responsive to cancer immunotherapy,
e.g., interferon-alfa and interleukin-2 in both MEL and RCC
(Eton et al., 2002; Coppin et al., 2005; McDermott and
Atkins, 2006) and anti-CTLA-4 Ab in MEL (Hodi et al.,
2010). In MEL patients, significant ORRs were observed
with nivolumab across different doses 0f 0.1, 0.3, 1, 3, or 10
mg/kg with an overall response rate of about 31%, and
similarly comparable ORRs of about 30% were observed in
RCC patients treated with nivolumab doses of 1 or 10 mg/kg
(see Example 7). In contrast, immunotherapy has histori-
cally had minimal success in lung cancer. This lack of
success has been attributed to NSCLC being “non-immu-
nogenic” (see, e.g., Holt and Disis, 2008; Holt et al., 2011).
The ability of lung cancer to thwart the immune system
results from multiple factors, including the secretion of
immunosuppressive cytokines, loss of major histocompat-
ibility complex antigen expression, and co-opting of T cell
inhibitory pathways (Dasanu et al., 2012; Marincola et al.,
2000; Brahmer et al, 2012).

Despite the limited efficacy of immunotherapy histori-
cally seen in lung cancer and the diverse mechanisms
employed by lung cancer cells to evade immune system
attack, various tumor cell vaccines (e.g., belagenpumatucel-
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L, a whole-cell-based vaccine that blocks the action of
TGF-p2) and antigen-based vaccines (e.g., a humoral EGF
vaccine and vaccines incorporating a MAGE-A3 fusion
protein or portions of the tumor-associated MUC1 antigen)
that augment antigen-specific antitumor immunity are being
evaluated in clinical trials (Holt et al., 2011; Shepherd et al.,
2011; Dasanu et al., 2012; Brahmer et al, 2012). However,
while such antigen-specific vaccines have shown some
promise for the treatment of NSCLC, Holt et al. (2011)
noted that trials involving nonspecific immunotherapeutic
interventions had failed to improve outcomes in NSCLC,
which indicated a need to combine them with antigen-
specific vaccines. These authors expressed the view that
truly efficacious immunotherapy of NSCLC would only
result from implementation of strategies to both augment
antitumor immunity and counteract tumor-mediated immu-
nosuppression, and concluded that the nonexistent or weak
nascent immune responses in NSCLC patients make it
unlikely that nonspecific stimulation of the immune system
or removal of immunosuppression would create changes in
clinical outcomes.

Thus, the results reported herein with NSCLC are par-
ticularly striking, unexpected and surprising. In NSCLC
patients, ORs were observed at nivolumab doses of 1, 3, or
10 mg/kg with response rates of 3%, 24%, and 20%,
respectively (see Example 7). ORs were observed across
NSCLC histologies: 9 responders of 54 squamous (17%),
and 13 of 74 nonsquamous (18%). This level of activity seen
with nivolumab in NSCLC patients with significant prior
therapy (54% with 3 lines of previous therapy) and across
histologies is unprecedented, especially in the squamous
histology patients (cf. Gridelli et al., 2008; Miller, 2006),
and provides a very favorable benefit/risk dynamic regard-
ing efficacy and safety compared to existing standard-of-
care.

In certain embodiments of the present immunotherapy
methods, the anti-PD-1 Ab is indicated as monotherapy for
locally advanced or metastatic squamous or non-squamous
NSCLC after platinum based therapy (regardless of main-
tenance) and one other treatment. In other embodiments, the
anti-PD-1 Ab is indicated as monotherapy for locally
advanced or metastatic squamous or non-squamous NSCLC
after failure of platinum-based therapy and one other prior
chemotherapy regimen. In further embodiments, the anti-
PD-1 Ab is indicated as monotherapy for locally advanced
or metastatic squamous or non-squamous NSCLC after
failure of two lines of therapy one of which must include
platinum based regimen. In yet further embodiments, the
anti-PD-1 Ab is indicated as monotherapy for locally
advanced or metastatic squamous or non-squamous NSCLC
after at least one prior chemotherapy, after failure of at least
one prior platinum based therapy, or after progression on at
least one platinum doublet therapy. In all of the immuno-
therapy methods disclosed herein, treatment may be contin-
ued as long as clinical benefit is observed or until unman-
ageable toxicity or disease progression occurs.

Durability of Clinical Responses to Anti-PD-1 in Heavily-
Pretreated Cancer Patients

The critical role of the PD-1 pathway in suppressing
anti-tumor immunity, first revealed in laboratory models, has
now been validated in clinical studies. As described herein,
monotherapy with drugs blocking PD-1 (nivolumab) or its
major ligand PD-L.1 (BMS-936559) can mediate regression
in patients with treatment-refractory advanced cancers. The
objective response rate (ORR) in heavily pretreated NSCLC
patients receiving anti-PD-1 Ab, including patients with
squamous histology, is surprising and unexpected, as stan-
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dard salvage therapies historically show modest benefit in
these patients (Scagliotti et al., 2011). As measured by
standard RECIST in this study, ORs were long-lasting, with
median response durations of about 18 months in 22 of 129
responders ((see Example 7). In addition, patterns of tumor
regression consistent with immune-related patterns of
response were observed.

These findings have established the PD-1 pathway as a
new therapeutic focus in oncology (Pardoll, 2012; Topalian
et al,, 2012c; Hamid and Carvajal, 2013). In the current
study, in which 54% of patients had progressive disease
following 3 or more prior systemic regimens, preliminary
analysis has been conducted up to March 2013. This updated
analysis has supported and reinforced the data obtained and
conclusions reached from the earlier February 2012 analy-
ses. Thus, conventional ORs or prolonged disease stabiliza-
tion were documented in patients with NSCLC (17% and
10%, respectively), MEL (31%, 7%) and RCC (29%, 27%),
across all doses tested (see Example 7). Additionally, 13
patients (4%) manifested unconventional, “immune-related”
response patterns as previously described with anti-CTLA-4
therapy, several of which were sustained (Sharma et al.,
2011).

The durability of ORs across multiple cancer types in
patients treated with the anti-PD-1 Ab is particularly
notable. The updated analyses again underscored the dura-
bility of clinical activity in nivolumab-treated patients,
which has not generally been observed with chemotherapy
or small molecule inhibitors to date, but has been observed
in some patients with advanced melanoma receiving immu-
notherapies, including ipilimumab and high-dose interleu-
kin-2 (Topalian et al., 2011; Hodi et al., 2010). The persis-
tence of partial tumor regressions following drug
discontinuation suggests that PD-1 blockade has reset the
immune equilibrium between tumor and host, and the OS
benefit may ultimately prove to be significantly longer than
has been measured to date. Further follow-up is needed to
determine the ultimate durability of tumor regression and
disease stabilization in patients on these clinical trials.

Significantly, the durable objective tumor regression and
disease stabilization induced by nivolumab in heavily-pre-
treated patients with advanced NSCLC, MEL, and RCC
translate to survival outcomes that surpass historical data for
these patient populations treated with conventional chemo-
therapy and/or tyrosine-kinase inhibitor (TKI) treatments. In
NSCLC, 1- and 2-year survival rates were 42% and 14%,
respectively, with median OS of 9.2 and 10.1 months in
patients with squamous and non-squamous cancers, respec-
tively (see Example 7). This high level of efficacy is espe-
cially impressive since 54% of these patients had received 3
or more prior therapies. Moreover, because follow-up of
many lung cancer patients was relatively limited, these
figures may change as data mature. Historically, 2 L che-
motherapeutics for lung cancer (i.e., docetaxel and pem-
etrexed) have achieved a median OS of 7.5-8.3 months, and
one-year survival rates of approximately 30% (Shepherd et
al., 2000; Hanna et al., 2004). In a 2 [./3 L population,
erlotinib-treated patients had a median survival of 6.7
months, versus 4.7 months in placebo-treated patients
(Shepherd et al., 2005). No therapy is currently approved for
use in lung cancer beyond the 3 L setting, and minimal data
exist to benchmark survival in this patient population,
except in retrospective reviews with reported median sur-
vivals of 5.8-6.5 months and 1-year survivals of 25%
(Girard et al., 2009; Scartozi et al., 2010).

In nivolumab-treated MEL patients, median OS of 16.8
months was achieved, with landmark survival rates of 62%
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(1-year) and 43% (2-year) (see Example 7). Survival out-
comes in pretreated melanoma patients supported the recent
FDA approvals of ipilimumab and vemurafenib. In a recent
phase 3 trial enrolling melanoma patients with at least one
prior treatment for metastatic disease, ipilimumab increased
median OS from 6.4 to 10.1 months, compared to a gp100
peptide vaccine (Hodi et al., 2010). In phase 2 trials of
ipilimumab in previously treated patients, 2-year survival
rates ranged from 24.2-32.8% (Lebbe et al., 2012). Median
OS in previously treated patients with BRAF-mutant mela-
noma enrolled on a large phase 2 of vemurafenib was 15.9
months, and 1-year survival was 58% (Sosman et al., 2012).

Accordingly, in certain embodiments, immunotherapy
with anti-PD-1 Ab is indicated as monotherapy for locally
advanced or metastatic MEL after therapy with dacarbazine
(regardless of maintenance) and one other treatment. In
other embodiments, the anti-PD-1 Ab is indicated as mono-
therapy for locally advanced or metastatic MEL after failure
of dacarbazine-based therapy. In further embodiments, the
anti-PD-1 Ab is indicated as monotherapy for locally
advanced or metastatic MEL after failure of two lines of
therapy one of which must include a dacarbazine-based
regimen. In yet further embodiments, the anti-PD-1 Ab is
indicated as monotherapy for locally advanced or metastatic
MEL after at least one prior chemotherapy, after failure of at
least one prior dacarbazine-based therapy, or after progres-
sion on at least dacarbazine therapy. In all of the immuno-
therapy methods disclosed herein, treatment may be contin-
ved as long as clinical benefit is observed or until
unmanageable toxicity or disease progression occurs.

In nivolumab-treated patients with RCC, among whom
45% received 3 or more prior therapies and 71% received
prior anti-angiogenic therapy, median OS was reached at 22
months (as of the March 2013 date of analysis). Landmark
survival rates of 70% (1-year) and 50% (2-year) were
observed (see Example 7). In a recent Phase 3 trial enrolling
kidney cancer patients whose disease progressed following
anti-angiogenic therapy, everolimus was compared with
placebo: median OS was 14.8 versus 14.4 months, respec-
tively (Motzer et al., 2008; Motzer et al., 2010). A recent
Phase 3 trial comparing sorafenib to temsirolimus in a
sunitinib-refractory kidney cancer population yielded
median OS of 16.6 and 12.3 months, respectively (Hutson et
al., 2012). Thus, as with NSCLC and MEL, treatment of a
heavily-pretreated RCC patient population with nivolumab
has yielded a considerably longer median OS (>22 months)
than treatment of a less refractory population with standard-
of-care therapies. Controlled Phase 3 trials with prospective
survival endpoints are underway in NSCLC, MEL and RCC
(NCT01673867, NCT01721772, NCTO01642004,
NCTO01668784, and NCT01721746 (see Clinical Trials
Website, http://www.clinicaltrials.gov). The results from
these trials are expected to further demonstrate the high
efficacy of, and durability of responses to, nivolumab in
these cancers compared standard-of-care therapies.

In certain embodiments, immunotherapy with anti-PD-1
Ab is indicated as monotherapy for locally advanced or
metastatic RCC after therapy with an anti-angiogenic TKI or
a mTOR inhibitor (regardless of maintenance) and one other
treatment. In other embodiments, the anti-PD-1 Ab is indi-
cated as monotherapy for locally advanced or metastatic
RCC after failure of therapy with an anti-angiogenic TKI or
amTOR inhibitor. In further embodiments, the anti-PD-1 Ab
is indicated as monotherapy for locally advanced or meta-
static RCC after failure of two lines of therapy one of which
must include an anti-angiogenic TKI or a mTOR inhibitor.
In yet further embodiments, the anti-PD-1 Ab is indicated as
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monotherapy for locally advanced or metastatic RCC after at
least one prior chemotherapy, after failure of at least one
prior anti-angiogenic TKI- or mTOR inhibitor-based
therapy, or after progression on at least an anti-angiogenic
TKI or a mTOR inhibitor therapy. Anti-PD-1 immuno-
therapy may be continued as long as clinical benefit is
observed or until unmanageable toxicity or disease progres-
sion occurs.

Notably, OS in lung cancer, melanoma and kidney cancer
patients receiving nivolumab was considerably longer than
PFS. These results mirror those reported for ipilimumab
(Hodi et al., 2010), and reflect the observation that early
tumor enlargement or the appearance of new lesions in some
patients receiving immune checkpoint blockade can evolve
to disease stabilization or regression. These findings suggest
that progression-free survival may not be an optimal end-
point for determining the efficacy of nivolumab and other
agents in this class.

The data disclosed herein demonstrating the high efficacy,
durability and broad applicability of anti-PD-1 immuno-
therapy for treating cancer has led to nivolumab being tested
for additional types of cancer. For example, on the basis that
increased PD-L.1 expression has been reported with various
hematologic malignancies and may prevent the host immune
response from exerting a beneficial impact on the malignant
cells, a trial to confirm the ability of nivolumab to mediate
antitumor activity in patients with hematologic malignancies
(multiple myeloma, B-cell lymphoma, T-cell lymphoma,
Hodgkin’s lymphoma/primary mediastinal B-cell lym-
phoma, and chronic myelogenous leukemia) has been initi-
ated (NCT01592370). Nivolumab is also being tested as a
monotherapy in advanced hepatocellular carcinoma
(NCT01658878).

In summary, the results of anti-PD-1 immunotherapy
disclosed herein are remarkable in at least the following
three respects. First, the efficacy of anti-PD-1 has been
shown to surpass historical efficacy data for patients on
standard-of-care treatments for cancer. Notably, this efficacy
has been demonstrated in patient in heavily pretreated
populations in which about half of the patients had progres-
sive disease following 3 or more prior systemic regimens.
Such patients, afflicted with advanced, metastatic and/or
refractory cancers, are notoriously difficult to treat. Accord-
ingly, this disclosure provides methods for immunotherapy
of a patient afflicted with an advanced, metastatic and/or
refractory cancer, which method comprises administering to
the patient a therapeutically effective amount of an Ab or an
antigen-binding portion thereof that disrupts the interaction
of PD-1 with PD-L1 and/or PD-L2. In certain embodiments
of any of the therapeutic methods disclosed herein, the
subject has been pre-treated for the cancer; for example, the
subject had undergone at least one, two, or three prior lines
of therapy for cancer.

Second, the present therapeutic methods have been shown
to be applicable to a broad genus of different cancers. Based
on the surprising discovery that even a “non-immunogenic”
cancer such as NSCLC (Holt et al., 2011) and hard-to-treat
cancers such as ovarian and gastric cancers (as well as other
cancers tested, including MEL, RCC, and CRC) are amend-
able to treatment with anti-PD-1 and/or anti-PD-L1 (see
Examples 7 and 14), this disclosure generally provides
methods for immunotherapy of a patient afflicted with
practically any of a very wide range of cancers.

Third, treatment with an anti-PD-1 or anti-PD-L1 Ab has
been shown to produce strikingly durable clinical activity in
cancer patients. Accordingly, this disclosure provides immu-
notherapeutic methods of inducing a durable clinical
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response in a cancer patient comprising administering to the
patient a therapeutically effective amount of an Ab or an
antigen-binding portion thereof that disrupts the interaction
of PD-1 with PD-L1 and/or PD-L2. In preferred embodi-
ments of any of the therapeutic methods described herein,
the clinical response is a durable response.

As used herein, a “durable” response is a therapeutic or
clinical response that exceeds the anticipated median OS
rate in a patient population. The anticipated median OS rate
varies with different cancers and different patient popula-
tions. In certain embodiments, a durable response exceeds
the anticipated median OS rate in the relevant patient
population by at least 10%, preferably by at least 20%, more
preferably by at least 30%, and even more preferably by at
least 50%. A major benefit of immunotherapeutic
approaches based on PD-1 pathway blockade may be the
functional restoration of exhausted T cells with long-term
generation of memory T cells that may maintain antitumor
immune surveillance and inhibit tumor growth for prolonged
periods extending to many years, even in the absence of
continued therapy (Kim and Ahmed, 2010). Indeed, long-
term follow-up studies on patients following cessation of
nivolumab therapy have confirmed that a patient with CRC
experienced a complete response which was ongoing after 3
years; a patient with RCC experienced a partial response
lasting 3 years off therapy, which converted to a complete
response that was ongoing at 12 months; and a patient with
melanoma achieved a partial response that was stable for 16
months off therapy, and recurrent disease was successfully
treated with reinduction anti-PD-1 therapy (Lipson et al.,
2013).

Immune-Related Clinical Responses

It has become evident that conventional response criteria
may not adequately assess the activity of immunotherapeutic
agents because progressive disease (by initial radiographic
evaluation) does not necessarily reflect therapeutic failure.
For example, treatment with the anti-CTLA-4 Ab, ipilim-
umab, has been shown to produce four distinct response
patterns, all of which were associated with favorable sur-
vival: (a) shrinkage in baseline lesions, without new lesions;
(b) durable stable disease (in some patients followed by a
slow, steady decline in total tumor burden); (c) response
after an increase in total tumor burden; and (d) response in
the presence of new lesions. Accordingly, to properly evalu-
ate immunotherapeutic agents, long-term effects on the
target disease must also be captured. In this regard, system-
atic immune-related response criteria (irRC) that make
allowances for an early increase in tumor burden and/or the
appearance of new lesions, and which seek to enhance the
characterization of immune-related response patterns, have
been proposed (Wolchok et al., 2009). While the full impact
of these unconventional response patterns remains to be
defined in randomized trials of nivolumab with survival
endpoints, the present observations are reminiscent of find-
ings with ipilimumab in which a significant extension of OS
was observed in treated patients (Hodi et al., 2010; Robert
et al., 2011).

The overall risk/benefit profile of anti-PD-1 immuno-
therapy is also favorable, with a low incidence of more
severe drug-related adverse events (AEs; >grade 3), the
specific events observed to date being consistent with other
immunotherapeutic agents. This suggests that anti-PD-1
immunotherapy can be delivered in an outpatient setting
with minimal supportive care.
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Broad Spectrum of Cancers Treatable by Anti-PD-1
Immunotherapy

The clinical data presented herein demonstrate that immu-
notherapy based on PD-1 blockade is not limited to only
“immunogenic” tumor types, such as MEL and RCC, but
extends to tumor types not generally considered to be
immune-responsive, including NSCLC. The unexpected
successes with treatment-refractory metastatic NSCLC
underscore the possibility that any neoplasm can be “immu-
nogenic” in the context of proper immune modulation, and
suggest that PD-1 blockade as an immunotherapeutic
approach is broadly applicable across a very diverse range of
tumor types. Thus, cancers that may be treated using the
anti-PD-1 Abs of the invention also include cancers typically
responsive to immunotherapy as well as cancers that have
traditionally been regarded as non-immunogenic. Non-lim-
iting examples of preferred cancers for treatment include
NSCLC, MEL, RCC, CRC, CRPC, HCC, squamous cell
carcinoma of the head and neck, carcinomas of the esopha-
gus, ovary, gastrointestinal tract and breast, and a hemato-
logic malignancy. Although NSCLC is not generally con-
sidered responsive to immunotherapy, data disclosed herein
unexpectedly demonstrate that both squamous and non-
squamous NSCLC are responsive to treatment with an
anti-PD-1 Ab. Additionally, the disclosure provides for the
treatment of refractory or recurrent malignancies whose
growth may be inhibited using an anti-PD-1 Ab of the
invention.

Examples of cancers that may be treated using an anti-
PD-1 Ab in the methods of the present invention, based on
the indications of very broad applicability of anti-PD-1
immunotherapy provided herein, include liver cancer, bone
cancer, pancreatic cancer, skin cancer, cancer of the head or
neck, breast cancer, lung cancer, cutaneous or intraocular
malignant melanoma, renal cancer, uterine cancer, ovarian
cancer, colorectal cancer, colon cancer, rectal cancer, cancer
of the anal region, stomach cancer, testicular cancer, uterine
cancer, carcinoma of the fallopian tubes, carcinoma of the
endometrium, carcinoma of the cervix, carcinoma of the
vagina, carcinoma of the vulva, non-Hodgkin’s lymphoma,
cancer of the esophagus, cancer of the small intestine, cancer
of the endocrine system, cancer of the thyroid gland, cancer
of the parathyroid gland, cancer of the adrenal gland,
sarcoma of soft tissue, cancer of the urethra, cancer of the
penis, solid tumors of childhood, lymphocytic lymphoma,
cancer of the bladder, cancer of the kidney or ureter,
carcinoma of the renal pelvis, neoplasm of the central
nervous system (CNS), primary CNS lymphoma, tumor
angiogenesis, spinal axis tumor, brain stem glioma, pituitary
adenoma, Kaposi’s sarcoma, epidermoid cancer, squamous
cell cancer, environmentally induced cancers including
those induced by asbestos, hematologic malignancies
including, for example, multiple myeloma, B-cell lym-
phoma, Hodgkin lymphoma/primary mediastinal B-cell
lymphoma, non-Hodgkin’s lymphomas, acute myeloid lym-
phoma, chronic myelogenous leukemia, chronic lymphoid
leukemia, follicular lymphoma, diffuse large B-cell lym-
phoma, Burkitt’s lymphoma, immunoblastic large cell lym-
phoma, precursor B-lymphoblastic lymphoma, mantle cell
lymphoma, acute lymphoblastic leukemia, mycosis fungoi-
des, anaplastic large cell lymphoma, T-cell lymphoma, and
precursor T-lymphoblastic lymphoma, and any combina-
tions of said cancers. The present invention is also appli-
cable to treatment of metastatic cancers.

Medical Uses of Anti-PD-1 Abs

One aspect of this invention is the use of any anti-PD-1
Ab or antigen-binding portion thereof of the invention for

10

15

20

25

30

35

40

45

50

55

60

65

38

the preparation of a medicament for inhibiting signaling
from the PD-1/PD-L1 pathway so as to thereby potentiate an
endogenous immune response in a subject afflicted with
cancer. Another aspect is the use of any anti-PD-1 Ab or an
antigen-binding portion thereof of the invention for the
preparation of a medicament for immunotherapy of a subject
afflicted with cancer comprising disrupting the interaction
between PD-1 and PD-L.1. These uses for the preparation of
medicaments are broadly applicable to the full range of
cancers disclosed herein. In preferred embodiments of these
uses, the cancers include squamous NSCLC, non-squamous
NSCLC, MEL, RCC, CRC, CRPC, HCC, squamous cell
carcinoma of the head and neck, and carcinomas of the
esophagus, ovary, gastrointestinal tract and breast, and a
hematologic malignancy. This disclosure also provides
medical uses of any anti-PD-1 Ab or antigen-binding portion
thereof of the invention corresponding to all the embodi-
ments of the methods of treatment employing an anti-PD-1
Ab described herein.

The disclosure also provides an anti-PD-1 Ab or an
antigen-binding portion thereof of the invention for use in
treating a subject afllicted with cancer comprising potenti-
ating an endogenous immune response in the subject by
inhibiting signaling from the PD-1/PD-L1 pathway. The
disclosure further provides an anti-PD-1 Ab or an antigen-
binding portion thereof of the invention for use in immu-
notherapy of a subject afflicted with cancer comprising
disrupting the interaction between PD-1 and PD-L1. These
Abs may be used in potentiating an endogenous immune
response against, or in immunotherapy of, the full range of
cancers disclosed herein. In preferred embodiments, the
cancers include squamous NSCLC, non-squamous NSCLC,
MEL (e.g., metastatic malignant MEL), RCC, CRC, CRPC,
HCC, squamous cell carcinoma of the head and neck, and
carcinomas of the esophagus, ovary, gastrointestinal tract
and breast, and a hematologic malignancy.

Combination Therapy Including Anti-PD-1 Antibodies

Whereas monotherapy with anti-PD-1 and anti-PD-L1
Abs has been shown herein to significantly increase the
survival of patients with lung cancer, melanoma, kidney
cancer, and potentially other malignancies, preclinical data
indicate that synergistic treatment combinations based on
PD-1 pathway blockade could have even more potent
effects. Clinical evaluation of nivolumab combined with
ipilimumab (anti-CTLA-4), whose mechanism of action is
similar yet distinct from nivolumab’s (Parry et al., 2005;
Mellman et al., 2011; Topalian et al., 2012c), is ongoing and
results from a Phase 1 trial are provided herein (see, also,
NCTO01024231; NCT01844505; NCT01783938; Wolchok et
al., 2013a; Wolchok et al., 2013b; Hodi et al., 2013). Clinical
studies have also been initiated involving the administration
of nivolumab in combination with melanoma vaccines
(NCT01176461, NCT01176474; Weber et al., 2013), with
lirilumab (BMS-986015), a human IgG4 anti-KIR Ab, in
patients with advanced solid tumors (NCT01714739; San-
born et al., 2013), with cytokines, for example, IL.-21, in
patients with advanced or metastatic solid tumors
(NCT01629758; Chow et al., 2013), with chemotherapeutic
drugs, for example, with platinum-based doublet chemo-
therapy in  chemotherapy-naive =~ NSCLC  patients
(NCT01454102; Rizvi et al.,, 2013), and small-molecule
targeted therapies in patients with metastatic RCC
(NCT01472081; Amin et al., 2013).

In certain aspects, this disclosure relates to the combina-
tion of an anti-PD-1 Ab with different cancer treatments,
including chemotherapeutic regimes, radiation, surgery, hor-
mone deprivation and angiogenesis inhibitors, for the treat-
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ment of various cancers. PD-1 blockade may also be effec-
tively combined with an immunogenic agent, for example, a
preparation of cancerous cells, purified tumor antigens (in-
cluding recombinant proteins, peptides, and carbohydrate
molecules), antigen-presenting cells such as dendritic cells
bearing tumor-associated antigens, cells transfected with
genes encoding immune stimulating cytokines (He et al.,
2004), and/or another immunotherapeutic Ab (e.g., an anti-
CTLA-4, anti-PD-L1 and/or anti-LAG-3 Ab). Non-limiting
examples of tumor vaccines that can be used include pep-
tides of melanoma antigens, such as peptides of gpl00,
MAGE antigens, Trp-2, MART1 and/or tyrosinase, or tumor
cells transfected to express the cytokine GM-CSF.

Combination of Anti-PD-1 and Anti-CTLA-4 Abs to Treat
Advanced Melanoma

Given that immunologic checkpoints are non-redundant
and can inhibit T-cell activation, proliferation and effector
function within lymph nodes and/or the tumor microenvi-
ronment, and based on preclinical data that the combination
of anti-CTLA-4 and anti-PD-1 had a stronger anti-tumor
effect in mouse tumor models than either Ab alone (see U.S.
Pat. No. 8,008,449), the hypothesis that combined blockade
of CTLA-4 and PD-1 could produce greater anti-tumor
activity than single agents was tested in a clinical trial in
MEL patients (Example 15).

Although not formally compared in this study, the con-
current nivolumab/ipilimumab regimen, which comprised
achieved ORRs that exceed the rates achieved with either
nivolumab (Example 7) or ipilimumab alone (Hodi et al.,
2010). Most importantly, rapid and deep responses were
achieved in a substantial portion of treated patients, a “deep”
tumor response referring to a response in target lesions
characterized by a reduction of 80% or more from baseline
measurements by radiographic assessment. In the present
study, the majority of responding patients, including some
with extensive and bulky tumor burden, achieved >80%
tumor regression at the time of the initial tumor assessment.
Particularly striking was the observation that 31% of
response-evaluable patients treated with concurrent-regi-
mens (which comprise (i) an induction dosing schedule with
combined administration of the anti-PD-1 and anti-CTLA-4
Abs followed by administration of the anti-PD-1 Ab alone,
and (i) a maintenance dosing schedule comprising less
frequent combined administration of the anti-PD-1 and
anti-CTLA-4 Abs) demonstrated >80% tumor regression by
week 12. At the MTD for the concurrent regimen, all 9
responding patients demonstrated >80% tumor regression
with 3 CRs. In contrast, in clinical experience to date, <3%
of MEL patients who received nivolumab or ipilimumab at
3 mg/kg achieved a CR (Example 7; Hodi et al., 2010).
Thus, the overall activity of this immunotherapy combina-
tion in this preliminary phase 1 trial compares very favor-
ably with that of other agents approved or being developed
for advanced melanoma, including the targeted inhibitors of
activated kinases (Chapman et al., 2011). An additional
advantage of this combination is the durability of response
as demonstrated in the present study as well as longer-term
immunotherapy trials with nivolumab (as described herein)
and ipilimumab (Wolchok et al., 2013d).

These initial data suggest that rapid responses of a greater
magnitude may be achieved in patients treated with a
nivolumab/ipilimumab combination compared with the his-
torical experience of either agent alone. Responses were
generally durable, and were observed even in patients whose
treatment was terminated early because of toxicity.
Responding patients included those with elevated LDH,
MIc disease and bulky multi-focal tumor burden. Similar to
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prior reports regarding ipilimumab or nivolumab mono-
therapy, conventional ORRs may not fully capture the
spectrum of clinical activity and potential benefit in patients
treated with the concurrent nivolumab/ipilimumab regimen
in that a number of patients experienced either long-term SD
or unconventional immune-related patterns of response.
Indeed, even among the 7 patients in the concurrent regimen
with SD =24 weeks or irSD =224 weeks as best response, 6
demonstrated meaningful tumor regression of at least 19%,
and the seventh patient has declining tumor burden after
prolonged SD. Prior experience with checkpoint blockade
monotherapy supports the observation that some patients
may survive for extended periods of time with SD as the best
OR, lending credence to the hypothesis that re-establishment
of the equilibrium phase of immune surveillance is a desir-
able outcome (Screiber et al., 2011).

The observation that patients can achieve ORs when
treated sequentially with nivolumab after prior ipilimumab
indicates that lack of response to CTL.A-4 blockade does not
preclude clinical benefit from PD-1 blockade and further
supports the non-redundant nature of these co-inhibitory
pathways. Notably, data disclosed herein (Example 8) sug-
gest an association between the occurrence of response and
tumor PD-L1 expression in patients receiving nivolumab,
and prior data reveal a correlation between OS and increases
in peripheral ALC in patients treated with ipilimumab (Ber-
man et al., 2009; Ku et al., 2010; Postow et al., 2012; Delyon
et al., 2013). In the present study of the nivolumab/ipilim-
umab combination, clinical responses were observed in
patients irrespective of lymphocyte count or baseline tumor
PD-L1 expression (Example 17), suggesting that the
immune response generated by combination therapy has
unique features compared to either monotherapy, While the
data suggest that baseline tumor PD-L1 expression and
lymphocyte count may be less relevant in the setting of
active combination regimens capable of inducing rapid and
pronounced tumor regression, it is also notable that a dif-
ferent anti-PD-L.1 Ab (rabbit mAb 28-8 versus mouse SH1
mAb) was used in a different IHC assay to measure PD-L1
expression in the combination therapy study compared to the
nivolumab monotherapy study. In addition to changes in the
THC assay and Ab, the different results may also reflect
differences in biopsy samples and tumor heterogeneity. The
utility of PD-L1 expression as a biomarker for anti-PD-1
efficacy will be further evaluated prospectively in random-
ized phase 3 studies (see, e.g., NCT01721772,
NCTO01668784, and NCT01721746).

The spectrum of adverse events observed among patients
treated with the concurrent regimen was qualitatively similar
to experience with nivolumab or ipilimumab monotherapy,
although the rate of AEs was increased in patients treated
with the combination. Grade 3-4 treatment-related AEs were
observed in 53% of patients treated with the concurrent
nivolumab/ipilimumab regimen, compared with historical
rates of 20% in patients treated with ipilimumab mono-
therapy (Hodi et al., 2010) and 17% in patients treated with
nivolumab alone (Example 5) at a dose of 3 mg/kg. In the
sequenced-regimen cohorts, 18% of patients experienced
grade 3-4 treatment-related AFEs. AEs experienced by
patients treated with the concurrent and sequenced regimens
were manageable and/or generally reversible using existing
treatment algorithms.

Collectively, these results suggest that nivolumab and
ipilimumab can be administered concurrently with a man-
ageable safety profile and leading to durable clinical
responses. More rapid and deeper clinical tumor responses
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were observed in patients treated with the combination
compared with the responses obtained with either single
agent.

As of the February 2013 clinical cut-off date for the study
described in Example 15, of the 52 subjects on the concur-
rent regimen evaluable for response, 21 (40%) had an OR by
modified World Health Organization (mWHO) criteria
(Wolchok et al., 2009). In an additional 2 subjects (4%),
there was an unconfirmed OR. In Cohort 1 (0.3 mg/kg
nivolumab plus 3 mg/kg ipilimumab), 3 out of 14 evaluable
subjects had an OR by mWHO (ORR: 21%, including 1 CR
and 2 PRs). In Cohort 2 (1 mg/kg nivolumab plus 3 mg/kg
ipilimumab), 9 out of 17 evaluable subjects had an OR by
mWHO (ORR: 53%; including 3 CRs and 6 PRs). In Cohort
2a (3 mg/kg nivolumab plus 1 mg/kg ipilimumab), 6 out of
15 response evaluable subjects had an OR by mWHO (ORR:
40%; including 1 CR and 5 PRs). In Cohort 3 (3 mg/kg
nivolumab plus 3 mg/kg ipilimumab), 3 out of 6 evaluable
subjects had an objective response by mWHO (ORR: 50%,
including 3 PRs). Based on these data, the invention dis-
closed herein includes a method for treating a subject
afflicted with a cancer comprising administering to the
subject: (a) an Ab or an antigen-binding portion thereof that
specifically binds to and inhibits PD-1; and (b) an Ab or an
antigen-binding portion thereof that specifically binds to and
inhibits CTLA-4; each Ab being administered at a dosage
ranging from 0.1 to 20.0 mg/kg body weight in a concurrent
regimen comprising: (i) an induction dosing schedule com-
prising combined administration of the anti-PD-1 and anti-
CTLA-4 Abs at a dosing frequency of at least once every 2,
3 or 4 weeks, or at least once a month, for at least 2, 4, 6,
8 or 10 doses, followed by administration of the anti-PD-1
Ab alone at a dosing frequency of at least once every 2, 3 or
4 weeks, or at least once a month, for at least 2, 4, 6, 8 or
12 doses; followed by (ii) a maintenance dosing schedule
comprising combined administration of the anti-PD-1 and
anti-CTLA-4 Abs at a dosing frequency of at least once
every 8, 12 or 16 weeks, or at least once a quarter, for at least
4,6, 8, 10, 12 or 16 doses, or for as long as clinical benefit
is observed, or until unmanageable toxicity or disease pro-
gression occurs.

In certain embodiments of this method, the maintenance
dosing schedule comprises combined administration of up to
4, 6,8, 10, 12 or 16 doses of the anti-PD-1 and anti-CTLA-4
Abs. In other embodiments, the concurrent regimen com-
prises: (i) an induction dosing schedule comprising com-
bined administration of the anti-PD-1 and anti-CTLA-4 Abs
at a dosing frequency of once every 2, 3 or 4 weeks, or once
a month, for 2, 4, 6 or 8 doses, followed by administration
of the anti-PD-1 Ab alone at a dosing frequency of once
every 2, 3 or 4 weeks, or once a month, for 2, 4, 6, 8 or 12
doses; followed by (ii)) a maintenance dosing schedule
comprising combined administration of the anti-PD-1 and
anti-CTLA-4 Abs at a dosing frequency of once every 8, 12
or 16 weeks, or once a quarter, for 4, 6, 8, 10, 12 or 16 doses,
or for as long as clinical benefit is observed, or until
unmanageable toxicity or disease progression occurs. In
certain other embodiments, each of the anti-PD-1 and anti-
CTLA-4 Abs is individually administered at a dosage 0of 0.1,
0.3,0.5,1, 3, 5, 10 or 20 mg/kg. In further embodiments, the
dosage of each of the anti-PD-1 and anti-CTLA-4 Abs is
kept constant during the induction dosing schedule and the
maintenance dosing schedule. In yet other embodiments, the
anti-PD-1 and anti-CTLA-4 Abs are administered at the
following dosages: (a) 0.1 mg/kg anti-PD-1 Ab and 3 mg/kg
of anti-CTLA-4 Ab; (b) 0.3 mg/kg anti-PD-1 Ab and 3
mg/kg of anti-CTLA-4 Ab; (¢) 1 mg/kg anti-PD-1 Ab and 3
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mg/kg of anti-CTLA-4 Ab; (d) 3 mg/kg anti-PD-1 Ab and 3
mg/kg of anti-CTLA-4 Ab; (e) 5 mg/kg anti-PD-1 Ab and 3
mg/kg of anti-CTLA-4 Ab; (f) 10 mg/kg anti-PD-1 Ab and
3 mg/kg of anti-CTLA-4 Ab; (g) 0.1 mg/kg anti-PD-1 Ab
and 1 mg/kg of anti-CTLA-4 Ab; (h) 0.3 mg/kg anti-PD-1
Ab and 1 mg/kg of anti-CTLA-4 Ab; (i) 1 mg/kg anti-PD-1
Ab and 1 mg/kg of anti-CTLA-4 Ab; (j) 3 mg/kg anti-PD-1
Ab and 1 mg/kg of anti-CTLA-4 Ab; (k) S mg/kg anti-PD-1
Ab and 1 mg/kg of anti-CTLA-4 Ab; or (1) 10 mgkg
anti-PD-1 Ab and 1 mg/kg of anti-CTLA-4 Ab.

In the protocol described in Example 15, the 3 mg/kg
nivolumab plus 3 mg/kg ipilimumab dosing regimen
exceeded the MTD (though combinations with ipilimumab
and other anti-PD-1 Abs may have a higher or lower MTD),
whereas both Cohort 2 (1 mg/kg nivolumab plus 3 mg/kg
ipilimumab) and Cohort 2a (3 mg/kg nivolumab plus 1
mg/kg ipilimumab) had similar clinical activity. In addition,
the majority of responses to the combination of nivolumab
and ipilimumab occurred in the first 12 weeks. Given the
uncertainty of whether the ipilimumab administered past
week 12 contributes to the clinical benefit and the fact that
the U.S. Food and Drug Administration (FDA)- and Euro-
pean Medicines Agency (EMA)-approved schedule for ipi-
limumab is every 3 weeks for a total of four doses, in a
preferred embodiment the anti-CTLA-4 Ab is administered
during the induction dosing schedule once every 3 weeks for
a total of 4 doses. Monotherapy treatment with nivolumab at
3 mg/kg every two weeks until progression has been shown
to be associated with durable responses (Examples 4-7), and
a maintenance dosing schedule comprising administration of
nivolumab every 12 weeks has been shown to be efficacious
(Example 15). Thus, starting at week 12, which is after the
completion of the four doses of combined nivolumab and
ipilimumab, nivolumab at 3 mg/kg may be administered
every 2 to at least 12 weeks until progression. Accordingly,
in preferred embodiments of the concurrent regimen
method, the anti-PD-1 and anti-CTLA-4 Abs are adminis-
tered at dosages of: (a) 1 mg/kg anti-PD-1 Ab and 3 mg/kg
of anti-CTLA-4 Ab; or (b) 3 mg/kg anti-PD-1 Ab and 1
mg/kg of anti-CTLA-4 Ab, and the concurrent regimen
further comprises: (i) an induction dosing schedule com-
prising combined administration of the anti-PD-1 and anti-
CTLA-4 Abs at a dosing frequency of once every 3 weeks
for 4 doses, followed by administration of the anti-PD-1
alone at a dosing frequency of once every 3 weeks for 4
doses; followed by (ii) a maintenance dosing schedule
comprising combined administration of the anti-PD-1 and
anti-CTLA-4 antibodies at a dosing frequency of once every
2 to 12 or more weeks for up to 8 doses, or for as long as
clinical benefit is observed, or until unmanageable toxicity
or disease progression occurs.

Exposure-response analysis of nivolumab monotherapy
across dose ranges of 1 mg/kg to 10 mg/kg reveals similar
clinical activity (Example 7) while exposure-response
analysis of 0.3 mg/kg, 3 mg/kg, and 10 mg/kg of ipilimumab
monotherapy has demonstrated increasing activity with
increase in dose in a phase 2 trial (Wolchok et al., 2010).
Therefore, a dose of 3 mg/kg of ipilimumab (Cohort 2) may
be more clinically impactful than selection of 3 mg/kg of
nivolumab (Cohort 2a). Thus, in more preferred embodi-
ments of the concurrent regimen method, the anti-PD-1 and
anti-CTLA-4 Abs are administered at dosages of 1 mg/kg
anti-PD-1 Ab and 3 mg/kg of anti-CTLA-4 Ab.

In certain embodiments of the present methods, the anti-
PD-1 and anti-CTLA-4 Abs are formulated for intravenous
administration. In certain other embodiments, when the
anti-PD-1 and anti-CTLA-4 Abs are administered in com-
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bination, they are administered within 30 minutes of each
other. Either Ab may be administered first, that is, in certain
embodiments, the anti-PD-1 Ab is administered before the
anti-CTLA-4 Ab, whereas in other embodiments, the anti-
CTLA-4 Ab is administered before the anti-PD-1 Ab. Typi-
cally, each Ab is administered intravenously over a period of
60 minutes. In further embodiments, the anti-PD-1 and
anti-CTLA-4 Abs are administered concurrently, either
admixed as a single composition in a pharmaceutically
acceptable formulation for concurrent administration, or
concurrently as separate compositions with each Ab in a
pharmaceutically acceptable formulation.

Data disclosed in Example 7 demonstrate that immuno-
therapy with nivolumab produced significant clinical activ-
ity in MEL patients who were unresponsive to prior ipili-
mumab therapy. Accordingly, this disclosure provides a
sequenced regimen method for treating a subject afflicted
with a cancer, the subject having previously been treated
with an anti-CTLA-4 Ab, which method comprises admin-
istering to the subject an Ab or an antigen-binding portion
thereof that specifically binds to and inhibits PD-1 at a
dosage ranging from 0.1 to 20.0 mg/kg body weight and at
a dosing frequency of at least once every week, at least once
every 2, 3 or 4 weeks, or at least once a month, for up to 6
to up to 72 doses, or for as long as clinical benefit is
observed, or until unmanageable toxicity or disease progres-
sion occurs. In certain embodiments of this method, admin-
istration of the anti-PD-1 Ab to the subject is initiated within
1-24 weeks after last treatment with the anti-CTLA-4 Ab. In
other embodiments, administration of the anti-PD-1 Ab to
the subject is initiated within 1, 2, 4, 8, 12, 16, 20 or 24
weeks after last treatment with the anti-CTLA-4 Ab. In
preferred embodiments, administration of the anti-PD-1 Ab
is initiated within 4, 8 or 12 weeks after last treatment of the
subject with the anti-CTLA-4 Ab. Certain embodiments of
the method comprise administering the anti-PD-1 Ab at a
dosage of 0.1-20 mg/kg, e.g., 0.1, 0.3, 0.5, 1, 3, 5, 10 or 20
mg/kg. In preferred embodiments, the anti-PD-1 Ab is
administered at a dosage of 1 or 3 mg/kg. In certain
embodiments, the sequenced regimen comprises adminis-
tering the anti-PD-1 Ab to the subject at a dosing frequency
of once every week, once every 2, 3 or 4 weeks, or once a
month for 6 to 72 doses, or for as long as clinical benefit is
observed, or until unmanageable toxicity or disease progres-
sion occurs. In preferred embodiments, the anti-PD-1 is
administered at a dosage of 1 or 3 mg/kg at a dosing
frequency of once every 2 weeks for up to 48 doses. In other
preferred embodiments, the anti-PD-1 Ab is formulated for
intravenous administration.

In certain aspects of any of the present concurrent or
sequenced regimen methods, the treatment produces at least
one therapeutic effect chosen from a reduction in size and/or
growth of a tumor, elimination of the tumor, reduction in
number of metastatic lesions over time, complete response,
partial response, and stable disease. Based on the broad
spectrum of cancers in which nivolumab has shown clinical
response, the present combination therapy methods are also
applicable to diverse cancers. Examples of cancers that may
be treated by these methods include liver cancer, bone
cancer, pancreatic cancer, skin cancer, cancer of the head or
neck, breast cancer, lung cancer, cutaneous or intraocular
malignant melanoma, renal cancer, uterine cancer, ovarian
cancer, colorectal cancer, colon cancer, rectal cancer, cancer
of the anal region, stomach cancer, testicular cancer, uterine
cancer, carcinoma of the fallopian tubes, carcinoma of the
endometrium, carcinoma of the cervix, carcinoma of the
vagina, carcinoma of the vulva, non-Hodgkin’s lymphoma,

5

10

15

20

25

30

35

40

45

50

55

60

65

44

cancer of the esophagus, cancer of the small intestine, cancer
of the endocrine system, cancer of the thyroid gland, cancer
of the parathyroid gland, cancer of the adrenal gland,
sarcoma of soft tissue, cancer of the urethra, cancer of the
penis, solid tumors of childhood, cancer of the bladder,
cancer of the kidney or ureter, carcinoma of the renal pelvis,
neoplasm of the CNS, primary CNS lymphoma, tumor
angiogenesis, spinal axis tumor, brain stem glioma, pituitary
adenoma, Kaposi’s sarcoma, epidermoid cancer, squamous
cell cancer, environmentally induced cancers including
those induced by asbestos, hematologic malignancies
including, for example, multiple myeloma, B-cell lym-
phoma, Hodgkin lymphoma/primary mediastinal B-cell
lymphoma, non-Hodgkin’s lymphomas, acute myeloid lym-
phoma, chronic myelogenous leukemia, chronic lymphoid
leukemia, lymphocytic lymphoma, follicular lymphoma,
diffuse large B-cell lymphoma, Burkitt’s lymphoma, immu-
noblastic large cell lymphoma, precursor B-lymphoblastic
lymphoma, mantle cell lymphoma, acute lymphoblastic leu-
kemia, mycosis fungoides, anaplastic large cell lymphoma,
T-cell lymphoma, and precursor T-lymphoblastic lym-
phoma, and any combinations of said cancers. The present
invention is also applicable to treatment of metastatic,
refractory or recurring cancers. In preferred embodiments,
the cancer to be treated is chosen from MEL, RCC,
squamous NSCLC, non-squamous NSCLC, CRC, CRPC,
OV, GC, HCC, PC, squamous cell carcinoma of the head and
neck, carcinomas of the esophagus, gastrointestinal tract and
breast, and a hematological malignancy. In more preferred
embodiments, the cancer is MEL.

In certain embodiments, the subject has been pre-treated
for the cancer. For example, the patient may have been
treated with 1 or 2 or more prior systemic regimens of the
type described herein as standard-of-care therapeutics. In
certain other embodiments, the cancer is an advanced,
recurring, metastatic and/or refractory cancer. In preferred
embodiments, the concurrent or sequenced regimen treat-
ment induces a durable clinical response in the subject. In
preferred embodiments, the subject is a human, the anti-
PD-1 Ab inhibits human PD-1, and the anti-CTLA-4 Ab
inhibits human CTLA-4.

The anti-PD-1 Ab used in the present methods may be any
therapeutic anti-PD-1 Ab of the invention. In preferred
embodiments, the anti-PD-1 Ab is a mAb, which may be a
chimeric, humanized or human Ab. In certain embodiments,
the anti-PD-1 Ab comprises the CDR1, CDR2 and CDR3
domains in the heavy chain variable region and the CDR1,
CDR2 and CDR3 domains in the light chain variable region
of 17D8, 2D3, 4H1, 5C4 (nivolumab), 4A11, 7D3 or 5F4,
respectively, as described and characterized in U.S. Pat. No.
8,008,449. In further embodiments, the anti-PD-1 Ab com-
prises the heavy and light chain variable regions of 17D8,
2D3, 4H1, 5C4 (nivolumab), 4A11, 7D3 or 5F4, respec-
tively. In additional embodiments, the anti-PD-1 Ab is 17D8,
2D3, 4H1, 5C4 (nivolumab), 4A11, 7D3 or 5F4. In preferred
embodiments, the anti-PD-1 Ab is nivolumab.

Anti-CTLA-4 antibodies of the instant invention bind to
human CTLA-4 so as to disrupt the interaction of CTLA-4
with a human B7 receptor. Because the interaction of
CTLA-4 with B7 transduces a signal leading to inactivation
of T-cells bearing the CTLA-4 receptor, disruption of the
interaction effectively induces, enhances or prolongs the
activation of such T cells, thereby inducing, enhancing or
prolonging an immune response. Anti-CTLA-4 Abs are
described in, for example, U.S. Pat. Nos. 6,051,227, 7,034,
121 in PCT Application Publication Nos. WO 00/37504 and
WO 01/14424. An exemplary clinical anti-CTLA-4 Ab is the
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human mAb 10D1 (now known as ipilimumab and marketed
as YERVOY®) as disclosed in U.S. Pat. No. 6,984,720. In
certain aspects of any of the present methods, the anti-
CTLA-4 Ab is a mAb. In certain other embodiments, the
anti-CTLA-4 antibody is a chimeric, humanized or human
antibody. In preferred embodiments, the anti-CTLA-4 anti-
body is ipilimumab.

This disclosure also provides the use of an anti-PD-1 Ab
or an antigen-binding portion thereof in combination with an
anti-CTLA-4 Ab or an antigen-binding portion thereof for
the preparation of a co-administered medicament for treating
a subject afflicted with a cancer in a concurrent regimen,
wherein the anti-PD-1 and anti-CTLA-4 Abs are each
administered at a dosage ranging from 0.1 to 20.0 mg/kg
body weight, and further wherein the concurrent regimen
comprises: (i) an induction dosing schedule comprising
combined administration of the anti-PD-1 and anti-CTLA-4
Abs at a dosing frequency of at least once every 2, 3 or 4
weeks, or at least once a month, for at least 2, 4, 6, 8 or 12
doses, followed by administration of the anti-PD-1 Ab alone
at a dosing frequency of at least once every 2, 3 or 4 weeks,
or at least once a month, for at least 2, 4, 6, 8 or 10 doses;
followed by (ii) a maintenance dosing schedule comprising
combined administration of the anti-PD-1 and anti-CTLA-4
Abs at a dosing frequency of at least once every 8, 12 or 16
weeks, or at least once a quarter, for up to 4, 6, 8, 10, 12 or
16 doses, or for as long as clinical benefit is observed, or
until unmanageable toxicity or disease progression occurs.
The disclosure provides uses of the combination of anti-
PD-1 and anti-CTLA-4 Abs for the preparation of co-
administered medicaments corresponding to all the embodi-
ments of the methods of treatment employing these Abs
described herein, and are broadly applicable to the full range
of cancers disclosed herein.

The disclosure also provides an anti-PD-1 Ab or an
antigen-binding portion thereof for use in combination with
an anti-CTLA-4 Ab or an antigen-binding portion thereof for
treating a subject afflicted with a cancer in a concurrent
regimen, wherein the anti-PD-1 and anti-CTLA-4 Abs are
each administered at a dosage ranging from 0.1 to 20.0
mg/kg body weight, and further wherein the concurrent
regimen comprises: (i) an induction dosing schedule com-
prising combined administration of the anti-PD-1 and anti-
CTLA-4 antibodies at a dosing frequency of at least once
every 2, 3 or 4 weeks, or at least once a month, for at least
2, 4, 6, 8 or 12 doses, followed by administration of the
anti-PD-1 alone at a dosing frequency of at least once every
2, 3 or 4 weeks, or at least once a month, for at least 2, 4,
6, 8 or 10 doses; followed by (ii) a maintenance dosing
schedule comprising combined administration of the anti-
PD-1 and anti-CTLA-4 antibodies at a dosing frequency of
at least once every 8, 12 or 16 weeks, or at least once a
quarter, for up to 4, 6, 8, 10, 12 or 16 doses, or for as long
as clinical benefit is observed, or until unmanageable tox-
icity or disease progression occurs.

Methods for screening a patient population and selecting
a patient as suitable for immunotherapy with the combina-
tion of anti-PD-1 and anti-CTLA-4 using the concurrent or
sequenced regimens, and methods of predicting efficacy of
the Ab combination, based on a PD-L1 biomarker assay are
performed as described for anti-PD-1 monotherapy, to the
extent this biomarker is applicable to combination therapy
with anti-PD-1 and anti-CTLA-4 Abs.

The disclosure additionally provides a kit for treating a
subject afflicted with a cancer, the kit comprising: (a) a
dosage ranging from 0.1 to 20.0 mg/kg body weight of an Ab
or an antigen-binding portion thereof that specifically binds
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to and inhibits PD-1; (b) a dosage ranging from 0.1 to 20.0
mg/kg of an Ab or an antigen-binding portion thereof that
specifically binds to and inhibits CTLA-4; and (c) instruc-
tions for using the combination of the anti-PD-1 and anti-
CTLA-4 antibodies in any of the concurrent regimen meth-
ods. In certain embodiments, some of the dosages of the
anti-PD-1 and anti-CTLA-4 Abs are admixed within a single
pharmaceutical formulation for concurrent administration.
In other embodiments, the dosages of the anti-PD-1 and
anti-CTLA-4 Abs are formulated as separate compositions
with each Ab in a pharmaceutically acceptable formulation.

The disclosure further provides a kit for treating a subject
afflicted with a cancer, the kit comprising: (a) a dosage
ranging from 0.1 to 20.0 mg/kg body weight of an Ab or an
antigen-binding portion thereof that specifically binds to and
inhibits PD-1; and (b) instructions for using the anti-PD-1
Ab in any of the sequenced regimen methods.

A combined PD-1 and CTLA-4 blockade may also be
further combined with standard cancer treatments. For
example, a combined PD-1 and CTLA-4 blockade may be
effectively combined with chemotherapeutic regimes, for
example, further combination with dacarbazine or IL-2, for
the treatment of MEL. In these instances, it may be possible
to reduce the dose of the chemotherapeutic reagent. The
scientific rationale behind the combined use of PD-1 and
CTLA-4 blockade with chemotherapy is that cell death,
which is a consequence of the cytotoxic action of most
chemotherapeutic compounds, should result in increased
levels of tumor antigen in the antigen presentation pathway.
Other combination therapies that may result in synergy with
a combined PD-1 and CTLA-4 blockade through cell death
include radiation, surgery, or hormone deprivation. Each of
these protocols creates a source of tumor antigen in the host.
Angiogenesis inhibitors may also be combined with a com-
bined PD-1 and CTLA-4 blockade. Inhibition of angiogen-
esis leads to tumor cell death, which may also be a source
of tumor antigen to be fed into host antigen presentation
pathways.

Immunotherapy of Cancer Patients Using an Anti-PD-L1
Antibody

PD-L1 is the primary PD-1 ligand up-regulated within
solid tumors, where it can inhibit cytokine production and
the cytolytic activity of PD-1-positive, tumor-infiltrating
CD4* and CD8" T-cells, respectively (Dong et al., 2002;
Hino et al., 2010; Taube et al., 2012). These properties make
PD-L1 a promising target for cancer immunotherapy. The
clinical trials of anti-PD-L1 immunotherapy described in the
Examples demonstrate for the first time that mAb blockade
of the immune inhibitory ligand, PD-L1, produces both
durable tumor regression and prolonged (=24 weeks) disease
stabilization in patients with metastatic NSCL.C, MEL, RCC
and OV, including those with extensive prior therapy. The
human anti-PD-L.1 HuMAb, BMS-936559, had a favorable
safety profile overall at doses up to and including 10 mg/kg,
as is evident from the low (9%) incidence of grade 3-4
drug-related AEs. These findings are consistent with the
mild autoimmune phenotype seen in PD-L1~"~ mice (Dong
et al., 2004) and the more severe hyperproliferation seen in
CTLA-4""~ mice relative to PD-1~"~ mice (Phan et al., 2003;
Tivol et al., 1995; Nishimura et al., 1999). Most of the
toxicities associated with anti-PD-L1 administration in
patients were immune-related, suggesting on-target effects.
The spectrum and frequency of adverse events of special
interest (AEOSIs) is somewhat different between anti-PD-
L1 and anti-CTLA-4, emphasizing the distinct biology of
these pathways (Ribas et al., 2005). Infusion reactions were
observed with BMS-936559, although they were mild in
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most patients. Severe colitis, a drug-related AE observed in
ipilimumab-treated patients (Beck et al., 2006), was infre-
quently noted with anti-PD-L1.

As noted above for anti-PD-1 immunotherapy, another
important feature of anti-PD-L1 therapy is the durability of
responses across multiple tumor types. This is particularly
notable considering the advanced disease and prior treat-
ment of patients on the current study. Although not com-
pared directly, this durability appears greater than that
observed with most chemotherapies and kinase inhibitors
used to treat these cancers.

Because peripheral blood T-cells express PD-L1, it is
possible to assess in vivo RO by BMS-963559 as a phar-
macodynamic measure. Median RO was 65.8%, 66.2%, and
72.4% for the doses tested. Whereas these studies provide a
direct assessment and evidence of target engagement in
patients treated with BMS-936559, relationships between
RO in peripheral blood and the tumor microenvironment
remain poorly understood.

Based on the clinical data disclosed herein, this disclosure
provides a method for immunotherapy of a subject afflicted
with cancer, which method comprises administering to the
subject a composition comprising a therapeutically effective
amount of an anti-PD-L.1 Ab of the invention or an antigen-
binding portion thereof. The disclosure also provides a
method of inhibiting growth of tumor cells in a subject,
comprising administering to the subject an anti-PD-L.1 Ab of
the invention or an antigen-binding portion thereof. In
preferred embodiments, the subject is a human. In certain
embodiments, the Ab or antigen-binding portion thereof is
of an IgG1 or IgG4 isotype. In other embodiments, the Ab
or antigen-binding portion thereof is a mAb or an antigen-
binding portion thereof. In further embodiments, the Ab or
antigen-binding portion thereof is a chimeric, humanized or
human Ab or an antigen-binding portion thereof. In pre-
ferred embodiments for treating a human patient, the Ab or
antigen-binding portion thereof is a human Ab or an antigen-
binding portion thereof.

Clinical trials described in the Examples employed the
anti-PD-L1 HuMAb BMS-936559 to treat cancer. While
BMS-936559 (designated HUMADb 12A4 in U.S. Pat. No.
7,943,743) was selected as the lead anti-PD-L1 Ab for
entering the clinic, it is notable that several anti-PD-L.1 Abs
of the invention share with 12A4 functional properties that
are important to the therapeutic activity of 12A4, including
high affinity binding specifically to human PD-L1, increas-
ing T-cell proliferation, IL-2 secretion and interferon-y pro-
duction in an MLR assay, inhibiting the binding of PD-L.1 to
PD-1, and reversing the suppressive effect of T regulatory
cells on T cell effector cells and/or dendritic cells. Moreover,
certain of the anti-PD-L.1 Abs of the invention, namely
1B12, 7H1 and 12B7 are structurally related to 12A4 in
comprising V,; and V_ regions that have sequences derived
from V,; 1-69 and V_ L6 germline sequences, respectively.
In addition, at least 12B7, 3G10, 1B12 and 13G4 cross-
compete with 12A4 for binding to the same epitope region
of hPD-L1, whereas SF8 and 10A5 may bind to the same or
an overlapping epitope region as 12A4 (Examples 2 and 3).
Thus, the preclinical characterization of 12A4 and other
anti-PD-L.1 HuMabs indicate that the methods of treating
cancer provided herein may be performed using any of the
broad genus of anti-PD-L.1 Abs of the invention.

Accordingly, this disclosure provides immunotherapy
methods comprising administering to a patient an anti-PD-
L1 Ab or antigen-binding portion thereof comprising (a) a
heavy chain variable region that comprises consecutively
linked amino acids having a sequence derived from a human
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V; 1-18 germline sequence, and a light chain variable region
that comprises consecutively linked amino acids having a
sequence derived from a human V,. L6 germline sequence;
(b) a heavy chain variable region that comprises consecu-
tively linked amino acids having a sequence derived from a
human V,, 1-69 germline sequence, and a light chain vari-
able region that comprises consecutively linked amino acids
having a sequence derived from a human V L6 germline
sequence; (c) a heavy chain variable region that comprises
consecutively linked amino acids having a sequence derived
from a human V,, 1-3 germline sequence, and a light chain
variable region that comprises consecutively linked amino
acids having a sequence derived from a human V, L15
germline sequence; (d) a heavy chain variable region that
comprises consecutively linked amino acids having a
sequence derived from a human V, 1-69 germline sequence,
and a light chain variable region that comprises consecu-
tively linked amino acids having a sequence derived from a
human V,_ A27 germline sequence; (e) a heavy chain vari-
able region that comprises consecutively linked amino acids
having a sequence derived from a human V 3-9 germline
sequence, and a light chain variable region that comprises
consecutively linked amino acids having a sequence derived
from a human V. L15germline sequence; or (f) a heavy
chain variable region that comprises consecutively linked
amino acids having a sequence derived from a human V
3-9 germline sequence, and a light chain variable region that
comprises consecutively linked amino acids having a
sequence derived from a human V,. L18 germline sequence.

In certain embodiments, the anti-PD-L1 Ab or antigen-
binding portion thereof administered to the patient cross-
competes for binding to PD-L.1 with a reference Ab or a
reference antigen-binding portion thereof comprising: (a) a
human heavy chain variable region comprising consecu-
tively linked amino acids having the sequence set forth in
SEQ ID NO: 15 and a human light chain variable region
comprising consecutively linked amino acids having the
sequence set forth in SEQ ID NO: 25; (b) a human heavy
chain variable region comprising consecutively linked
amino acids having the sequence set forth in SEQ ID NO: 16
and a human light chain variable region comprising con-
secutively linked amino acids having the sequence set forth
in SEQ ID NO: 26; (¢) a human heavy chain variable region
comprising consecutively linked amino acids having the
sequence set forth in SEQ ID NO: 17 and a human light
chain variable region comprising consecutively linked
amino acids having the sequence set forth in SEQ ID NO:
27; (d) a human heavy chain variable region comprising
consecutively linked amino acids having the sequence set
forth in SEQ ID NO: 18 and a human light chain variable
region comprising consecutively linked amino acids having
the sequence set forth in SEQ ID NO: 28; (e) a human heavy
chain variable region comprising consecutively linked
amino acids having the sequence set forth in SEQ ID NO: 19
and a human light chain variable region comprising con-
secutively linked amino acids having the sequence set forth
in SEQ ID NO: 29; (f) a human heavy chain variable region
comprising consecutively linked amino acids having the
sequence set forth in SEQ ID NO: 20 and a human light
chain variable region comprising consecutively linked
amino acids having the sequence set forth in SEQ ID NO:
30; (g) a human heavy chain variable region comprising
consecutively linked amino acids having the sequence set
forth in SEQ ID NO: 21 and a human light chain variable
region comprising consecutively linked amino acids having
the sequence set forth in SEQ ID NO: 31; (h) a human heavy
chain variable region comprising consecutively linked
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amino acids having the sequence set forth in SEQ ID NO: 22
and a human light chain variable region comprising con-
secutively linked amino acids having the sequence set forth
in SEQ ID NO: 32; (i) a human heavy chain variable region
comprising consecutively linked amino acids having the
sequence set forth in SEQ ID NO: 23 and a human light
chain variable region comprising consecutively linked
amino acids having the sequence set forth in SEQ ID NO:
33; or (j) a human heavy chain variable region comprising
consecutively linked amino acids having the sequence set
forth in SEQ ID NO: 24 and a human light chain variable
region comprising consecutively linked amino acids having
the sequence set forth in SEQ ID NO: 34. In preferred
embodiments, the Ab or antigen-binding portion thereof
cross-competes for binding to PD-1 with a reference Ab or
reference antigen-binding portion thereof comprising a
human heavy chain variable region comprising consecu-
tively linked amino acids having the sequence set forth in
SEQ ID NO: 16 and a human light chain variable region
comprising consecutively linked amino acids having the
sequence set forth in SEQ ID NO: 26.

In certain preferred embodiments of the immunotherapy
methods disclosed herein, the anti-PD-L.1 Ab or antigen-
binding portion thereof administered to the subject com-
prises: (a) a human heavy chain variable region comprising
consecutively linked amino acids having the sequence set
forth in SEQ ID NO: 15 and a human light chain variable
region comprising consecutively linked amino acids having
the sequence set forth in SEQ ID NO: 25; (b) a human heavy
chain variable region comprising consecutively linked
amino acids having the sequence set forth in SEQ ID NO: 16
and a human light chain variable region comprising con-
secutively linked amino acids having the sequence set forth
in SEQ ID NO: 26; (¢) a human heavy chain variable region
comprising consecutively linked amino acids having the
sequence set forth in SEQ ID NO: 17 and a human light
chain variable region comprising consecutively linked
amino acids having the sequence set forth in SEQ ID NO:
27; (d) a human heavy chain variable region comprising
consecutively linked amino acids having the sequence set
forth in SEQ ID NO: 18 and a human light chain variable
region comprising consecutively linked amino acids having
the sequence set forth in SEQ ID NO: 28; (e) a human heavy
chain variable region comprising consecutively linked
amino acids having the sequence set forth in SEQ ID NO: 19
and a human light chain variable region comprising con-
secutively linked amino acids having the sequence set forth
in SEQ ID NO: 29; (f) a human heavy chain variable region
comprising consecutively linked amino acids having the
sequence set forth in SEQ ID NO: 20 and a human light
chain variable region comprising consecutively linked
amino acids having the sequence set forth in SEQ ID NO:
30; (g) a human heavy chain variable region comprising
consecutively linked amino acids having the sequence set
forth in SEQ ID NO: 21 and a human light chain variable
region comprising consecutively linked amino acids having
the sequence set forth in SEQ ID NO: 31; (h) a human heavy
chain variable region comprising consecutively linked
amino acids having the sequence set forth in SEQ ID NO: 22
and a human light chain variable region comprising con-
secutively linked amino acids having the sequence set forth
in SEQ ID NO: 32; (i) a human heavy chain variable region
comprising consecutively linked amino acids having the
sequence set forth in SEQ ID NO: 23 and a human light
chain variable region comprising consecutively linked
amino acids having the sequence set forth in SEQ ID NO:
33; or (j) a human heavy chain variable region comprising
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consecutively linked amino acids having the sequence set
forth in SEQ ID NO: 24 and a human light chain variable
region comprising consecutively linked amino acids having
the sequence set forth in SEQ ID NO: 34. In more preferred
embodiments, the anti-PD-L1 Ab or antigen-binding portion
comprises a human heavy chain variable region comprising
consecutively linked amino acids having the sequence set
forth in SEQ ID NO: 16 and a human light chain variable
region comprising consecutively linked amino acids having
the sequence set forth in SEQ ID NO: 26.

Broad Spectrum of Cancers Treatable by Anti-PD-L1
Immunotherapy

The clinical activity of anti-PD-L1 in patients with
advanced NSCLC, similar to the activity of anti-PD-1 in
these patients, was surprising and unexpected since NSCLC
has been considered to be poorly responsive to immune-
based therapies (Holt and Disis, 2008; Holt et al., 2011). The
present clinical data obtained with BMS-936559, an anti-
PD-L1 Ab of the invention, substantiate and extend the
evidence obtained using the anti-PD-1 Ab that immuno-
therapy based on PD-1 blockade is not applicable only to
“immunogenic” tumor types, such as MEL and RCC, but is
also effective with a broad range of cancers, including
treatment-refractory metastatic NSCLC, that are generally
not considered to be immune-responsive. Preferred cancers
that may be treated using the anti-PD-L1 Abs of the inven-
tion include MEL (e.g., metastatic malignant melanoma),
RCC, squamous NSCLC, non-squamous NSCLC, CRC,
ovarian cancer (OV), gastric cancer (GC), breast cancer
(BC), pancreatic carcinoma (PC) and carcinoma of the
esophagus. Additionally, the invention includes refractory or
recurrent malignancies whose growth may be inhibited
using the anti-PD-L1 Abs of the invention.

Accordingly, examples of cancers that may be treated
using an anti-PD-L.1 Ab in the methods of the invention,
based on the indications of very broad applicability of
anti-PD-L.1 immunotherapy provided herein, include bone
cancer, skin cancer, cancer of the head or neck, breast
cancer, lung cancer, cutaneous or intraocular malignant
melanoma, renal cancer, uterine cancer, castration-resistant
prostate cancer, colon cancer, rectal cancer, cancer of the
anal region, stomach cancer, testicular cancer, uterine can-
cer, carcinoma of the fallopian tubes, carcinoma of the
endometrium, carcinoma of the cervix, carcinoma of the
vagina, carcinoma of the vulva, carcinomas of the ovary,
gastrointestinal tract and breast, Hodgkin’s Disease, non-
Hodgkin’s lymphoma, cancer of the esophagus, cancer of
the small intestine, cancer of the endocrine system, cancer of
the thyroid gland, cancer of the parathyroid gland, cancer of
the adrenal gland, sarcoma of soft tissue, cancer of the
urethra, cancer of the penis, chronic or acute leukemias
including acute myeloid leukemia, chronic myeloid leuke-
mia, acute lymphoblastic leukemia, chronic lymphocytic
leukemia, solid tumors of childhood, lymphocytic lym-
phoma, cancer of the bladder, cancer of the kidney or ureter,
carcinoma of the renal pelvis, neoplasm of the central
nervous system (CNS), primary CNS lymphoma, tumor
angiogenesis, spinal axis tumor, brain stem glioma, pituitary
adenoma, Kaposi’s sarcoma, epidermoid cancer, squamous
cell cancer, T-cell lymphoma, multiple myeloma, environ-
mentally induced cancers including those induced by asbes-
tos, metastatic cancers, and any combinations of said can-
cers. The present invention is also applicable to treatment of
metastatic cancers.

Combination Therapy with Anti-PD-L1 Abs

Optionally, Abs to PD-L1 can be combined with an
immunogenic agent, for example a preparation of cancerous
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cells, purified tumor antigens (including recombinant pro-
teins, peptides, and carbohydrate molecules), antigen-pre-
senting cells such as dendritic cells bearing tumor-associated
antigens, and cells transfected with genes encoding immune
stimulating cytokines (He et al, 2004). Non-limiting
examples of tumor vaccines that can be used include pep-
tides of melanoma antigens, such as peptides of gpl00,
MAGE antigens, Trp-2, MART1 and/or tyrosinase, or tumor
cells transfected to express the cytokine GM-CSF. PD-L.1
blockade may also be effectively combined with standard
cancer treatments, including chemotherapeutic regimes,
radiation, surgery, hormone deprivation and angiogenesis
inhibitors, as well as another immunotherapeutic Ab (e.g., an
anti-PD-1, anti-CTLA-4 or anti-LAG-3 Ab).

Uses of Anti-PD-L1 Abs

This disclosure provides the use of any anti-PD-L.1 Ab or
antigen-binding portion thereof of the invention for the
preparation of a medicament for inhibiting signaling from
the PD-1/PD-L1 pathway so as to thereby potentiate an
endogenous immune response in a subject afflicted with
cancer. This disclosure also provides the use of any anti-
PD-L1 Ab or antigen-binding portion thereof of the inven-
tion for the preparation of a medicament for immunotherapy
of a subject afflicted with cancer comprising disrupting the
interaction between PD-1 and PD-L1. The disclosure pro-
vides medical uses of any anti-PD-L.1 Ab or antigen-binding
portion thereof of the invention corresponding to all the
embodiments of the methods of treatment employing an
anti-PD-L1 Ab described herein.

This disclosure also provides an anti-PD-L.1 Ab or an
antigen-binding portion thereof of the invention for use in
treating a subject afflicted with cancer comprising potenti-
ating an endogenous immune response in a subject afflicted
with cancer by inhibiting signaling from the PD-1/PD-L1
pathway. The disclosure further provides an anti-PD-L.1 Ab
or an antigen-binding portion thereof of the invention for use
in immunotherapy of a subject afflicted with cancer com-
prising disrupting the interaction between PD-1 and PD-L1.
These Abs may be used in potentiating an endogenous
immune response against, or in immunotherapy of, the full
range of cancers disclosed herein. In preferred embodi-
ments, the cancers include MEL (e.g., metastatic malignant
MEL), RCC, squamous NSCLC, non-squamous NSCLC,
CRC, ovarian cancer (OV), gastric cancer (GC), breast
cancer (BC), pancreatic carcinoma (PC) and carcinoma of
the esophagus.

Validation of Cancer Immunotherapy by Immune Check-
point Blockade

A major implication of the clinical activity of immune
checkpoint blockade is that significant endogenous immune
responses to tumor antigens are generated and these
responses may be harnessed therapeutically to mediate clini-
cal tumor regression upon checkpoint inhibition. In fact,
there is evidence that inhibitory ligands such as PD-L1 are
induced in response to immune attack, a mechanism termed
adaptive resistance (Gajewski et al., 2010; Taube et al.,
2012). This potential mechanism of immune resistance by
tumors suggests that PD-1/PD-L1-directed therapy might
synergize with other treatments that enhance endogenous
antitumor immunity. Follow-up studies have verified that
patients continue to demonstrate tumor control after cessa-
tion of PD-1/PD-L1 pathway blockade (Lipson et al., 2013).
Such tumor control may reflect a persistent antitumor
immune response and the generation of effective immuno-
logic memory to enable sustained control of tumor growth.

The data disclosed herein on the clinical testing of Abs
that block the immunoregulatory receptor, PD-1, and also of
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Abs that block one of its cognate ligands, PD-L1, are
unprecedented. These data constitute the largest clinical
experience to date with PD-1 pathway-directed cancer
immunotherapy, and the first report specifically describing
the safety, tolerability, and initial clinical activity of an
anti-PD-L1-directed agent. These findings show that both
anti-PD-1 and anti-PD-L1 have favorable overall safety
profiles and provide clear evidence of clinical activity across
diverse cancers, including NSCLC, a tumor not historically
considered responsive to immunotherapy, as well as tumors
known to respond to immunotherapy, including MEL, RCC
and OV. Thus, these data strongly validate the PD-1/PD-L1
pathway as an important target for therapeutic intervention
in cancer.

The remarkable similarities observed between the pat-
terns of clinical activity obtained with the anti-PD-1 and
anti-PD-L1 mAbs, and among the tumor types analyzed to
date, validate the general importance of the PD-1/PD-L1
signaling pathway in tumor immune resistance and as a
target for therapeutic intervention. Although the molecular
interactions blocked by these two Abs are not identical, it
has been clearly demonstrated herein that, irrespective of
mechanistic details, both anti-PD-1 and anti-PD-L.1 Abs of
the invention are effective in treating patients afflicted with
a wide variety of cancers.

Infectious Diseases

Other methods of the invention are used to treat patients
that have been exposed to particular toxins or pathogens. For
example, another aspect of this disclosure provides a method
of treating an infectious disease in a subject comprising
administering to the subject an anti-PD1 or an anti-PD-L1
Ab, or antigen-binding portion thereof, of the invention such
that the subject is treated for the infectious disease. Prefer-
ably, the Ab is a human anti-human PD-1 or PD-L1 Ab (such
as any of the human Abs described herein). Alternatively, the
Ab is a chimeric or humanized Ab.

Similar to its application to tumors as discussed above,
Ab-mediated PD-1 or PD-L1 blockade can be used alone, or
as an adjuvant, in combination with vaccines, to potentiate
an immune response to pathogens, toxins, and/or self-
antigens. Examples of pathogens for which this therapeutic
approach may be particularly useful include pathogens for
which there is currently no effective vaccine, or pathogens
for which conventional vaccines are less than completely
effective. These include, but are not limited to HIV, Hepatitis
(A, B, and C), Influenza, Herpes, Giardia, Malaria, Leish-
mania, Staphylococcus aureus, Pseudomonas aeruginosa.
PD-1 and/or PD-L1 blockade is particularly useful against
established infections by agents such as HIV that present
altered antigens over the course of an infection. Novel
epitopes on these antigens are recognized as foreign at the
time of anti-human PD-1 or PD-L1 administration, thus
provoking a strong T cell response that is not dampened by
negative signals through the PD-1/PD-L1 pathway.

In the above methods, PD-1 or PD-L1 blockade can be
combined with other forms of immunotherapy such as
cytokine treatment (e.g., administration of interferons, GM-
CSF, G-CSF or IL-2).

Kits

Also within the scope of the present invention are Kits,
including pharmaceutical kits, comprising an anti-PD-1 and/
or an anti-PD-L1 Ab of the invention, or a combination of
an anti-PD-1 and an anti-CTLA-4 Ab, for therapeutic uses,
and diagnostic kits comprising an anti-PD-L1 Ab of the
invention for assaying membranous PD-L1 expression as a
biomarker for screening patients for immunotherapy or for
predicting the efficacy of an immunotherapeutic agent. Kits
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typically include a label indicating the intended use of the
contents of the kit and instructions for use. The term label
includes any writing, or recorded material supplied on or
with the kit, or which otherwise accompanies the kit. In
certain embodiments of a pharmaceutical kit, the anti-PD-1
and/or anti-PD-I.1 Abs may be co-packaged with other
therapeutic agents in unit dosage form. In certain embodi-
ments of a diagnostic kit, the anti-PD-LL1 Ab may be
co-packaged with other reagents for performing an assay to
detect and/or quantify PD-L1 expression.

In certain preferred embodiments, the pharmaceutical kit
comprises the anti-human PD-1 HuMAb, nivolumab. In
other preferred embodiments, the pharmaceutical kit com-
prises the anti-human PD-L.1 HuMAb, BMS-936559. In yet
other preferred embodiments, the pharmaceutical kit com-
prises the anti-human CTLA-4 HuMAb, ipilimumab. In
certain preferred embodiments, the diagnostic kit comprises
the rabbit anti-human PD-L.1 mAb, 28-8, comprising the V,
and V_ regions whose amino acid sequences are set forth in
SEQ ID NOs. 35 and 36, respectively. In other preferred
embodiments, the diagnostic kit comprises the murine anti-
human PD-L1 mAb, SH1 (Dong et al., 2002).

PD-L1 Biomarker for Predicting Anti-PD-1 Efficacy

A particular challenge in cancer immunotherapy has been
the identification of mechanism-based predictive biomarkers
to enable patient selection and guide on-treatment manage-
ment. Data disclosed in the Examples below indicate that
cell surface PD-L1 expression in tumors is a useful molecu-
lar marker for predicting the efficacy of, and selecting
patients for, immunotherapy with anti-PD-1 and potentially
other immune checkpoint inhibitors.

There are conflicting reports in the literature about the
clinical implications of PD-L.1 being expressed in tumors.
Several studies have concluded that PD-L1 expression in
tumors correlates with a poor prognosis for the patient. See,
e.g., Hino et al. (2010) (MEL); Hamanishi et al. (2007)
(OV); Thompson et al. (2006) (RCC). These findings may be
rationalized on the basis that the interaction of PD-L1 on
tumor cells and PD-1 on T cells helps abrogate immune
responses directed against the tumor, resulting in immune
evasion from tumor-specific T cells (Blank et al., 2005).
However, in contrast to the foregoing studies, Gadiot et al.
(2011) and Taube et al. (2012) have recently reported that
PD-L1 expression in melanoma tumors correlates with a
trend toward better survival. These seemingly contradictory
data may reflect the relatively small numbers of patients
analyzed, different histologic subtypes studied, or different
methodologies used, e.g., the use of different Abs to stain
PD-L1, the use of frozen versus paraffin-embedded material
for IHC, and the detection of membranous and/or cytoplas-
mic staining of PD-L1. Taube et al. (2012) note that PD-L1
is a type I transmembrane molecule, and hypothesize that
while the cytoplasmic presence of PD-L1 may represent
intracellular stores of this polypeptide that may be deployed
to the cell surface upon appropriate stimulation, it is cell
surface PD-L.1 expression of that is biologically relevant as
a potential biomarker for predicting clinical response to
PD-1 blockade. See, also, Brahmer et al. (2010), which
describes preliminary evidence, obtained on a small sample
size of only 9 patients, of a correlation between membranous
PD-L1 expression and anti-PD-1 efficacy. The data
described in the Examples below on the use of membranous
PD-L1 expression as a biomarker for anti-PD-1 efficacy,
which was obtained from analysis of a much larger sample,
substantiate the hypothesis that PD-L1 expression may be
used as a biomarker for predicting anti-PD-1 clinical
response and for screening patients to identify suitable
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candidates for immunotherapy with an anti-PD-1 Ab.
Though the utility of this biomarker was demonstrated for
screening patients for, or predicting the clinical response to,
anti-PD-1 immunotherapy, PD-L1 expression may also
potentially be applicable more broadly as a companion
biomarker for other types of inhibitors of inhibitory immu-
noregulators.

Specifically, membranous PD-L.1 expression was assayed
using an automated IHC protocol and a rabbit anti-hPD-L1
Ab. Strikingly, in the initial set of data analyzed (see
Example 8), no patients with cell surface PD-L1-negative
tumors (MEL, NSCLC, CRC, RCC and CRPC) experienced
an OR following treatment with the anti-PD-1 Ab,
nivolumab. In contrast, cell surface expression of PD-L.1 on
tumor cells in pretreatment biopsies may be associated with
an increased rate of OR among patients treated with
nivolumab. While tumor cell expression of PD-L.1 may be
driven by constitutive oncogenic pathways, it may also
reflect “adaptive immune resistance” in response to an
endogenous antitumor immune response, part of a host
inflammatory response, which may remain in check unless
unleashed by blockade of the PD-1/PD-L1 pathway (Taube
et al., 2012). This emerging concept of adaptive immune
resistance in cancer immunology suggests that inhibitory
ligands such as PD-L1 are induced in response to immune
attack (Gajewski et al., 2010; Taube et al., 2012). A major
implication of the clinical activity of immune checkpoint
blockade as described herein is that significant endogenous
immune responses to tumor antigens are generated and these
responses may be harnessed therapeutically to mediate clini-
cal tumor regression upon checkpoint inhibition. This poten-
tial mechanism of immune resistance by tumors suggests
that PD-1/PD-L1-directed therapy might synergize with
other treatments that enhance endogenous antitumor immu-
nity.

Assaying Cell-Surface PD-I.1 Expression by Automated
HC

As described in the Examples, an automated IHC method
was developed for assaying the expression of PD-L1 on the
surface of cells in FFPE tissue specimens. This disclosure
provides methods for detecting the presence of human
PD-L1 antigen in a test tissue sample, or quantifying the
level of human PD-L1 antigen or the proportion of cells in
the sample that express the antigen, which methods com-
prise contacting the test sample, and a negative control
sample, with a mAb that specifically binds to human PD-L1,
under conditions that allow for formation of a complex
between the Ab or portion thereof and human PD-L1.
Preferably, the test and control tissue samples are FFPE
samples. The formation of a complex is then detected,
wherein a difference in complex formation between the test
sample and the negative control sample is indicative of the
presence of human PD-L1 antigen in the sample. Various
methods are used to quantify PD-L1 expression.

In a particular embodiment, the automated IHC method
comprises: (a) deparaffinizing and rehydrating mounted tis-
sue sections in an autostainer; (b) retrieving antigen using a
decloaking chamber and pH 6 buffer, heated to 110° C. for
10 min; (c) setting up reagents on an autostainer; and (d)
running the autostainer to include steps of neutralizing
endogenous peroxidase in the tissue specimen; blocking
non-specific protein-binding sites on the slides; incubating
the slides with primary Ab; incubating with a post-primary
blocking agent; incubating with NovoLink Polymer; adding
a chromogen substrate and developing; and counterstaining
with hematoxylin.
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For assessing PD-L1 expression in tumor tissue samples,
a pathologist examines the number of membrane PD-L.1*
tumor cells in each field under a microscope and mentally
estimates the percentage of cells that are positive, then
averages them to come to the final percentage. The different
staining intensities are defined as O/negative, 1+/weak,
2+/moderate, and 3+/strong. Typically, percentage values
are first assigned to the O and 3+ buckets, and then the
intermediate 1+ and 2+ intensities are considered. For highly
heterogeneous tissues, the specimen is divided into zones,
and each zone is scored separately and then combined into
a single set of percentage values. The percentages of nega-
tive and positive cells for the different staining intensities are
determined from each area and a median value is given to
each zone. A final percentage value is given to the tissue for
each staining intensity category: negative, 1+, 2+, and 3+.
The sum of all staining intensities needs to be 100%.

Staining is also assessed in tumor-infiltrating inflamma-
tory cells such as macrophages and lymphocytes. In most
cases macrophages serve as an internal positive control since
staining is observed in a large proportion of macrophages.
While not required to stain with 3+ intensity, an absence of
staining of macrophages should be taken into account to rule
out any technical failure. Macrophages and lymphocytes are
assessed for plasma membrane staining and only recorded
for all samples as being positive or negative for each cell
category Staining is also characterized according to an
outside/inside tumor immune cell designation. “Inside”
means the immune cell is within the tumor tissue and/or on
the boundaries of the tumor region without being physically
intercalated among the tumor cells. “Outside” means that
there is no physical association with the tumor, the immune
cells being found in the periphery associated with connec-
tive or any associated adjacent tissue.

In certain embodiments of these scoring methods, the
samples are scored by two pathologists operating indepen-
dently and the scores are subsequently consolidated. In
certain other embodiments, the identification of positive and
negative cells is scored using appropriate software.

A histoscore is used as a more quantitative measure of the
THC data. The histoscore is calculated as follows:

Histoscore=[(% tumorx1(low intensity))+(% tumorx
2(medium intensity))+(% tumorx3(high inten-
sity)]

To determine the histoscore, the pathologist estimates the
percentage of stained cells in each intensity category within
a specimen. Because expression of most biomarkers is
heterogeneous the histoscore is a truer representation of the
overall expression. The final histoscore range is 0 (no
expression) to 300 (maximum expression).

An alternative means of quantifying PD-L.1 expression in
a test tissue sample IHC is to determine the adjusted
inflammation score (AIS) score defined as the density of
inflammation multiplied by the percent PD-L1 expression by
tumor-infiltrating inflammatory cells (Taube et al., 2012).
Cancer Immunotherapy with Anti-PD-1 Comprising a
Patient Selection Step

This disclosure also provides a method for immuno-
therapy of a subject afflicted with cancer, which method
comprises: (a) selecting a subject that is a suitable candidate
for immunotherapy, e.g., administration of an anti-PD-1 Ab,
the selecting comprising (i) optionally providing a test tissue
sample obtained from a patient with cancer of the tissue, the
test tissue sample comprising tumor cells and tumor-infil-
trating inflammatory cells, (ii) assessing the proportion of
cells in the test tissue sample that express PD-L1 on the cell
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surface, and (iii) selecting the subject as a suitable candidate
based on an assessment that the proportion of cells in the test
tissue sample that express PD-L1 on the cell surface exceeds
a predetermined threshold level; and (b) administering to the
selected subject a composition comprising a therapeutically
effective amount of an agent that inhibits signaling from an
inhibitory immunoregulator e.g., an anti-PD-1 Ab.

There is evidence that membranous PD-L.1 expression is
a surrogate for an endogenous antitumor immune response
that is part of a host inflammatory response (Gajewski et al.,
2010; Taube et al., 2012). Accordingly, cell surface expres-
sion of PD-L1 in tumors and/or inflammatory cells in the
tumor microenvironment may be a marker not just for
selecting cancer patients who would benefit from treatment
with an anti-PD-1 Ab, but also for treatment with an
anti-PD-L1 Ab as well as treatments targeting inhibitory
immunoregulatory pathways other than the PD-1/PD-L1
pathway. For example, cell surface expression of PD-L1 in
tumors and/or tumor-infiltrating inflammatory cells may be
used as a marker for identifying or selecting suitable cancer
patients who would benefit from immunotherapy with
agents, including Abs, that target, and disrupt or inhibit
signaling from, immune checkpoints such as PD-L1, Cyto-
toxic T-Lymphocyte Antigen-4 (CTLA-4), B and T Lym-
phocyte Attenuator (BTLA), T cell Immunoglobulin and
Mucin domain-3 (TIM-3), Lymphocyte Activation Gene-3
(LAG-3), Killer Immunoglobulin-like Receptor (KIR),
Killer cell Lectin-like Receptor G1 (KLRG-1), Natural
Killer Cell Receptor 2B4 (CD244), and CD160 (Pardoll,
2012; Baitsch et al., 2012). In certain preferred embodi-
ments, the inhibitory immunoregulator is a component of the
PD-1/PD-L1 signaling pathway. In other preferred embodi-
ments, the inhibitory immunoregulator is an anti-PD-1 Ab of
the invention. In yet other preferred embodiments, the
inhibitory immunoregulator is an anti-PD-L1 Ab of the
invention.

Where any immunotherapy methods comprising assaying
PD-L1 expression, i.e., employing a PD-L1 expression
biomarker, are described below as comprising the selection
of a patient who is, or is not, suitable for anti-PD-1 immu-
notherapy, or as comprising the administration of an anti-
PD-1 Ab for immunotherapeutic purposes, it should be
understood that these methods apply more broadly to the
selection of a patient who is, or is not, suitable for immu-
notherapy with, or to the administration of an inhibitor of, an
inhibitory immunoregulator (e.g., CTLA-4, BTLA, TIM3,
LAG3 or KIR) or a component or ligand thereof. Further, in
any the methods comprising the measurement of PD-L1
expression in a test tissue sample, it should be understood
that the step comprising the provision of a test tissue sample
obtained from a patient is an optional step. That is, in certain
embodiments the method includes this step, and in other
embodiments, this step is not included in the method. It
should also be understood that in certain preferred embodi-
ments the “assessing” step to identify, or determine the
number or proportion of, cells in the test tissue sample that
express PD-L1 on the cell surface is performed by a trans-
formative method of assaying for PD-L1 expression, for
example by performing a reverse transcriptase-polymerase
chain reaction (RT-PCR) assay or an IHC assay. In certain
other embodiments, no transformative step is involved and
PD-L1 expression is assessed by, for example, reviewing a
report of test results from a laboratory. In certain embodi-
ments, the steps of the methods up to, and including,
assessing PD-L.1 expression provides an intermediate result
that may be provided to a physician or other medical
practitioner for use in selecting a suitable candidate for
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immunotherapy and/or administering an immunotherapeutic
agent to the patient. In certain embodiments, the steps that
provide the intermediate result may be performed by a
medical practitioner or someone acting under the direction
of'a medical practitioner. In other embodiments, these steps
are performed by an independent laboratory or by an inde-
pendent person such as a laboratory technician.

The disclosure also provides a method for treatment of a
subject afflicted with cancer, which method comprises: (a)
selecting a subject that is not suitable for treatment with an
agent that inhibits an inhibitory immunoregulator, e.g., anti-
PD-1 Ab immunotherapy, the selecting comprising (i)
optionally providing a test tissue sample obtained from a
patient with cancer of the tissue, the test tissue sample
comprising tumor cells and tumor-infiltrating inflammatory
cells; (ii) assessing the proportion of cells in the test tissue
sample that express PD-L1 on the surface of the cells; and
(iii) selecting the subject as not suitable for immunotherapy
with an inhibitor of an inhibitory immunoregulator, e.g., an
anti-PD-1 Ab, based on an assessment that the proportion of
cells in the test tissue sample that express PD-L1 on the cell
surface is less than a predetermined threshold level; and (b)
administering a standard-of-care therapeutic other than an
inhibitor of an inhibitory immunoregulator, e.g., an anti-
PD-1 Ab, to the selected subject.

Measurement of PD-L.1 Expression

In certain embodiments of any of the present methods, the
proportion of cells that express PD-L1 is assessed by per-
forming an assay to determine the presence of PD-L.1 RNA.
In further embodiments, the presence of PD-L1 RNA is
determined by RT-PCR, in situ hybridization or RNase
protection. In other embodiments, the proportion of cells
that express PD-L1 is assessed by performing an assay to
determine the presence of PD-L1 polypeptide. In further
embodiments, the presence of PD-L1 polypeptide is deter-
mined by immunohistochemistry (IHC), enzyme-linked
immunosorbent assay (ELISA), in vivo imaging, or flow
cytometry. In preferred embodiments, PD-1.1 expression is
assayed by IHC. Flow cytometry may be particularly suit-
able for assaying PD-L1 expression in cells of hematologic
tumors. In preferred embodiments of all of these methods,
cell surface expression of PD-L1 is assayed using, e.g., IHC
or in vivo imaging.

Imaging techniques have provided important tools in
cancer research and treatment. Recent developments in
molecular imaging systems, including positron emission
tomography (PET), single-photon emission computed
tomography (SPECT), fluorescence reflectance imaging
(FRI), fluorescence-mediated tomography (FMT), biolumi-
nescence imaging (BLI), laser-scanning confocal micros-
copy (LSCM) and multiphoton microscopy (MPM), will
likely herald even greater use of these techniques in cancer
research. Some of these molecular imaging systems allow
clinicians to not only see where a tumor is located in the
body, but also to visualize the expression and activity of
specific molecules, cells, and biological processes that influ-
ence tumor behavior and/or responsiveness to therapeutic
drugs (Condeelis and Weissleder, 2010). Ab specificity,
coupled with the sensitivity and resolution of PET, makes
immunoPET imaging particularly attractive for monitoring
and assaying expression of antigens in tissue samples (Mc-
Cabe and Wu, 2010; Olafsen et al., 2010). In certain embodi-
ments of any of the present methods, PD-L.1 expression is
assayed by immunoPET imaging.

In certain embodiments of any of the present methods, the
proportion of cells in a test tissue sample that express PD-L1
is assessed by performing an assay to determine the presence
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of PD-L1 polypeptide on the surface of cells in the test tissue
sample. In certain embodiments, the test tissue sample is a
FFPE tissue sample. In certain preferred embodiments, the
presence of PD-L1 polypeptide is determined by IHC assay.
In further embodiments, the IHC assay is performed using
an automated process. In further embodiments, the THC
assay is performed using an anti-PD-L.1 mAb to bind to the
PD-L1 polypeptide.

Abs that Bind Specifically to Cell-Surface-Expressed
PD-L1 in FFPE Tissues

An Ab may bind to an antigen in fresh tissues but
completely fail to recognize the antigen in an FFPE tissue
sample. This phenomenon, well known in the art, is thought
to be due primarily to intra- and inter-molecular cross-
linking of polypeptides induced by formalin fixation, which
alters the epitope recognized by the Ab (Sompuram et al.,
2006). In addition, several factors known to influence stain-
ing in FFPE tissue, including variable time to fixation,
inadequate fixation period, differences in fixative used,
tissue processing, Ab clone and dilution, antigen retrieval,
detection system, and interpretation of results using different
threshold points are important variables that can affect tissue
antigenicity and IHC measurements (Bordeaux et al., 2010).
In particular, a lack of anti-human PD-L.1 Abs that stain
PD-L1 in FFPE specimens has been noted in the art (Ha-
manishi et al., 2007). Taube et al. (2012) and Gadiot et al.
(2011) have also reported difficulties in identifying anti-
PD-1 Abs that bind specifically to PD-L1 in FFPE tissues,
and inconsistent test results on the same Abs. Our own
analysis of five commercially available anti-hPD-L.1 Abs
shows that these Abs failed to distinguish FFPE cells
expressing PD-L.1 from cells that did not express PD-L1 (see
Example 9, Table 7). Thus, the contradictory results reported
by different groups on the implications of PD-L 1 expression
for prognosis of a tumor may, in part, reflect the differential
abilities of anti-PD-L.1 Abs used to detect PD-L1 polypep-
tide in FFPE tissue samples. Accordingly, in order to detect
hPD-L1 on the surface of cells using an IHC assay on FFPE
tissues, there is a need for anti-hPD-L1 Abs that bind
specifically to cell surface-expressed PD-L1 in FFPE tissue
samples.

This disclosure provides a mAb or an antigen-binding
portion thereof that binds specifically to a cell surface-
expressed PD-L1 antigen in a FFPE tissue sample. In
preferred embodiments, the mAb or antigen-binding portion
thereof does not bind to a cytoplasmic PD-L1 polypeptide in
the FFPE tissue sample or exhibits a very low level of
background binding. In certain other embodiments, the
presence or absence of binding specifically to a cell surface-
expressed or a cytoplasmic PD-L1 polypeptide is detected
by immunohistochemical staining. In certain preferred
aspects of the invention, the mAb or antigen-binding portion
is a rabbit Ab or a portion thereof. In other preferred
embodiments, the mAb is the rabbit mAb designated 28-8,
28-1, 28-12, 29-8 or 20-12. In more preferred embodiments,
the mAb is the rabbit mAb designated 28-8 or an antigen-
binding portion thereof. In further embodiments, the mAb is
an Ab comprising a heavy chain variable region (V)
comprising consecutively linked amino acids having the
sequence set forth in SEQ ID NO: 35 and a light chain
variable region (V,)) comprising consecutively linked amino
acids having the sequence set forth in SEQ ID NO: 36. In
other embodiments, the mAb comprises the CDR1, CDR2
and CDR3 domains in a V, having the sequence set forth in
SEQ ID NO: 35, and the CDR1, CDR2 and CDR3 domains
in a V_ having the sequence set forth in SEQ ID NO: 36.
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It is known in the art that rabbit Abs have certain
advantages over murine Abs. For example, rabbit Abs gen-
erally exhibit more diverse epitope recognition, improved
immune response to small-size epitopes, and higher speci-
ficity and affinity compared to murine Abs (see, e.g., Fischer
et al., 2008; Cheang et al., 2006; Rossi et al., 2005). For
example, the rabbit’s lower immune dominance and larger
B-cell repertoire results in greater epitope recognition com-
pared to murine Abs. Further, the high specificity and novel
epitope recognition of rabbit antibodies translates to success
with recognition of post-translational modifications (Epito-
mics, 2013). In addition, many protein targets relevant to
signal transduction and disease are highly conserved
between mice, rats and humans, and can therefore be rec-
ognized as self-antigens by a mouse or rat host, making them
less immunogenic. This problem is avoided by generating
Abs in rabbits. Moreover, in applications in which two
antigen-specific Abs are required, it is more convenient to
have the Abs come from two different species. Thus, for
example, it is easier to multiplex a rabbit Ab such as 28-8
with other Abs (likely to be murine Abs since the best
immune marking Abs are murine Abs) that can mark
immune cells that also express PD-L1 (e.g., macrophages
and lymphocytes). Accordingly, rabbit anti-hPD-L.1 mAbs,
e.g., 28-8, are particularly suited to THC assays for detecting
surface-expressed PD-L1 in FFPE tissue samples and poten-
tially have distinct advantages over murine Abs, such as
SHI.

As described in Example 9, a large number (185) of Ab
multiclones from both rabbit and mouse immunizations
were screened, and only ten rabbit Ab, but no mouse Ab,
multiclones specifically detected the membranous form of
hPD-L1. After further extensive screening by multiple
rounds of IHC, 15 purified rabbit subclones were selected
based on their specificity and intensity of staining (see Table
5). Following further characterization of the antibodies to
determine their binding affinity and cross-competition by
surface plasmon resonance, as well as screening by IHC on
FFPE tissues, mAb 28-8 was selected as the Ab with the best
combination of binding to membranous PDF-L.1 with high
affinity and specificity, and low background staining.

In certain aspects of this invention, the mAb or antigen-
binding portion cross-competes with mouse mAb 5SH1 for
binding to PD-L.1, which indicates that these antibodies bind
to the same epitope region of PD-L1. In certain other
aspects, the mAb or antigen-binding portion thereof does not
cross-compete with mouse mAb 5H1 for binding to PD-L1,
indicating that they do not bind to the same epitope region
of PD-L1.

The disclosure also provides nucleic acids encoding all of
the rabbit anti-hPD-L.1 Abs or portions thereof disclosed
herein.

Immunotherapeutic Methods Comprising Measurement
of Cell Surface PD-L1 Expression

The availability of rabbit Abs that bind with high affinity
specifically to membranous PD-L.1 in FFPE tissue speci-
mens facilitates methods comprising a step of detecting
PD-L1 polypeptide on the surface of cells in FFPE tissue
samples. Accordingly, this disclosure also provides a method
for immunotherapy of a subject afflicted with cancer, which
method comprises: (a) selecting a subject that is a suitable
candidate for immunotherapy, the selecting comprising: (i)
optionally providing a FFPE test tissue sample obtained
from a patient with cancer of the tissue, the test tissue sample
comprising tumor cells and tumor-infiltrating inflammatory
cells; (ii) assessing the proportion of cells in the test tissue
sample that express PD-L.1 on the cell surface by IHC using
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arabbit anti-human PD-L1 Ab, e.g., mAb 28-8, to bind to the
PD-L1; and (iii) selecting the subject as a suitable candidate
based on an assessment that the proportion of cells in the test
tissue sample that express PD-L1 on the cell surface exceeds
a predetermined threshold level; and (b) administering a
composition comprising a therapeutically effective amount
of an agent that inhibits an inhibitory immunoregulator, e.g.,
an anti-PD-1 Ab, to the selected subject.

In certain embodiments of methods employing IHC to
assay PD-L1 expression in FFPE tissues, an automated IHC
assay is used. The automated IHC process is performed on
an autostainer and comprises: (a) de-paraffinizing the FFPE
sample with xylene and rehydrating the sample; (b) retriev-
ing the antigen using a decloaking chamber; (c¢) blocking
nonspecifc protein binding sites by incubation with a Protein
Block; (d) incubating the sample with a primary anti-PD-L1
Ab; (e) adding a polymeric horseradish peroxidase (HRP)-
conjugated secondary Ab; (f) detecting the bound secondary
Ab comprising staining with a 3,3'-diaminobenzidine
(DAB) chromogen; and/or (g) counterstaining with hema-
toxylin. This automated IHC process has been optimized by
minimization of the number of steps, optimization of incu-
bation times, and selection of primary Abs, blocking and
detection reagents that produce strong specific staining with
a low level of background staining. In preferred embodi-
ments of this automated IHC assay, the primary anti-PD-L1
Ab is rabbit mAb 28-8 or murine mAb 5HI1. In certain
embodiments of this invention, this IHC assay, and any other
THC assay described herein to measure PD-L1 expression,
may be used as part of a method of immunotherapy. In other
embodiments, any of the IHC methods described herein is
used independently of any therapeutic process requiring the
administration of a therapeutic, i.e., solely as a diagnostic
method to assay PD-L1 expression.

In certain embodiments any of the immunotherapy meth-
ods described herein, the Ab administered to the selected
subject is any anti-PD-1 or anti-PD-L.1 Ab or antigen-
binding portion thereof of the invention. In certain preferred
embodiments, the subject is a human. In other preferred
embodiments, the Ab is a human Ab or antigen-binding
portion thereof. In more preferred embodiments, the anti-
PD-1 Ab is nivolumab and the anti-PD-L1 Ab is BMS-
936559. In certain other embodiments, the anti-PD-1 Ab is
an Ab or antigen-binding portion thereof that cross-com-
petes with nivolumab for binding to PD-1, and the anti-PD-
L1 Ab is an Ab or antigen-binding portion thereof that
cross-competes with BMS-936559 for binding to PD-L1. In
certain preferred embodiments, the cancer to be treated is
selected from the group consisting MEL, RCC, squamous
NSCLC, non-squamous NSCLC, CRC, castration-resistant
prostate cancer CRPC, HCC, squamous cell carcinoma of
the head and neck, carcinomas of the esophagus, ovary,
gastrointestinal tract and breast, and a hematological malig-
nancy.

In certain embodiments of the disclosed methods, the
predetermined threshold is based on a proportion of (a)
tumor cells, (b) tumor-infiltrating inflammatory cells, (c)
particular tumor-infiltrating inflammatory cells, e.g., TILs or
macrophages, or (d) a combination of tumor cells and
tumor-infiltrating inflammatory cells, in a test tissue sample
that expresses PD-L1 on the cell surface. In certain embodi-
ments, the predetermined threshold is at least 0.001% of
tumor cells expressing membranous PD-L1 as determined
by IHC. In other embodiments, the predetermined threshold
is at least 0.01%, preferably at least 0.1%, more preferably
at least 1% of tumor cells expressing membranous PD-L1,
as determined by IHC. In certain embodiments, the prede-
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termined threshold is at least 5% of tumor cells expressing
membranous PD-L1 as determined by IHC. In certain
embodiments, the predetermined threshold is at least 0.01%,
at least 0.1%, at least 1%, or at least 5% of tumor cells
expressing membranous PD-L1 as determined by IHC,
and/or a single tumor-infiltrating inflammatory cell express-
ing membranous PD-L1 as determined by IHC. In certain
other embodiments, the predetermined threshold is at least
0.01%, at least 0.1%, at least 1%, or at least 5% of a
tumor-infiltrating inflammatory cell expressing membranous
PD-L1 as determined by IHC. In certain other embodiments,
the predetermined threshold is at least 0.01%, at least 0.1%,
at least 1%, or at least 5% of a tumor-infiltrating lymphocyte
expressing membranous PD-L1 as determined by IHC. In
certain other embodiments, the predetermined threshold is at
least 0.01%, at least 0.1%, at least 1%, or at least 5% of a
tumor-infiltrating macrophage expressing membranous
PD-L1 as determined by IHC. In yet other embodiments, the
predetermined threshold is at least a single tumor cell or a
single tumor-infiltrating inflammatory cell expressing mem-
branous PD-L1 as determined by IHC. Preferably, PD-L1
expression is assayed by automated IHC using mAb 28-8 or
SH1 as the primary Ab.

This disclosure also provides a method for treatment of a
subject afflicted with cancer, which method comprises: (a)
screening a plurality of subjects to identify a subject that is
not a suitable candidate for immunotherapy comprising the
administration of an agent that inhibits an inhibitory immu-
noregulator, e.g., an anti-PD-1 Ab, to the subject, the screen-
ing comprising: (i) optionally providing test tissue samples
from the plurality of subjects, the test tissue samples com-
prising tumor cells and tumor-infiltrating inflammatory
cells; (ii) assessing the proportion of cells in the test tissue
samples that express PD-L1 on the surface of the cells; and
(iii) selecting the subject as a candidate that is not suitable
for immunotherapy based on an assessment that the propor-
tion of cells that express PD-L1 on the surface of cells in the
subject’s test tissue sample is below a predetermined thresh-
old level; and (b) administering a standard-of-care therapeu-
tic other than an agent that inhibits an inhibitory immuno-
regulator, e.g., an anti-PD-1 Ab, to the selected subject.

This disclosure further provides a method for immuno-
therapy of a subject afflicted with cancer, which method
comprises: (a) screening a plurality of subjects to identify a
subject that is a suitable candidate for immunotherapy, the
screening comprising: (i) optionally providing test tissue
samples from the plurality of subjects, the test tissue samples
comprising tumor cells and tumor-infiltrating inflammatory
cells; (ii) assessing the proportion of cells in the test tissue
samples that express PD-L1 on the surface of the cells; and
(iii) selecting the subject as a candidate that is suitable for
immunotherapy with an agent that inhibits an inhibitory
immunoregulator, e.g., an anti-PD-1 Ab, based on an assess-
ment that the proportion of cells in the test tissue sample that
express PD-L1 on the cell surface exceeds a predetermined
threshold level; and (b) administering a composition com-
prising a therapeutically effective amount of said agent to the
selected subject.

This disclosure additionally provides a method for treat-
ment of a subject afflicted with cancer, which method
comprises: (a) screening a plurality of subjects to identify a
subject that is a suitable candidate for the treatment, the
screening comprising: (i) optionally providing test tissue
samples from the plurality of subjects, the test tissue samples
comprising tumor cells and tumor-infiltrating inflammatory
cells; (ii) assessing the proportion of cells in the test tissue
samples that express PD-L1 on the surface of the cells,
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wherein the subject is identified as a suitable candidate for
anti-PD-1 Ab immunotherapy if the proportion of cells in the
tissue sample that express PD-L1 on the cell surface exceeds
a predetermined threshold level, and the subject is identified
as a candidate that is not a suitable candidate for anti-PD-1
Ab immunotherapy if the proportion of cells in the test tissue
sample that express PD-L1 on the cell surface is below a
predetermined threshold level; and (b) administering a com-
position comprising a therapeutically effective amount of an
agent that inhibits an inhibitory immunoregulator, e.g., an
anti-PD-1 Ab, to the subject identified as a suitable candidate
for anti-PD-1 Ab immunotherapy, or (¢) administering a
standard-of-care therapeutic other than said agent to the
subject identified as not a suitable candidate for anti-PD-1
Ab immunotherapy.

One aspect of this invention is a method for immuno-
therapy of a subject afflicted with cancer, which method
comprises: (a) optionally providing a test tissue sample
obtained from a patient with cancer of the tissue, the test
tissue sample comprising tumor cells and tumor-infiltrating
inflammatory cells; (b) determining that the proportion of
cells in the test tissue sample that express PD-L1 on the cell
surface is above a predetermined threshold level; and (c)
based on that determination administering a composition
comprising a therapeutically effective amount of an agent
that inhibits an inhibitory immunoregulator, e.g., an anti-
PD-1 Ab, to the subject. Another aspect of the invention is
a method for treatment of a subject afflicted with cancer,
which method comprises: (a) optionally providing a test
tissue sample obtained from a patient with cancer of the
tissue, the test tissue sample comprising tumor cells and
tumor-infiltrating inflammatory cells; (b) determining that
the proportion of cells in the test tissue sample that express
PD-L1 on the cell surface is below a predetermined thresh-
old level; and (c) based on that determination administering
a standard-of-care therapeutic other than an agent that
inhibits an inhibitory immunoregulator, e.g., an anti-PD-1
Ab, to the subject.

Yet another aspect of the invention is a method for
immunotherapy of a subject afflicted with cancer, which
method comprises: (a) optionally providing a test tissue
sample obtained from a patient with cancer of the tissue, the
test tissue sample comprising tumor cells and tumor-infil-
trating inflammatory cells; (b) determining the proportion of
cells in the test tissue sample that express PD-L1 on the cell
surface; (c) selecting an agent that inhibits an inhibitory
immunoregulator, e.g., an anti-PD-1 Ab, as a treatment for
the subject based on the recognition that an anti-PD-1 Ab is
effective in patients whose test tissue sample contains a
proportion of cells above a predetermined threshold level
that express PD-L.1 on the cell surface; and (d) administering
a composition comprising a therapeutically effective amount
of said agent to the subject. In another embodiment, this
disclosure provides a method for treatment of a subject
afflicted with cancer, which method comprises: (a) option-
ally providing a test tissue sample obtained from a patient
with cancer of the tissue, the test tissue sample comprising
tumor cells and tumor-infiltrating inflammatory cells; (b)
determining the proportion of cells in the test tissue sample
that express PD-L1 on the cell surface; (c) selecting a
standard-of-care therapeutic other than an agent that inhibits
an inhibitory immunoregulator, e.g., an anti-PD-1 Ab, as a
treatment for the subject based on the recognition that said
agent is ineffective in patients in whom the proportion of
cells that express PD-L1 on the cell surface in the test tissue
sample is below a predetermined threshold level; and (d)
administering the standard-of-care therapeutic to the subject.
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This disclosure also provides a method of selecting an
immunotherapy for a subject afflicted with cancer, which
method comprises: (a) assaying cells of a test tissue sample
comprising tumor cells and tumor-infiltrating inflammatory
cells to assess the proportion of cells in the test tissue sample
that express PD-L1; and (b) based on an assessment that the
proportion of cells that express membranous PD-L1 is above
a predetermined threshold level, selecting an immuno-
therapy comprising a therapeutically effective amount of an
agent that inhibits an inhibitory immunoregulator, e.g., an
anti-PD-1 Ab, for the subject. The disclosure further pro-
vides a method of selecting a treatment for a subject afflicted
with cancer, which method comprises: (a) assaying cells of
a test tissue sample comprising tumor cells and tumor-
infiltrating inflammatory cells to assess the proportion of
cells in the test tissue sample that express PD-L1; and (b)
based on an assessment that the proportion of cells that
express membranous PD-L1 is below a predetermined
threshold level, selecting a standard-of-care treatment other
than an agent that inhibits an inhibitory immunoregulator,
e.g., an anti-PD-1 Ab, for the subject.

In addition, this disclosure provides a method for treat-
ment of a subject afflicted with cancer, which method
comprises administering to the subject a composition com-
prising a therapeutically effective amount of an agent that
inhibits an inhibitory immunoregulator, e.g., an anti-PD-1
Ab, the subject having been selected on the basis that the
proportion of cells in a test tissue sample from the subject
that express PD-L1 is determined to exceed a predetermined
threshold level, wherein the test tissue sample comprises
tumor cells and tumor-infiltrating inflammatory cells. This
disclosure also provides a method for treatment of a subject
afflicted with cancer, which method comprises administer-
ing to the subject a standard-of-care treatment other than an
agent that inhibits an inhibitory immunoregulator, e.g., an
anti-PD-1 Ab, the subject having been selected on the basis
that the proportion of cells in a test tissue sample from the
subject that express PD-L.1 is determined to be below a
predetermined threshold level, wherein the test tissue
sample comprises tumor cells and tumor-infiltrating inflam-
matory cells.

This disclosure further provides a method for selecting a
cancer patient for immunotherapy with an agent that inhibits
an inhibitory immunoregulator, e.g., an anti-PD-1 Ab, which
method comprises: (a) optionally providing a test tissue
sample obtained from a patient with cancer of the tissue, the
test tissue sample comprising tumor cells and tumor-infil-
trating inflammatory cells; (b) assaying the test tissue
sample to determine the proportion of cells therein that
express PD-L.1 on the cell surface; (¢) comparing the pro-
portion of cells that express PD-L1 on the cell surface with
a predetermined threshold proportion; and (d) selecting the
patient for immunotherapy based on an assessment that the
proportion of cells in the test tissue sample that express
surface PD-L1 is above the predetermined threshold level.

In any of the methods described herein comprising a step
for assessing PD-L.1 expression, the test tissue sample may
be a FFPE tissue sample and PD-L1 polypeptide on the cell
surface is detected by IHC using an anti-PD-L1 Ab, e.g.,
mAb 28-8 or SHI.

In addition, in any method where an immunotherapy is
selected or administered based on an assessment that the
proportion of cells in a test tissue sample from the subject
expresses PD-L1 at a level above a predetermined threshold
level, it follows that a complementary method of treatment
may be performed wherein a standard-of-care treatment
other than the immunotherapy is selected or administered
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based on an assessment that the proportion of cells in a test
tissue sample from the subject expresses PD-L1 at a level
below the predetermined threshold level.

This disclosure further provides a method for predicting
the therapeutic effectiveness of an agent that inhibits an
inhibitory immunoregulator, e.g., an anti-PD-1 Ab, for treat-
ing a cancer patient, which method comprises: (a) optionally
providing a test tissue sample obtained from a patient with
cancer of the tissue, the test tissue sample comprising tumor
cells and tumor-infiltrating inflammatory cells; (b) assaying
the test tissue sample to determine the proportion of cells
therein that express PD-L.1 on the cell surface; (¢) compar-
ing the proportion of cells that express PD-L.1 on the cell
surface with a predetermined threshold value; and (d) pre-
dicting the therapeutic effectiveness of said agent, wherein
if the proportion of cells that express PD-L1 on the cell
surface exceeds the threshold proportion the agent is pre-
dicted to be effective in treating the patient, and wherein if
the proportion of cells that express PD-L1 on the cell surface
is below the threshold proportion the agent is predicted to
not be effective in treating the patient.

This disclosure also provides a method for determining an
immunotherapeutic regimen comprising an agent that inhib-
its an inhibitory immunoregulator, e.g., an anti-PD-1 Ab, for
treating a cancer patient, which method comprises: (a)
optionally providing a test tissue sample obtained from a
patient with cancer of the tissue, the test tissue sample
comprising tumor cells and tumor-infiltrating inflammatory
cells; (b) assaying the test tissue sample to determine the
proportion of cells therein that express PD-L1 on the cell
surface; (c) comparing the proportion of cells that express
PD-L1 on the cell surface with a predetermined threshold
proportion; and (d) determining an immunotherapeutic regi-
men comprising said agent based on the determination that
the proportion of cells that express PD-L1 on the cell surface
exceeds the predetermined threshold proportion.
Standard-of-Care Therapeutics

Several of the methods of treatment described herein
comprise the administration of a standard-of-care therapeu-
tic to a patient. As used herein, a “standard-of-care thera-
peutic” is a treatment process, including a drug or combi-
nation of drugs, radiation therapy (RT), surgery or other
medical intervention that is recognized by medical practi-
tioners as appropriate, accepted, and/or widely used for a
certain type of patient, disease or clinical circumstance.
Standard-of-care therapies for different types of cancer are
well known by persons of skill in the art. For example, the
National Comprehensive Cancer Network (NCCN), an alli-
ance of 21 major cancer centers in the USA, publishes the
NCCN Clinical Practice Guidelines in Oncology (NCCN
GUIDELINES®) that provide detailed up-to-date informa-
tion on the standard-of-care treatments for a wide variety of
cancers (see NCCN GUIDELINES®, 2013). By way of
example, standard-of-care treatments for MEL, RCC and
NSCLC are summarized below.

Melanoma

MEL is a malignant tumor of melanocytes, the melanin-
producing cells found predominantly in skin. Though less
common than other skin cancers, it is the most dangerous of
skin cancers if not diagnosed early and causes the majority
(75%) of skin cancer deaths. The incidence of MEL is
increasing worldwide in Caucasian populations, especially
where peoples with low amounts of skin pigmentation
receive excessive ultraviolet light exposure from the sun. In
Europe, the incidence rate is <10-20 per 100,000 population;
in the USA 20-30 per 100,000; and in Australia, where the
highest incidence is observed, 50-60 per 100,000 (Garbe et
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al., 2012). MEL accounts for about 5% of all new cases of
cancer in the United States (U.S.), and the incidence con-
tinues to rise by almost 3% per year. This translates to an
estimated 76,690 new cases in the U.S. in 2013 with 9,480
associated deaths (Siegel et al. (2013).

For in situ (stage 0) or early-stage MEL (Stages I-II),
surgical excision is the primary treatment. In general, the
prognosis is excellent for patients with localized disease and
tumors 1.0 mm or less in thickness, with 5-year survival
rates of more than 90% (NCCN GUIDELINES®, 2013—
Melanoma). Where surgical excision is not feasible for in
situ melanoma due to comorbidity or cosmetically sensitive
tumor location, topical imiquimod and radiotherapy are
emerging as treatments, especially for lentigo maligna.
Chemotherapeutic agents for treating MEL include dacar-
bazine, temozolomide and imatinib for melanoma with a
¢-KIT mutation, high-dose interleukin-2, and paclitaxel with
or without carboplatin. However, these treatments have
modest success, with response rates below 20% in first-line
(1 L) and second-line (2 L) settings.

For patients with localized melanomas more than 1.0 mm
in thickness, survival rates range from 50-90%. The likeli-
hood of regional nodal involvement increases with increas-
ing tumor thickness. With Stage III MEL (clinically positive
nodes and/or in-transit disease), S-year survival rates range
from 20-70%. By far the most lethal is Stage IV MEL where
long-term survival in patients with distant metastatic mela-
noma is less than 10% (NCCN GUIDELINES®, 2013—
Melanoma).

There is no consensus on the best treatments for meta-
static MEL, though a variety of treatments including exci-
sion to clear margins, intralesional injections, laser ablation,
radiation and biochemotherapy (combination of chemo-
therapy and biological agents such as interferon-alpha and
IL-2) are being investigated. The therapeutic landscape for
metastatic MEL has recently seen dramatic improvements
with the development of novel drugs such as vemurafenib
and ipilimumab. Vemurafenib specifically inhibits signaling
by a mutated intracellular kinase, BRAF, that is present in
about 50% of patients with metastatic MEL. In clinical
trials, vemurafenib delivered an estimated progression-free
survival (PFS) of 5.3 months in BRAF mutation-positive
patients versus merely 1.6 months for dacarbazine, and a
median OS of 15.9 months for vemurafenib versus 5.6-7.8
months for dacarbazine (Chapman et al., 2011; Sosman et
al.,, 2012). Ipilimumab is a HuMAD that inhibits the immune
checkpoint receptor, CITLA-4, and thereby stimulates a T
cell immune response. Ipilimumab, with or without a gly-
coprotein 100 (gp100) peptide vaccine, improved median
OS in patients with previously treated metastatic MEL to
10.0-10.1 months as compared with 6.4 months among
patients receiving gp100 alone (Hodi et al., 2010). Besides
these two agents, no other agent has demonstrated an OS
benefit in a Phase 3 randomized study. Dacarbazine is
approved by the FDA and the EMA for treatment of meta-
static MEL with a reported objective response rate of 5-20%
and a median OS of about 6.4 months, but these responses
are short-lived. Other drugs such as temozolomide and
fotemustine have not resulted in significant improvement in
survival when compared to dacarbazine. IL-2 has also been
approved by the FDA for the treatment of metastatic MEL
as it is associated with a 15-20% response rate including
4-6% complete responses which can be durable, but it is
associated with significant toxicities including hypotension,
cardiac arrhythmias, and pulmonary edema. Further details
on standard-of-care treatments for melanoma are provided
by Garbe et al. (2012) and the NCCN GUIDELINES®,
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2013—Melanoma. Despite the recent approval of ipilim-
umab and vemurafenib for advanced MEL, there is still a
large unmet need for patients who have progressed on
anti-CTLA-4 therapy and a BRAF inhibitor (depending on
BRAF status) or patients with previously untreated, unre-
sectable or metastatic BRAF wild-type MEL. The 5-year
survival rate for late-stage MEL is currently only 15%.
Renal Cell Carcinoma
RCC is the most common type of kidney cancer in adults,
responsible for approximately 90% of renal tumors, and
80-90% of these are clear cell tumors (NCCN GUIDE-
LINES®, 2013—Kidney Cancer). It is also the most lethal
of all the genitourinary tumors. An estimated 65,150 patients
will be diagnosed with renal cancer and 13,680 will die of
the disease in the United States in 2013 (Siegel et al. (2013).
For clinically localized RCC (Stage IA and IB), surgical
resection, including radical nephrectomy and nephron-spar-
ing surgery, is an effective therapy. Partial nephrectomy is
generally not suitable for patients with locally advanced
tumors (Stage II and I1I), in which case radical nephrectomy
is preferred. Where the tumor is confined to the renal
parenchyma, the 5-year survival rate is 60-70%, but this is
lowered considerably in Stage IV disease where metastases
have spread. Stage IV RCC is relatively resistant to RT and
chemotherapy, although patients may benefit from surgery,
and cytoreductive nephrectomy before systemic therapy is
recommended for patients with a potentially surgically
resectable primary and multiple resectable metastases.
Until recently, the cytokines IL.-2 and IFNo were the only
active systemic treatments for advanced or metastatic RCC,
both providing reported ORRs of 5-27%. However, due to
each of these agent’s limited clinical benefit and substantial
toxicity profile, newer targeted agents have largely replaced
cytokines in the treatment of advanced or metastatic renal
cell carcinoma. The recognition of the importance of
hypoxia inducible factor alpha (HIFa) signaling in the
pathogenesis of clear-cell RCC has led to widespread study
of'two classes of targeted therapies, anti-angiogenic tyrosine
kinase inhibitors (TKIs) and mammalian target of rapamycin
(mTOR) inhibitors, in 1 L and 2 L treatments (Mulders,
2009). Targeting of angiogenesis is rational because consti-
tutive HIF o activation leads to the upregulation or activation
of several proteins including vascular endothelial growth
factor (VEGF), which can subsequently lead to tumor pro-
liferation and neovasculature formation. Targeting of the
mTOR pathway is important because activation of the
upstream PI3K/Akt/mTOR signaling pathway is one method
by which constitutive HIFa activation or upregulation
occurs (Mulders, 2009). Agents that target angiogenesis
include VEGF-receptor (VEGFr) TKIs (e.g., sorafenib, suni-
tinib, pazopanib, axitinib, and tivozanib) and VEGF-binding
mAbs (e.g., bevacizumab), while agents that target the
mTOR pathway include the mTOR inhibitors (e.g., everoli-
mus and temsirolimus) (Mulders, 2009; NCCN GUIDE-
LINES®, 2013—Kidney Cancer). However, most patients
develop resistance, and OS improvement has only been
shown in one phase 3 trial in poor-risk patients: temsiroli-
mus showed a statistically significant benefit for OS in
patients with advanced RCC compared to IFNa (10.9
months versus 7.3 months) (Hudes et al., 2007). Everolimus
has also demonstrated a 2.1-month improvement in median
PFS versus placebo, but with no OS improvement (Motzer
et al., 2008). Among the five approved anti-angiogenic
agents (sorafenib, sunitinib, bevacizumab, pazopanib, and
axitinib) and two approved mTOR inhibitors (temsirolimus,
everolimus), only everolimus is approved specifically for
use after the failure of treatment with anti-angiogenic
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therapy. In the U.S., everolimus is indicated for the treatment
of advanced RCC after failure of treatment with sunitinib or
sorafenib, whereas in the EU, everolimus is more broadly
indicated for patients with advanced RCC, whose disease
has progressed on or after treatment with VEGF-targeted
therapy.

Non-Small Cell Lung Cancer

NSCLC is the leading cause of cancer death in the U.S.
and worldwide, exceeding breast, colon and prostate cancer
combined. In the U.S., an estimated 228,190 new cases of
lung and bronchial will be diagnosed in the U.S., and some
159,480 deaths will occur because of the disease (Siegel et
al., 2013). The majority of patients (approximately 78%) are
diagnosed with advanced/recurrent or metastatic disease.
Metastases to the adrenal gland from lung cancer are a
common occurrence, with about 33% of patients having
such metastases. NSCLC therapies have incrementally
improved OS, but benefit has reached a plateau (median OS
for late stage patients is just 1 year). Progression after 1 L
therapy occurred in nearly all of these subjects and the
S-year survival rate is only 3.6% in the refractory setting.
From 2005 to 2009, the overall 5-year relative survival rate
for lung cancer in the U.S. was 15.9% (NCCN GUIDE-
LINES®, 2013—Non-Small Cell Lung Cancer).

Surgery, RT and chemotherapy are the three modalities
commonly used to treat NSCLC patients. As a class,
NSCLCs are relatively insensitive to chemotherapy and RT,
compared to small cell carcinoma. In general, for patients
with Stage I or II disease, surgical resection provides the best
chance for cure, with chemotherapy increasingly being used
both pre-operatively and post-operatively. RT can also be
used as adjuvant therapy for patients with resectable
NSCLC, the primary local treatment, or as palliative therapy
for patients with incurable NSCLC.

Patients with Stage IV disease who have a good perfor-
mance status (PS) benefit from chemotherapy. Many drugs,
including platinum agents (e.g., cisplatin, carboplatin), tax-
anes agents (e.g., paclitaxel, albumin-bound paclitaxel, doc-
etaxel), vinorelbine, vinblastine, etoposide, pemetrexed and
gemcitabine are useful for Stage IV NSCLC. Combinations
using many of these drugs produce 1-year survival rates of
30% to 40% and are superior to single agents. Specific
targeted therapies have also been developed for the treat-
ment of advanced lung cancer. For example, bevacizumab
(AVASTIN®) is a mAb that blocks vascular endothelial
growth factor A (VEGF-A). Erlotinib (TARCEVA®) is a
small-molecule TKI of epidermal growth factor receptor
(EGFR). Crizotinib (XALKORI®) is a small-molecule TKI
that targets ALK and MET, and is used to treat NSCLC in
patients carrying the mutated ALK fusion gene. Cetuximab
(ERBITUX®) is a mAb that targets EGFR.

There is a particular unmet need among patients who have
squamous cell NSCLC (representing up to 25% of all
NSCLC) as there are few treatment options after 1 L therapy.
Single-agent chemotherapy is standard of care following
progression with platinum-based doublet chemotherapy (Pt-
doublet), resulting in median OS of approximately 7 months.
Docetaxel remains the benchmark treatment in this line of
therapy although erlotinib may also be used with less
frequency. Pemetrexed has also been shown to produce
clinically equivalent efficacy outcomes but with signifi-
cantly fewer side effects compared with docetaxel in the 2 L
treatment of patients with advanced NSCLC (Hanna et al.,
2004). No therapy is currently approved for use in lung
cancer beyond the 3 L setting. Pemetrexed and bevacizumab
are not approved in squamous NSCLC, and molecularly
targeted therapies have limited application. The unmet need
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in advanced lung cancer has been compounded by the recent
failure of Oncothyreon and Merck KgaA’s STIMUVAX® to
improve OS in a phase 3 trial, inability of ArQule’s and
Daiichi Sankyo’s c-Met kinase inhibitor, tivantinib, to meet
survival endpoints, failure of Eli Lilly’s ALIMTA® in
combination with Roche’s AVASTIN® to improve OS in a
late-stage study, and Amgen’s and Takeda Pharmaceutical’s
failure to meet clinical endpoints with the small-molecule
VEGF-R antagonist, motesanib, in late-stage trials.

The present invention is further illustrated by the follow-
ing examples which should not be construed as further
limiting. The contents of all references cited throughout this
application are expressly incorporated herein by reference.

Example 1

Cross-Competition Between Anti-PD-1 HuMAbs for Bind-
ing to CHO Cells Expressing Human PD-1

Chinese Hamster Ovary (CHO) cells transfected to
express human PD-1 (CHO/PD-1 cells) were incubated with
10 pg/ml of Fab fragment of the anti-PD-1 HuMADb 5C4 or
human IgG1 (hIgG1) isotype control Ab for 30 minutes at 4°
C. before addition of anti-PD-1 HuMAbs 2D3, 7D3 or 4H1
at a concentration of 0.2 pg/ml. Binding of 4H1, 2D3 or 7D3
to CHO/PD-1 cells were detected by fluorescein isothiocya-
nate (FITC)-conjugated goat anti-hlgG, Fc-gamma specific
Ab. In the case of cross-competition assay with 5C4 and
17D8, CHO/PD-1 cells were incubated with the whole
molecule of 5C4 before addition of FITC-labeled 17DS.
Binding of 2D3, 7D3, 4H1 or 17D8 to the CHO/PD-1 cells
was measured by flow cytometric analysis using a FAC-
Scalibur flow cytometer (Becton Dickinson, San Jose,
Calif).

The results are depicted in FIG. 1. The data show that the
5C4 Fab fragment substantially blocked the binding of
mAbs 5C4 itself, as well as the binding of 2D3, 7D3 (FIG.
1A) and 4H1 (FIG. 1B), while the 5C4 whole mAb sub-
stantially blocked the binding of 17D8 (FIG. 1C) to CHO/
PD-1 cells as measured by mean fluorescence intensity
(MFI) of staining.

Example 2

Cross-Competition Between Anti-PD-LL1 HuMAbs for
Binding to CHO Cells Expressing Human PD-L.1

CHO cells transfected to express hPD-L1 (CHO/PD-L1
cells) were incubated with 10 pg/ml of each of ten uncon-
jugated human anti-PD-L.1 mAbs (5F8, 7H1, 10H10, 1B12,
3G10, 10A5, 11E6, 12A4, 12B7, and 13G4) or human IgG1
(hIgG1) isotype control Ab for 20 min at 4° C. FITC-
conjugated 10H10 (A), 3G10 (B), 10AS (C), 11E6 (D),
12A4 (E) or 13G4 (F) was added to the cells to a final
concentration of 0.09 pg/ml (B, D), 0.27 ng/ml (A, C), 0.91
ug/ml (F), or 2.73 pg/ml (E) for an additional 20 min at 4°
C. without prior washout of unbound, unconjugated Ab.
Different quantities of the various FITC-conjugated HuM-
Abs were used due to differences in binding efficiency
following labeling, and the optimal amounts of these FITC-
conjugated HuMADbs were previously determined by dose-
titration analysis of binding to CHO/PD-L1 cells. Binding of
FITC-conjugated 10H10, 3G10, 10A5, 11E6, 12A4 or 13G4
to the CHO/PD-L1 cells was measured by flow cytometry.

The results are depicted in FIG. 2. Binding of labeled
10H10 was partially blocked by 10AS, 11E6 and 13G4, but
was substantially blocked only by itself (FIG. 2A). Con-
versely, 10H10 substantially blocked the binding only of
itself to CHO/PD-L1 cells. Each of anti-PD-L.1 HuMAbs
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SF8, 7H1, 1B12, 3G10, 10A5, 11E6, 12A4, 12B7 and 13G4
substantially blocked binding of labeled mAbs 3G10 (FIG.
2B), 10AS5 (FIG. 20), 11E6 (FIG. 2D), 12A4 (FIG. 2E) and
13G4 (FIG. 2F) to CHO/PD-L1 cells as measured by MFI,
though mAbs 5F8 and 13G4 generally blocked binding of
the labeled mAbs to a slightly lesser extent.

Example 3

Cross-Competition Between Anti-PD-L.1 mAbs for Binding
to Ovarian Carcinoma Cells Expressing Human PD-L1

Anti-PD-L1 HuMAbs 5F8, 12B7, 3G10, 1B12, 13G4,
10H10, 10AS5 and 12A4, and a human IgGl (hulgGl)
isotype control Ab were serially diluted from 10 pg/ml and
incubated with hPD-L1-expressing ES-2 ovarian carcinoma
cells for 20 minutes at 4° C. Without washing, biotinylated-
12A4 Ab was added to a final concentration of 0.4 ng/ml for
an additional 20 minutes at 4° C. After washing, bound
biotin-12A4 was detected using fluorescent streptavidin-PE
secondary reagent and measured by flow cytometry. FIG. 3
shows the fluorescence of bound biotin-12A4 plotted against
the concentration of unlabeled hPD-L.1 HuMAbs. Binding
of biotin-12A4 to ES-2 cells was substantially blocked by
12A4 itself and by 1B12 and 12B7, and was moderately to
significantly blocked by mAbs 5F8, 10A5, 13G4 and 3G10,
but was not blocked by mAb 10H10.

Example 4

Design of Phase 1 Clinical Study of Anti-PD-1 Ab

A Phase 1 study was conducted to assess the safety,
antitumor activity, and pharmacokinetics of an anti-PD-1 in
patients with selected advanced solid tumors. The human
anti-PD-1 mAb, BMS-936558 (also referred to herein as
nivolumab, and in U.S. Pat. No. 8,008,449 as 5C4), was
administered as an intravenous infusion every 2 weeks of
each 8-week treatment cycle. Tumor status was re-assessed
following each cycle. Patients continued treatment for up to
2 years (12 cycles), until they experienced complete remis-
sion, unacceptable toxicity, disease progression, or withdrew
consent. In patients who were otherwise clinically stable,
study treatment was continued beyond apparent initial dis-
ease progression until further progression was noted as
recommended by proposed immune response criteria (Wol-
chok et al., 2009). Patients with stable disease (SD) or an
ongoing objective response (OR: complete response [CR] or
partial response [PR]) at the end of treatment were followed
for 1 year and were offered retreatment for 1 additional year
in the event of progression.

Dose Escalation

Patients with advanced melanoma (MEL), non-small cell
lung cancer (NSCLC), renal cell carcinoma (RCC), castra-
tion-resistant prostate cancer (CRPC) and colorectal cancer
(CRC) were eligible to enroll. Cohorts of 3-6 patients per
dose level were enrolled sequentially at 1.0, 3.0, and 10.0
mg/kg. Dose escalation proceeded when a minimum of 3
patients had completed the safety evaluation period (56
days) at the given dose level, with dose-limiting toxicity in
less than one-third of patients. Intra-patient dose escalation
was not permitted.

Cohort Expansion

A maximum tolerated dose (MTD) was not reached.
Initially, 5 expansion cohorts of approximately 16 patients
each were enrolled at 10 mg/kg for MEL, NSCLC, RCC,
CRPC and CRC. Based on initial signals of activity, and
following a 6.5-month hiatus for protocol amendment, addi-
tional expansion cohorts of approximately 16 patients each
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were enrolled for MEL (at 1.0 and 3.0 mg/kg, followed by
cohorts randomized to 0.1, 0.3, or 1.0 mg/kg), NSCLC
(squamous or nonsquamous histology cohorts randomized
to 1, 3, or 10 mg/kg), and RCC (at 1.0 mg/kg). Intra-patient
dose escalation to 1 mg/kg was permitted for MEL patients
with progressive disease after receiving 0.1 or 0.3 mg/kg.

Patients

Eligible patients had documented advanced solid tumors;
age >18 years; life expectancy >12 weeks; Eastern Coop-
erative Oncology Group performance status of <2; measur-
able disease by Response Evaluation Criteria in Solid
Tumors (RECIST), v1.0 with modification (see Topalian et
al., 2012b); adequate hematologic, hepatic, and renal func-
tion; and received 1-5 prior systemic treatment regimens.
Patients with stable treated brain metastases were enrolled.
Exclusion criteria included a history of chronic autoimmune
disease, prior therapy with T-cell modulating Abs (e.g.,
anti-CTLA-4, anti-PD-1, anti-PD-L.1), conditions requiring
immunosuppressive medications, and chronic infections
(e.g., HIV, hepatitis B or C).

A total of 296 patients with advanced solid tumors includ-
ing MEL (n=104), NSCLC (n=122), RCC (n=34), CRPC
(n=17), and CRC (n=19) were treated with BMS-936558 for
40 months up to February 2012. By March 2013, 306
patients including patients with non-small cell lung cancer
(0=129), melanoma (n=107), RCC (n=34), CRPC (n=17),
and CRC (n=19) had been treated with BMS-936558 from
October 2008 through January 2012, all with a minimum of
one year of observation. Two patients did not receive a full
cycle of treatment and were not considered response-evalu-
able. Median age was 63 years (range, 29-85). ECOG
performance score was O or 1 in 98% of patients. The
majority of patients were heavily pretreated, with 47%
having received at least 3 prior regimens. Notable prior
therapies included immunotherapy (64%) and B-RAF
inhibitor (8%) in MEL patients; platinum-based chemo-
therapy (94%) and tyrosine kinase inhibitors (TKIs, 34%) in
NSCLC patients; and nephrectomy (94%), immunotherapy
(59%), and anti-angiogenic therapy (74%) in RCC patients.
Baseline characteristics of the total treated population
(N=306) were similar to those of the efficacy population
(response evaluable patients, N=270). Details on the patient
pre-treatments are provided in Topalian et al. (2012b).

Statistical Analysis

Baseline characteristics and adverse events for all treated
patients (N=306), and efficacy results for 270 patients with
lung cancer, melanoma, and kidney cancer as of March 2013
are reported. Pharmacokinetic and molecular-marker popu-
lations consisted of treated patients with available data as of
the February 2012 date of preliminary analysis. The efficacy
population consisted of response-evaluable patients com-
mencing treatment at least 8 months before the date of
analysis. Tumor measurements were collected after each
treatment cycle (4 doses) by investigators. Individual best
objective responses based on the tumor measurements were
assessed by the sponsor per modified RECIST v1.0. Objec-
tive response was confirmed by at least one sequential tumor
assessment. Objective response and stable disease rates were
estimated with confidence intervals using the Clopper-Pear-
son method. Time-to-event endpoints including PFS, OS,
survival rates, and duration of response, were estimated
using the Kaplan-Meier method. AEs were coded using
Medical Dictionary for Regulatory Activities (MedDRA),
version 15.1. Select adverse events with potential immuno-
logic etiologies, also referred to as “immune-related adverse
events” of “AEs of special interest” (AEOSIs), defined as
adverse events that require more frequent monitoring and/or
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unique intervention, were identified using a pre-defined list
of MeDRA terms. Individual best ORs were derived from
investigator-reported data per modified RECIST v1.0. OR

was confirmed by at least one sequential tumor assessment
and OR rate (ORR={[CR+PR]+n}x100) was calculated.

Example 5

Safety Evaluations on Patients Treated with Anti-PD-1 Anti-
body

Safety evaluations, including clinical examination and
laboratory assessments, were conducted in all treated
patients at baseline and regular intervals up to 100 days
following last administration of drug. The severity of AEs
was graded based on the NCI Common Terminology Criteria
for Adverse Events (NCI CTCAE), v3.0. Computed tomog-
raphy (CT) or magnetic resonance imaging was performed
for tumor assessment at baseline and following each treat-
ment cycle.

AMTD was not defined across the doses of BMS-936558
tested on this study, up to the highest planned dose of 10
mg/kg. A relative BMS-936558 dose intensity of 90% or
higher was achieved in 87% of patients (see Topalian et al.,
2012b; Topalian et al., 2013, for details). AEs were coded
using Medical Dictionary for Regulatory Activities (Med-
DRA), version 14.1. AEOSIs were identified using a pre-
defined list of MeDRA terms. Fifteen of 296 (5%) patients
discontinued treatment due to BMS-936558-related AEs. As
of the February 2012 date of preliminary analysis, 62 (21%)
patients had died, and by March 2013, 195 patients (64%)
had died, with disease progression being the most common
cause of death (Topalian et al., 2012b; Topalian et al., 2013).

The most common adverse events, regardless of causality
included fatigue, decreased appetite, diarrhea, nausea,
cough, dyspnea, constipation, vomiting, rash, pyrexia and
pruritus (Topalian et al., 2012b; Topalian et al., 2013).
Common BMS-936558-related AEs included fatigue, rash,
diarrhea, decreased appetite, and nausea. The majority of the
events were low grade, with grade 3-4 drug-related AEs
observed in 41 0f 296 (14%) patients. Treatment-related AEs
(any grade) were observed in 230 of 306 patients (75%), the
most common being fatigue, rash, diarrhea and pruritus
(Topalian et al., 2013). The spectrum, frequency, and sever-
ity of BMS-936558-related AEs were generally similar
across the dose levels tested, with no clear relationship to
treatment duration. Fifty-two of 306 patients (17%) experi-
enced Grade 3-4 treatment-related adverse events, with
fatigue (2%), pneumonitis, lymphopenia, diarrhea, abdomi-
nal pain, and hypophosphatemia (1% each) being the most
common. Treatment-related serious adverse events occurred
in 42 of 306 patients (14%) (Topalian et al., 2013).

Drug-related AEOSIs, with potential immune-related eti-
ologies, were categorized by organ involvement to provide
a more accurate estimate of frequency and included pneu-
monitis, vitiligo, colitis, hepatitis, hypophysitis, and thyroid-
itis among others. Treatment-related select adverse events of
any grade were observed in 140 of 306 patients (46%), the
most common being rash (15%), diarrhea (13%), and pru-
ritus (11%) (Table 2). Grade 3-4 treatment-related select
events were seen in 19 patients (6%).

Fifty-two of 230 patients (23%) with drug-related adverse
events required management with systemic glucocorticoids
and/or other immunosuppressive agents. Hepatic or gastro-
intestinal AEOSIs were managed with treatment interruption
and, as necessary, with administration of corticosteroids.
Among patients treated to-date, these AEs were reversible in
all cases. Endocrine AEOSIs were managed with replace-

10

25

40

45

60

72
ment therapy. Thirty-two of 306 patients (11%) discontinued
therapy due to treatment-related adverse events. At the
discretion of the treating physician, patients successfully
reinitiated treatment with BMS-936558. Twenty-one (40%)
were able to resume nivolumab therapy after toxicity
resolved.

Drug-related pneumonitis (any grade) occurred in 12 of
306 (4%) patients (Topalian et al., 2013). Clinical presen-
tations ranged from radiographic abnormalities in asymp-
tomatic patients, to progressive, diffuse pulmonary infil-
trates associated with symptoms (cough, fever, dyspnea).
Grade 3-4 pneumonitis developed in 4 patients (1%), of
which 3 cases were fatal (2 NSCLC patients, 1 CRC). No
clear relationship between the occurrence of pneumonitis
and tumor type, dose level, or the number of doses received
was noted. In 9 of 12 patients, pneumonitis was reversible
with treatment discontinuation and/or immunosuppression
(glucocorticoids, infliximab, mycophenolate). Following the
most recent pneumonitis-associated death in November
2011, 79 patients continued to receive nivolumab (median
29 weeks, range 2-69 weeks) with no further mortalities
from this or other treatment-related causes.

Example 6

Pharmacokinetics/Pharmacodynamics Analyses on Anti-
PD-1 Antibody

For pharmacokinetic (PK) analyses, serial blood samples
were collected and serum concentrations of BMS-936558
were quantified using by ELISA. For pharmacodynamic
(PD) analysis, peripheral blood mononuclear cells were
isolated from patients at baseline and following cycle 1 to
estimate PD-1 receptor occupancy (RO) by BMS-936558 on
circulating CD3+ T-cells via flow cytometry (Brahmer et al.,
2010).

The maximum concentration of BMS-936558 was
observed at a median T,,,. of 1-4 hours after the start of
infusion. The PK of BMS-936558 was linear with a dose
proportional increase in C,,,, and AUC, ,, , in the dose
range of 0.1-10 mg/kg (n=35). BMS-936558 PD was
assessed by PD-1 RO on circulating T-cells. PBMCs from 65
MEL patients treated with one cycle of BMS-936558 at
0.1-10 mg/kg biweekly demonstrated median occupancy of
PD-1 molecules on circulating CD3* T-cells by BMS-
936558 ranging from 64%-70% (see Topalian et al., 2012b,
for details).

Example 7

Antitumor Efficacy Exhibited by Anti-PD-1 Antibody

Data Analyzed as of February 2012

Clinical antitumor activity was observed at all BMS-
936558 doses tested. ORs (confirmed CR or PR) were
observed in a substantial portion of patients with NSCLC,
MEL, and RCC (Tables 1 and 2; FIG. 4), and in various sites
of metastatic disease including liver, lung, lymph nodes, and
bone (FIGS. 5-7 and not shown). Tumor regressions fol-
lowed conventional as well as “immune-related” patterns of
response, such as prolonged reduction in tumor burden in the
presence of new lesions. Individual best overall responses
were derived from investigator-reported data according to
modified RECIST v1.0. OR was confirmed by at least one
sequential tumor assessment. At the time of data analysis, 2
patients with NSCLC who were treated with 10 mg/kg had
unconfirmed responses, and 8 additional patients (with
MEL, NSCLC, or RCC) had a persistent reduction in
baseline target lesions in the presence of new lesions, (i.e.,



US 9,856,320 B2
73

“immune-related” response pattern). None of these

74
patients with OR who started treatment =1 year prior to data
analysis, 5 (63%) had OR duration =1 yr. SD lasting =24
weeks was observed in an additional 9 (27%) patients.

an
patients was categorized as a responder for the purpose of
calculating OR rates. Antitumor responses and/or prolonged

TABLE 1

Clinical Activity of BMS-936558 in the Efficacy Population* (N = 236)" as
Assessed to February 2012

ORR* SD=24wk  PFSRS

Dose No. Patients (%) No. Patients (%) at 24 wk (%)
Tumor Type (mg/kg) n [95% CI]f [95% CI] [95% CI]
MEL 0.1 14 4 (29) [8-58] 1 (7)[0.2-34] 40 [13-66]

1.0 27 8 (30) [14-50] 3 (11) [2-29] 45 [26-65]
3.0 17 7 (41) [18 67 1(6) [0.1-29] 55 [30-80]

10.0 20 4 (20) [6-44 0 30 [9-51]
ALL MEL 94 26 (28) [19- 38 6 (6) [2-13] 41 [30-51]
NSCLC**
All 1 18 1 (6) [0.1-27] 1 (6) [0.1-27] 16 [0-34]
Squamous 1 50 0 0
Nonsquamous 1 12 0 1(8) [0.2-39] 14 [0-37]
Unknown 1 1 1(100) [3-100] O 1
All 3 19 6 (32) [13-57] 2 (11) [1-33] 1 [18-64]
Squamous 3 6 3 (50) [12-88] O 0 [10-90]
Nonsquamous 3 13 3 (23) [5-54] 2 (15) [2-45] 7 [10-64]
All 10 39 7 (18) [8-34] 2 (5) [0.6-17] 24 [11-38]
Squamous 10 7 3 (43) [10-82] O 43 [6-80]
Nonsquamous 10 31 4 (13) [4-30] 2 (7) [0.8-21] 21 [6-36]
Unknown 10 10 0 0
ALL NSCLC 76 14 (18) [11-29] 5 (7) [2-15] 26 [16-36]
All Squamous 18 6 (33) [13-59] © 33 [12-55]
All 56 7 (13) [5-24] 5 (9) [3-20] 22 [ 11-34]
Nonsquamous
RCC 1 17 4 (24) [7-50] 4 (24) [7-50] 47 [23-71]

10 16 5 (31) [11-59]% 5 (31) [11-39]T 67 [43-91]
ALL RCC 33 9 (27) [13-46] 9 (27) [13-46] 56 [39-73

*The efficacy population consists of response-evaluable patients whose treatment was initiated at least 8 months
before data analysis in February 2012, and had measurable disease at baseline and one of the following: at least
1 on-treatment scan or clinical ev1dence of disease progression or death.

fCR denotes complete response, MEL melanoma, NSCLC non-small cell lung cancer, ORR objective response
rate, PFSR progression-free survival rate, PR pamal response, RCC renal cell cancer, SD stable disease, n number

f patients.

? IIJ)_]ECUVC response rates ({{CR + PR] + n} x 100) have been calculated based on confirmed responses with
confidence intervals calculated using the Clopper-Pearson method. Individual patient responses were adjudicated

ger RECISTS v1.0 with modification (see Topalian et al., 2012b).
Progression-free survival rate was the proportion of patlents who did not progress and were alive at 24 weeks
calculated by the Kaplan-Meier methodology with confidence intervals using the Greenwood method.

One CR.

**One NSCLC patient who was treated at the 3 mg/kg dose level had an initial evaluation of progressive disease,
subsequently had a PR, and was classified as a responder.

disease stabilization were observed in patients irrespective
of prior therapies received (see summary of progression free
interval for patients with OR and SD in Supplementary
Appendix 4 of Topalian et al., 2012b).

In NSCLC patients, 14 ORs were observed at BMS-
936558 doses of 1, 3, or 10 mg/kg with response rates of 6%,
32%, and 18%, respectively. ORs were observed across
NSCLC histologies: 6 responders of 18 squamous (33%), 7
responders of 56 nonsquamous (13%), and 1 of 2 unknown.
All 14 patients with ORs started treatment =24 weeks before
data analysis, and of these, 8 had response duration =24
weeks (Table 1). Stable disease (SD) lasting =224 weeks was
observed in 5 (7%) NSCLC patients, all with nonsquamous
histology. Among MEL patients, 26 ORs were observed at
doses ranging from 0.1-10 mg/kg, with response rates rang-
ing from 19%-41% per dose level. At the 3 mg/kg dose level,
ORs were noted in 7 of 17 (41%) patients. Of 26 MEL
patients who achieved an OR, 17 started treatment =1 year
before data analysis, and of these, 13 patients had an OR
duration =1 yr. The remaining 8 patients with OR were on
study <1 year and 6 had responses ranging from 1.9-5.6
months. SD lasting =24 weeks was observed in 6 (6%)
patients. In RCC patients, ORs occurred in 4 of 17 (24%)
patients treated with a BMS-936558 dose of 1 mg/kg and 5
of 16 (31%) patients treated with 10 mg/kg. Among 8 RCC
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TABLE 2
Duration of Objective Responses to BMS-936558* as Assessed to
February 2012
No. of
Tumor Dose  Patients
Type (mg/kg) with OR Duration of Response (months)"
MEL 0.1 4 7.5+,5.6+,5.6,5.6
0.3 3 3.8+, 2.1+, 1.9+
1 8 24.9+,22.9, 20.3+, 19.3+, 18.4+, 7.6+,
5.6+,
5.3+
3 7 224+, 183+, 15.2+, 12.9, 11.1, 9.3, 9.2+
10 4 24.6+, 23.9+, 18.0+, 17.0
NSCLC* 1 1 9.2+
3 6  30.8+, 7.6+, 5.5+, 3.7+, 1.9+, NAt
10 7 14.8+, 7.6+, 7.3+, 6.7, 4.2, 3.7+, 3.7
RCC 1 4 17.5+,9.24, 9.2, 5.6+
10 S 223+, 21.7+, 129, 12.0, 8.4

*MEL denotes melanoma, NA not applicable, NSCLC non-small cell lung cancer, RCC
renal cell cancer.

*Time from first response to time of documented progression, death, or for censored data,
time to last tumor assessment.

One patient was treated beyond an initial evaluation of progressive disease and subse-
quently had a PR; this patient was classified as a responder for the purposes of calculating
response rates by RECIST v1.0 but was not eligible for calculation of duration of response.
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Data Analyzed as of March 2013

Objective responses were observed in patients with
NSCLC (17%), MEL (31%), and RCC (29%), but not with
CRC or CRPC. Responses were observed across all
nivolumab doses tested; response rates in NSCLC patients

76

by 1- and 2-year landmark OS rates, was noted in each of the
responding populations as follows: NSCLC, 42% and 14%;
MEL, 62% and 43%; and RCC, 70% and 50% (Table 3).
Median OS of 9.6 months for lung cancer (9.2 and 10.1

receiving 1 mg/kg, versus 3 or 10 mg/kg, appeared to be 5 months for squamous and non-squamous NSCLC histolo-
decreased (3%, versus 24% and 20%, respectively) (Tables gies, respectively), 16.8 months for MEL’, and more than 22
3 and 4). Thirteen of 270 patients (4.8%) with responding months .for RCC, were obser\{ ed; median PFS was 2j3
histologies had unconventional response patterns that did months in NSCLC} 3.7 mopths in MEL, and 7.3 months in
not meet RECIST criteria (e.g., persistent reduction in target RCC; and the me{han duration of response was 74, 104, and
lesions in the presence of new lesions or regression follow- 56 weeks, respectively (Table 4). Among 16 responders who
ing initial progression) (Wolchok et al, 2009). Additional discontinued therapy for reasons other than disease progres-
patients manifested SD for 24 weeks or longer (10% sion and were followed for at least 24 weeks, 13 (81%)
NSCLC, 7% MEL, 27% RCC). Sustained survival, reflected remained in response at the time of analysis (FIG. 8).
TABLE 3

Clinical Activity of Nivolumab in the Efficacy Population (N = 306)* as Assessed to March 2013

ORRs' No. of Median Stable Disease No. of Median Median Overall Survival
patients/total no. Duration of patients/total no. of patients Progression- Overall Rate, % (95% CI);
of patients (%) Response?, (%) [95% CI] free Survival, Survival, patients at risk, n
Tumor Type [95% CI] wk (range) =24 wk =48 wk mo (95% CI) mo (95% CI) 1yr 2 yr
Non-small cell 22/129 (17.1) 74.0 13/129 (10.1) 6/129 (4.7) 2.3 9.6 42 14 (4, 24); 5
lung cancer** [11.0, 24.7] (6.1+, 133.9+4) [5.5, 16.6] [1.7, 9.8] (1.9, 3.7) (7.8, 12.4) (33, 51); 43
Squamous 9/54 (16.7) NRS 8/54 (14.8) 3/54 (5.6) 3.7 9.2 39 9
[7.9, 29.3] (16.1, 133.94) [6.6, 27.1] [1.2,15.4] (1.8,7.2) (7.3,12.5) (25, 53): 16
Non- 13/74 (17.6) 63.9 5/74 (6.8) 3/74 (4.1) 2.0 10.1 43 9
squamous [9.7, 28.2] (6.1+, 74.04) [2.2, 15.1] [0.8, 11.4] (1.8, 3.6) (7.2,13.7) (31, 54): 26
Melanoma 33/107 (30.8) 104 7/107 (6.5) 4/107 (3.7) 3.7 16.8 62 43 (32, 53); 26
[22.3, 40.5] (18.4, 117.0+) [2.7,13.0] [1.0, 9.3] (1.9, 9.1) (12.5, 31.6) (53, 72); 55
Kidney cancer 10/34 (29.4) 56.1 9/34 (26.5) 2/34 (5.9) 7.3 >20% 70 50 (31, 70); 8
[15.1, 47.5] (36.6, 126.7+) [12.9, 44.4] [0.7,19.7] (3.7, 12.9) (13.6, NEA) (35, 86); 23

*No objective responses were seen in 19 patients with colorectal cancer or 17 patients with castration-resistant prostate cancer.

TObjective response rates ({[CR + PR] + n} x 100) have been calculated based on confirmed responses with confidence intervals calculated using the Clopper-Pearson method. Individual
tient responses were adjudicated per RECIST v1.0 with modification (see Methods S1 and study protocol, NEJTM.org).
Time from first response to time of documented progression, death, or for censored data (denoted by “+”), time to last tumor assessment.

**Among 129 patients with non-small-cell lung cancer, 1 had an unknown histology and did not show an objective response. Others had squamous or non-squamous histologies, as

indicated.

S$NR, not reached; the time point at which the probability that responders progress drops below 50% has not been reached due to insufficient number of events and/or follow-up.

9 Insufficient period of follow-up.

I CR was noted in melanoma, and 1 CR in kidney cancer.

#The median overall survival was not reached at 22 months, the longest time to death so far in patients with kidney cancer in this trial.

AN'E, not estimable.

TABLE 4

Clinical Activity of Nivolumab by Dose Level as Assessed to March 2013

ORRs* No. of Median Stable Disease Median
patients/total Duration of No. of patients/total no. of Progression- Median Overall
Tumor Dose, no. of patients (%) Response wk patients (%) [95% CI] free Survival, Survival, mo
Type mg/kg [95% CI] (range)* =24 wk =48 wk mo (95% CI) (95% CI)
Non-small All 22129 (17.1) 74.0 13/129 (10.1)  6/129 (47) 2.3 (1.9,3.7) 9.6 (7.8, 12.4)
cell doses  [11.0, 24.7] (6.1+, 133.9+) [5.5, 16.6] [1.7, 9.8]
lung cancer 1 1/33 (3.0) 63.9 5/33(152)  2/33(6.1) 1.9 (1.8, 3.6) 9.2 (5.6, 11.1)
[0.1, 15.8] (63.9, 63.9) [5.1, 31.9] [0.7, 20.2]
3 9/37 (24.3) NRE 3/37 (8.1) 2/37 (5.4) 1.9(1.7,73) 149 (9.5, NE)
[11.8, 41.2] (16.1+, 133.9+) [1.7, 21.9] [0.7, 18.2]
10 12/59 (20.3) 83.1 5/59 (8.5) 2/59 (34) 3.6 (1.9, 3.8) 9.2 (5.2, 12.4)
[11.0, 32.8] 6.1+, 117.1+) [2.8, 18.7] [0.4, 11.7]
Squamous All 9/54 (16.7) NR 8/54 (14.8)  3/54(5.6)  3.7(1.8,7.2) 9.2 (7.3, 12.5)
doses [7.9, 29.3] (16.1, 133.9+) [6.6, 27.1] [1.2, 15.4]
1 0 0 4/15 (26.7) 1/15 (6.7) 1.9 (1.8, 7.5) 8.0 (2.6, 13.3)
[7.8, 55.1] [0.2, 31.9]
3 4/18 (22.2) NR 1/18 (5.6) 1/18 (5.6)  3.8(1.7,149) 9.5, (6.7, NE)
[6.4, 47.6] (16.1, 133.9+) [0.1, 27.3] [0.1, 27.3]
10 5/21 (23.8) 83.1 321 (143) 121 (48)  4.1(1.8,7.6)  10.5(7.8,12.5)
[8.2, 47.2] (16.1, 117+) [3.0, 36.3] [0.1, 23.8]
Non- All 13/74 (17.6) 63.9 5/74 (6.8) 3/74 (41) 2.0 (1.8,3.6) 10.1 (7.2, 13.7)
squamous doses [9.7, 28.2] 6.1+, 74.0+) [2.2, 15.1] [0.8, 11.4]
1 1/18 (5.6) 63.9 1/18 (5.6) 1/18 (5.6) 1.8 (1.7, 3.6) 9.9 (5.6, 22.7)
[0.1, 27.3] (63.9, 63.9) [0.1, 27.3] [0.1, 27.3]
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TABLE 4-continued

Clinical Activity of Nivolumab by Dose Level as Assessed to March 2013

ORRs* No. of Median Stable Disease Median
patients/total Duration of No. of patients/total no. of Progression- Median Overall
Tumor Dose, no. of patients (%) Response wk atients (%) [95% CI free Survival, Survival, mo
Type mg/kg [95% CI] (range)* =24 wk =48 wk mo (95% CI) (95% CI)
3 5/19 (26.3) 74.0 2/19 (10.5) 1/19 (5.3) 1.8 (1.7, 12.5)  18.2 (10.3, 18.2)
[9.1, 51.2] (24.3, 74.04) [1.3,33.1] [0.1, 26.0]
10 7/37 (18.9) NR 2/37 (5.4) 1/37 (2.7) 2.3 (1.9, 3.8) 7.4 (4.6, 12.4)
[8.0, 35.2] (6.1+, 65.7+) [0.7, 18.2] [0.1, 14.2]
Melanoma® All 33/107 (30.8) 104 7 (6.5) 4(3.7) 3.7 (1.9,9.1) 16.8 (12.5, 31.6)
doses [22.3, 40.5] (18.4, 117.0+) [2.7, 13.0] [1.0,9.3]
0.17 6/17 (35.3) NR 0 0 3.6 (1.7,9.1) 16.2 (8.6, NE)
[14.2, 61.7] (24.1, 48.7+)
0.37 5/18 (27.8) NR 1(5.6) 0 1.9 (1.8, 9.3) 12.5 (7.7, NE)
[9.7, 53.5] (18.4, 66.3+) [0.1, 27.3]
1 11/35 (31.4) 104 5/35 (14.3) 4/35 (11.4) 9.1 (1.8,24.7) 253 (14.6, NE)
[16.9, 49.3] (32.4, 108.1+) [4.8, 30.3] [3.2, 26.7]
3 7/17 (41.2) 75.9 1/17 (5.9) 0 9.7 (1.9, 16.4) 203 (8.2, NE)
[16.9, 67.1] (40.1+, 115.44) [0.1, 28.7]
10 4/20 (20.0) 112 0 0 3.7 (1.7, 20.50) 11.7 (7.2, 37.8)
[5.7, 43.7] (73.9, 117+)
Kidney All 10/34 (29.4) 56.1 9/34 (26.5) 2/34 (5.9) 7.3 (3.7,12.9) >22* (13.6, NE)
cancer? doses [15.1, 47.5] (36.6, 126.7+) [12.9, 44.4] [0.7, 19.7]
1 5/18 (27.8) 56.1 4/18 (22.2) 1/18 (5.6) 4.7 (1.9,109)  NR (17.9, NE)
[9.7, 53.5] (40.1, 76.1+) [6.4, 47.6] [0.1, 27.3]
10 5/16 (31.3) 56.1 5/16 (31.3) 1/16 (6.3) 8.0 (3.7,14.0) 18.8 (11.6, NE)
[11.0, 58.7] (36.6, 126.7+) [11.0, 58.7] [0.2, 30.2]

*Objective response rates ({[CR + PR] + n} x 100) have been calculated based on confirmed responses with confidence intervals calculated using the
Clopper-Pearson method. Individual patient responses were adjudicated per RECIST v1.0 with modification (see Methods S1 and study protocol, NEIM.org).
*Time from first response to time of documented progression, death, or for censored data (denoted by “+”), time to last tumor assessment.

IN’R, not reached; the time point at which the probability that responders progress drops below 50% has not been reached due to insufficient number of events

and/or follow-up.
§1 CR was noted in melanoma, and 1 CR in kidney cancer.

TFive patients with tumor progression were dose-escalated from 0.1 to 1.0 mg/kg, and six from 0.3 to 1.0 mg/kg. None of these patients responded to therapy.
#The median overall survival was not reached at 22 months, the longest time to death so far in patients with kidney cancer in this trial.

ANE, not estimable.

Example 8 . however, that this analysis was based in part on optional
biopsies from a non-random subset of the population and
Correlation Between Membranous PD-I.1 Expression and testing of a statistical hypothesis was not pre-specified.
Anti-PD-1 Response Sixty-one pretreatment tumor specimens from 42 patients
IHC staining of PD-L1 was performed on pretreatment 4, (18 MEL, 10 NSCLC, 7 CRC, 5 RCC, and 2 CRPC) were
formalin-fixed paraffin-embedded (FFPE) tumor specimens analyzed for tumor cell surface PD-L1 expression (FIG. 8).
using the murine anti-human PD-L.1 mAb 5SH1 (Dong et al., Biopsy specimens from 25 of 42 patients were positive for
2002) in a standard IHC protocol (Taube et al., 2012; Supp. PD-L1 expression by ITHC. A Fisher’s exact test was applied
Materials). Briefly, 5 um-FFPE sections mounted on glass to assess the association between PD-L1 expression and OR
slides were deparaflinized in xylene and antigen retrieval 45 in a post-hoc analysis. Among the 42 surface-PD-L1*
was performed using a Tris-EDTA buffer, pH 9.0 at 120° C. patients, 9 (36%) achieved an OR, whereas among 17
for 10 min in a Decloaking Chamber (Biocare Medical). patients with PD-LF tumors, none achieved an OR (FIG.
Endogenous peroxidase, biotin and proteins were blocked ~ 8A). Thus, in a subset of patients cell surface expression of
(CAS system K1500, Dako; Avidin/biotin Blocking Kit, PD-L1 on tumor cells in pretreatment biopsies is associated
SP-2001, Vector Laboratories; Serotec Block ACE), and the 50 with an increased rate of OR among patients treated with
primary SH1 Ab was added at a concentration of 2 ug/mland ~ BMS-936558, while no patients with documented PD-L1-
allowed to incubate at 4° C. for 20 h. Secondary Ab negative tumors experienced an OR. These data indicate that
(biotinylated anti-mouse 1gG1, 553441 BD) was applied at tumor PD-L1 expression is a molecular marker that can
a concentration of 1 pg/ml for 30 min at room temperature enable patient selection for anti-PD-1 immunotherapy.
(RT). The signal was then developed with amplification 55
according to the manufacturer’s protocol (CAS system Example 9
K1500, Dako). Sections were counterstained with hema-
toxylin, dehydrated in ethanol and cleared in xylene, and a Isolation of Rabbit mAbs that Detect Membranous hPD-L.1
coverslip was applied. Antigen in FFPE Tissues
The percentage of tumor cells exhibiting cell surface 60  Rabbit Abs against human PD-L1 polypeptide were pre-
staining for PD-L1 was scored by two independent patholo- pared by Epitomics, Inc. (Burlingame, Calif)) by immuni-
gists who were blinded to treatment outcomes. PD-L1 zation of rabbits using a recombinant human PD-L.1 fusion
positivity was defined per specimen by a 5% expression protein. Antiserum titers were evaluated using standard
threshold (Taube et al., 2012; Thompson et al., 2006), and in direct ELISA with the hPD-L1 antigen, and cell ELISA
cases with multiple specimens, if any specimen met this 65 using transfected cells overexpressing hPD-L1. These Abs

criterion. A Fisher’s exact test was applied to assess the
association between PD-L1 expression and OR, noting,

were also screened for their ability to bind to PD-L1 by IHC
assay of FFPE tissue sections. The rabbit with the highest Ab
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titer was selected for splenectomy. Lymphocytes isolated
from the spleen were fused to myeloma cells in 40x96-well
plates, and screened by ELISA against the immunizing
PD-L1 antigen and by cell ELISA against cells overexpress-
ing hPD-L1. Positive clones were expanded into 24-well
plates, and confirmatory screens were conducted by direct
ELISA and cell ELISA. The supernatants (sups) of clones
that were specific to the screening antigen were re-screened
by IHC.

A set of mouse anti-hPD-L.1 mAbs were also produced by
immunization of mice using a protocol similar to that
described above for the rabbit mAbs.

Out of a total of 185 multiclones from both rabbit and
mouse immunizations screened, only ten rabbit multiclone
Abs specifically detected the membranous form of hPD-L1.
None of the purified mouse subclones were found to spe-
cifically detect cell surface hPD-L1. Sixty subclones from
the top five rabbit multiclones (designated Nos. 13, 20, 28,
29 and 49, each comprising 12 subclones) were screened
initially by IHC on FFPE low density tissue microarrays
(TMAs), followed by confirmation and specificity verifica-
tion in narrowed 25 subclones. Rabbit IgG was used as a
negative isotype control, and mAb 5H1 (Dong et al., 2002)
was used as the positive control. Specificity was further
verified by antigen preabsorption assay. Through two rounds
of IHC, the following 15 purified subclones were selected as
the most promising Abs in terms of specificity and intensity
of staining: 13-1, 13-3, 13-7, 13-8; 20-5, 20-7, 20-12, 20-6;
28-1, 28-8, 28-12; 29-8; 49-5, 49-7 and 49-9 Immunoreac-
tivity data on these selected Abs are summarized in Table 5.

TABLE 5

Immunoreactivity of Rabbit Anti-hPD-L.1 mAbs

Specific Staining Non-Specific staining

Pos. vs Neg.  Intensity Range on  Background Staining on

Antibody Staining on  Tissues™ (Very High, Tissues (High, Medium,
Name PD-LI Cells* High, Medium, Low) Low)

13-1 Pos Low to Very High None

13-3 Pos Low to High None

13-7 Pos Low to High None

13-8 Pos Low to High None

20-5 Pos Low to Very High High

20-6 Pos Low to High Medium

20-7 Pos Low to High Medium

20-12 Pos Low to High Medium

28-1 Pos Low to Very High None

28-8 Pos Medium to Very High None

28-10 Pos Medium to Very High Low

28-12 Pos Low to Very High None

49-5 Pos Low to High None

49-7 Pos Low to High Low

49-9 Pos Low to High None

SH1 Pos High to Very High None

Rb IgG Neg Neg None

*PD-L1 stably transfected CHO cells vs. CHO-S control;

*PD-L1 positive tissues included placenta and one non-small cell lung cancer; Detection
up to “very high” expression suggests better sensitivity at detecting membranous PD- L1.

Additional assays were performed to further characterize
the purified Ab clones, including determining binding affin-
ity and cross-competition among the Abs (to identify over-
lapping versus different epitope regions) by surface plasmon
resonance. All the Abs exhibited high binding affinity
(K,<10® M). These 15 purified clones were also
re-screened by IHC on FFPE low density TMA or regular
sections against various cell and tissue types known to be
positive or negative for cell surface expression of PD-L1.
Rabbit IgG was used as the isotype control, and mAb SH1
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was used as the positive control. At high concentration (10
pg/ml), clones 28-x and 49-x displayed low to moderate
levels of background staining in tissues, while clones 13-x
exhibited no background staining, which suggests that the
13-x clones have a wider dynamic range. The 20-x clones
displayed various degree of background staining which was
primarily cytoplasmic and diffuse. The clone with most
robust detection specifically of membranous PD-L1, rabbit
clone 28-8 (K,=100 p M, as determined by SPR), was
selected as the lead Ab for subsequent IHC assays. MAbs
28-1, 28-12, 20-12 and 29-8 had K, values of 130 pM, 94
pM, 160 pM and 1200 pM, respectively. The sequences of
the heavy chain variable (V) and light (kappa) chain
variable (V) regions of mAb 28-8 are set forth in SEQ ID
NOs. 35 and 36, respectively. The 28-8 Ab was shown to
recognize a different epitope from mouse mAb 5H1, based
on SPR analysis. Clones 28-1, 28-12, 29-8 and 20-12 were
the next best Abs in terms of robust detection of membra-
nous PD-L1 in FFPE tissues. Although mAb 13-1 had the
best specificity in terms of detection of membranous PD-L1,
the maximal detection level was lower than that of the other
lead Abs. Western blotting was also performed with plus/
minus antigen competition to verify the specificity of the top
selected Abs for PD-L1.

The binding of mAbs 5SH1 and 28-8 to membranous
PD-L1 in FFPE test tissue samples comprising tumor cells
and tumor-infiltrating inflammatory cells from different
types of tumors was compared. Membranous PD-L1 expres-
sion was evaluated using the histoscore method performed
by 2 independent pathologists. Four NSCLC, 2 MEL, and 2
RCC tumors were stained with 28-8 at 2 pg/ml and SH1 at
5 pg/ml. The data are tabulated in Table 6, and shown
graphically in FIG. 9. The rabbit mAb 28-8 showed better
detection (higher histoscores) for 7 out of 10 samples using
2.5-fold less Ab, and in only one sample was the histoscore
for SH1 slightly higher than for mAb 28-8.

TABLE 6
Comparison of mAbs 28-8 and 5H1 by histoscore analysis
Histoscore Histoscore

Tissue Sample 1.D. Average (SH1) Average (28-8)
NSCLC 1080754B 245 261
NSCLC 1080766B 103 130
NSCLC 1080790 40 37
NSCLC 1080993B 12 16
Mel T030668 98 113
Mel T980744 98 123
Mel 1168657B 0 0
Mel T980747 1 9
RCC 1164619B 4 4
RCC 1167809B 108 125

Taube et al. (2012) demonstrated by flow cytometry on
cultured cells that mAb 5H1 bound to the cell surface, and
the specificity of binding to PD-L.1 was confirmed using a
PD-L1 fusion protein to competitively block binding of the
SH1 mADb to tissue sections. These authors also compared
SH1 with a rabbit polyclonal anti-hPD-L1 Ab, 4059, previ-
ously described by Gadiot et al. (2011), and found that
whereas SH1 showed a cell surface staining pattern on FFPE
samples, pAb 4059 demonstrated diffuse cytoplasmic stain-
ing. Further, when SH1 was compared to pAb 4059 by
western blot analysis, Ab 4059 bound to multiple proteins in
lysates of melanoma cells in addition to a 50 kDa protein
corresponding to the expected mass of glycosylated PD-L1,
in contrast to SH1 which specifically detected the 50 kDa
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band of glycosylated PD-L1 (Taube et al., 2012). Contrary
to the results of Taube et al. (2012) and the results disclosed
herein (summarized in Table 7), Gadiot et al. (2011) reported
that mAb SH1 produced a high level background staining in
FFPE tissue samples, whereas they found that pAb 4059
produced satisfactory specific staining of PD-L.1 in FFPE
samples. Thirteen other Abs tested by Gadiot et al. (2011)
either did not stain FFPE tissues, gave a high background
staining, or were not blocked by PD-L1 fusion protein
competition, highlighting the difficulties in obtaining anti-
PD-L1 Abs that bind specifically to PD-L1 in FFPE tissues.

In the present study, an automated IHC assay (see
Example 10) was used to evaluate the binding of several
commercially available anti-PD-L.1 Abs and SH1 (Dong et
al., 2002) to FFPE tissue samples containing various cells
expressing PD-L1. The results, summarized in Table 7, show
that none of the commercially available Abs tested specifi-
cally recognized membranous PD-L1 expression in human
tissues known to express PD-L.1, or to clearly distinguish
CHO cells expressing PD-L.1 versus the untransfected parent
CHO cells that did not express PD-L1. The inability of the
polyclonal Ab (pAb) 4059 to bind specifically recognized
membranous PD-L1 is consistent with the findings of Taube
et al. (2012). The binding of 28-8 was similar to that of SH1
in this assay, though histoscore analysis suggests that 28-8
performs better than SHI1.

TABLE 7

Binding of mAbs to FFPE Samples Containing PD-LI-expressing cells

Clone No.  Pos. vs. Neg. Human
Antibody (mAb)/Catalog  Staining on Positive
Source Types No. (pAb)  PD-L1 Cells*  Tissues’
MBL mAb 27A2 Failed Failed
BioLegend mAb 29E.2A3 Failed Failed
eBiosciences mAb MI1H1 No Staining No staining
Collaborator mAb SH1 Passed Passed
ProSci pPAb 4059 Failed Failed
LifeSpan pPAb LS-B480/0604 Failed Failed
BioSciences
Bristol-Myers mAb 28-8 Passed Passed

Squibb

*PD-L1 stably transfected CHO cells vs. parent CHO-S negative control;

*PD-L1 positive tissues included tonsil and/or thymus; mAb, mouse monoclonal Ab; pAb,
rabbit polyclonal Ab.

Example 10

Development of Automated IHC Protocol for Assessing
PD-L1 Expression

An automated IHC protocol was developed to assay
PD-L1 expression in FFPE specimens. Tissue sections (4
um) were mounted on slides, deparaffinized in an autostainer
(Leica) by soaking twice for 5 min in xylene, and re-
hydrated by soaking twice for 2 min each time in 100%
EtOH, twice in 95% (v/v) EtOH, once in 70% (v/v) EtOH,
and once in de-ionized water (dH,O). Antigen retrieval was
performed using a decloaking chamber (Biocare Medical
Decloaking Chamber Plus) and Dako pH 6 buffer, heated to
110° C. (P1) for 10 min, then moved to the next step (P2
FAN ON at 98° C.; FAN OFF at 90° C.). The slides were
cooled at room temperature (RT) for 15 min and rinsed with
water for about 1 min.

Reagents were set up on an autostainer (BioGenex 16000),
and the tissue area was defined using a pap pen. The IHC
assay, run using the autostainer in research mode, comprised
the following steps: neutralizing endogenous peroxidase
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using the Peroxidase Block (Leica) for 10 min, followed by
rinsing 3 times with IHC wash buffer (Dako); applying
Protein Block (Leica) to the slides, and incubating for 10
min at RT, followed by washing 3 times with wash buffer;
applying the primary Ab to the slides (2 pg/ml) and incu-
bating for 1 h at RT, followed by washing 6 times with wash
buffer; adding Post Primary Block (NovoLink Kit) to the
slides and incubating for 30 min, followed by washing 6
times with wash buffer; adding NovoLink Polymer (Nov-
oLink Kit) to the slides and incubating for 30 min, followed
by washing 6 times with wash buffer; adding the DAB
chromogen substrates (NovoLink Kit) and developing for 3
min, followed by rinsing 5 times with dH,O at RT; coun-
terstaining with hematoxylin (NovoLink Kit) for 1 min at
RT, followed by washing 3 times with dH,O for 5 times at
RT. The primary Ab was selected from the rabbit anti-PD-L1
Abs shown in Table 4; mAb 28-8 was the preferred Ab. As
a negative control, rabbit IgG (Dako) was used. The tissue
sections were dehydrated using a Leica autostainer by
washing once for 2 min in 70% EtOH, twice for 2 min in
95% EtOH, and three times for 2 min in 70% EtOH, then
cleared by washing three times for 5 min in xylene. The
sections were permanently mounted with permount to the
slide, covered with a coverslip, and transferred to a chemical
hood to dry.

Example 11

Design of Phase 1 Clinical Study on Anti-PD-L.1 Antibody

Study Design

A phase 1 study was conducted to assess the safety and
tolerability of BMS-936559 (also referred to herein and in
U.S. Pat. No. 7,943,743 as 12A4) in patients with selected
advanced solid tumors. Secondary objectives included initial
assessment of the antitumor activity of BMS-936559 and
pharmacokinetic evaluation. Pharmacodynamic measures
were included under exploratory objectives. Patients were
treated in 6-week cycles of BMS-936559 administered as a
60-minute intravenous infusion every 2 weeks on days 1, 15,
and 29 of each cycle. Patients continued treatment for up to
16 cycles unless they experienced unacceptable toxicity,
disease progression, or withdrew consent. In some patients
who were clinically stable, treatment beyond initial disease
progression was permitted until further progression was
confirmed.

Dose Escalation

Patients with advanced NSCLC, MEL, CRC, RCC, ovar-
ian (OV), gastric (GC), breast (BC), and pancreatic (PC)
carcinoma were eligible to enroll. Using an accelerated
titration design, safety was assessed at doses 0o 0.3, 1, 3, and
10 mg/kg. One patient was enrolled in each successive
cohort until there was a =grade 2 drug-related AE during
cycle 1. Two additional patients were then enrolled at that
dose level and the study was transitioned to a standard 3+3
design. Intra-patient dose escalation or de-escalation was not
permitted. The maximum tolerated dose (MTD) was defined
as the highest dose where less than one-third of patients had
a dose-limiting toxicity.

Cohort Expansion

Initially, 5 expansion cohorts (n=16/cohort) were enrolled
at 10 mg/kg for patients with NSCLC, MEL, RCC, OV, and
CRC. Based on initial signals of activity, additional expan-
sion cohorts (up to n=16/cohort) were enrolled for MEL (at
1.0 and 3.0 mg/kg), NSCLC (squamous or nonsquamous
histology cohorts randomized to 1, 3, or 10 mg/kg), and at
10 mg/kg for PC, BC, and GC.
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Patients

Patients were required to have documented advanced
NSCLC, MEL, RCC, OV, CRC, PC, GC, or BC, and have
failed at least one prior tumor-appropriate therapy for
advanced/metastatic disease (except for PC or GC patients
who could be treatment-naive). Other inclusion criteria
included age =18 years, life expectancy =12 weeks, Eastern
Cooperative Oncology Group performance status of =2,
measurable disease as defined by RECIST v1.0, and
adequate hematologic, hepatic, and renal function. Patients
with treated brain metastases were allowed, if stable for at
least 8 weeks. Major exclusion criteria included a history of
autoimmune disease or other diseases requiring systemic
steroids or immunosuppressive medication, prior therapy
with T cell-modulating Abs (including anti-PD-1, anti-PD-
L1 and anti-CTLA-4), history of HIV, or active hepatitis B
or C.

In this ongoing study, 207 patients with NSCLC (n=75),
MEL (n=55), CRC (n=18), RCC (n=17), OV (n=17), PC
(n=14), GC (n=7), or BC (n=4) were treated with BMS-
936559 during a 34-month period and are included in the
safety data. Efficacy was characterized in 160 response-
evaluable patients. The baseline demographic characteristics
of the total and response-evaluable patient populations were
very similar (Brahmer et al., 2012). Among treated patients,
86% had received prior chemotherapy and 28% immuno-
logic or biological therapy. Prior therapies by tumor type
included immunotherapy (56%) and B-RAF inhibitor (9%)
in patients with MEL; platinum-based chemotherapy (95%)
and tyrosine kinase inhibitors (TKIs; 41%) in patients with
NSCLC; and nephrectomy (94%), anti-angiogenic therapy
(82%), and immunotherapy (41%) in patients with RCC (see
Brahmer et al., 2012, for more details on patient pre-
treatments).

Statistical Analysis

All 207 patients commencing treatment as of the date of
analysis were used for summaries of baseline characteristics
and AEs. The efficacy population consisted of 160 response-
evaluable patients who initiated treatment at least 7 months
before the date of analysis. AEs were coded using MedDRA
v14.1. Individual best overall responses were derived from
radiographic scan measurements according to modified
RECIST v1.0. ORs were confirmed by at least one sequen-
tial tumor assessment. Additional details regarding statistical
methods are provided in Brahmer et al. (2012).

Example 12

Safety Evaluations on Patients Treated with Anti-PD-L1
Antibody

Safety evaluations (clinical examination and laboratory
assessments) were conducted on all treated patients at base-
line and regular intervals (weekly during cycle 1 and
biweekly thereafter). AE severity was graded based on the
NCI CTCAE, v3.0. Disease assessment via computed
tomography (CT) scans or magnetic resonance imaging was
performed at baseline and prior to each treatment cycle.

A MTD was not reached up to the highest tested dose of
10 mg/kg of BMS-936559. The median duration of therapy
was 12 weeks (range 2.0-111.1 weeks). A relative dose
intensity of 290% was achieved in 86% of patients. Twelve
of 207 patients (6%) discontinued treatment due to a BMS-
936559-related AE (see Brahmer et al., 2012, for details).

AFE:s regardless of causality (any grade) were reported in
188 of 207 patients. Investigator-assessed BMS-936559-
related AEs were noted in 126 of 207 (61%) patients. The
most common drug-related AEs were fatigue, infusion reac-
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tions, diarrhea, arthralgia, rash, nausea, pruritus, and head-
ache. Most events were low grade with BMS-936559-
related grade 3-4 events noted in 19 of 207 (9%) patients
(Brahmer et al., 2012). The spectrum, frequency, and sever-
ity of BMS-936559-related AEs were similar across the dose
levels, with the exception of infusion reactions. Drug-related
AEOSIs, with potential immune-related etiologies, were
observed in 81 of 207 (39%) of the patients and included
rash, hypothyroidism, hepatitis, and single cases each of
sarcoidosis, endophthalmitis, diabetes mellitus, and myas-
thenia gravis (Brahmer et al., 2012). These AEs were
predominantly grade 1-2 and generally reversible with treat-
ment interruption or discontinuation. Notably, 9 patients
were treated with corticosteroids for the management of
AEs. AEs improved or resolved in all patients. Furthermore,
4 of these 9 patients maintained disease control despite
treatment with corticosteroids. Endocrine AEs were man-
aged with replacement therapy and patients reinitiated treat-
ment with BMS-936559 at the discretion of the treating
physician. Infusion reactions were observed in 21 of 207
(10%) patients, predominantly at 10 mg/kg. They were
grade 1-2 with the exception of one grade 3 event at 10
mg/kg. Infusion reactions were generally rapidly reversible
with antihistamines and antipyretics and, in some cases,
corticosteroids. A prophylactic regimen with antihistamines
and antipyretics was implemented during the study. Patients
with grade 1-2 infusion reactions were able to continue
treatment with BMS-936559 with prophylactic antihista-
mines and antipyretics and at a reduced infusion rate.
BMS-936559-related serious AEs occurred in 11 of 207
(5%) patients. As of the data analysis date, 45 patients (22%)
had died (Brahmer et al., 2012); no drug-related deaths were
observed.

Example 13

Pharmacokinetics/Pharmacodynamics Analyses on Anti-
PD-L1 Antibody

For PK analyses, serial blood samples were collected and
serum concentrations of BMS-936559 were quantified by
ELISA. Peripheral blood mononuclear cells were isolated
from patients at baseline and following one treatment cycle
to assay PD-L1 RO by BMS-936559 on circulating CD3-
positive T-cells via flow cytometry (Brahmer et al., 2010).

Serum concentrations of BMS-936559 increased in a
dose-dependent manner from 1-10 mg/kg (n=131). Geomet-
ric mean area under the curve (0-14 days) for the 1, 3, and
10 mg/kg dose levels were 2210, 7750, and 36620 pg/ml.-hr
(coefficient of variation [CV] 34-59%), respectively; geo-
metric mean peak concentrations at these dose levels were
27, 83, and 272 pg/mL (CV 30-34%), respectively, after the
first dose. The half-life of BMS-936559 was estimated from
population pharmacokinetic data as approximately 15 days.
PD-L1 RO on CD3-positive peripheral blood lymphocytes
was assessed in 29 MEL patients at the end of 1 cycle of
treatment, at BMS-936559 doses from 1-10 mg/kg. Median
RO exceeded 65% for all groups (Brahmer et al., 2012).

Example 14

Antitumor Efficacy Exhibited by Anti-PD-L1 Antibody
One-hundred and sixty patients out of the 207 treated
were evaluable for response by February 2012 and included
those with NSCLC, MEL, CRC, RCC, OV, and PC, but not
patients with GC or BC. Clinical activity was observed at all
doses =1 mg/kg (Brahmer et al., 2012). ORs (confirmed
complete [CR] or partial [PR] responses) were observed in



US 9,856,320 B2

85

patients with MEL, NSCLC, RCC, and OV (Table 8), as
illustrated by representative spider plots and CT scans
(FIGS. 10-13), and many ORs were also durable (Table 9).
Four additional patients had a persistent reduction in target
lesions in the presence of new lesions, consistent with an
“immune-related” pattern of response; however, for the
purpose of calculating response rates, they were not catego-
rized as responders. Antitumor responses and/or prolonged
stable disease (SD) were observed in patients with a variety
of prior therapies received. ORs were observed even in
patients with an extensive burden of metastatic disease.

In patients with MEL, there were 9 ORs across the 1, 3,
and 10 mg/kg dose levels, with response rates of 6%, 29%,
and 19%, respectively. Three MEL patients achieved a CR.
All 9 MEL patients who experienced an OR started treat-
ment =1 year prior to data analysis; of these 5 had a response
duration =1 year. Additionally 14 MEL patients (27%) had
SD lasting =24 weeks. In patients with NSCLC, there were
5 ORs amongst the 3 and 10 mg/kg dose levels, with
response rates of 8% and 16%, respectively. There were ORs
in patients with non-squamous (n=4) or squamous histology
(n=1). All 5 NSCLC responders started treatment =24 weeks
prior to data analysis; of these, 3 had responses lasting =24
weeks. Six additional NSCLC patients had SD lasting =24
weeks. There was 1 PR out of 17 patients with OV (6%
response rate) and 3 patients (18%) with SD lasting =24
weeks, all at the 10 mg/kg dose. In patients with RCC, there
were ORs in 2 of 17 (12%) patients treated at 10 mg/kg with
responses lasting 4 and 18 months, respectively. Seven
additional RCC patients had SD lasting =24 weeks.

TABLE 8

10

15

20

25

30

86

Individual patient responses were adjudicated per RECIST
v1.0 with modification (see study protocol in Brahmer et
al. (2012) N Engl J Med (submitted) for additional infor-
mation).

TABLE 9
Duration of Objective Responses to BMS-936559*
Tumor Dose No. of Patients
Type (mg/kg) with OR Duration of Response (months)"
MEL 1 6.9
3 s 23.5+, 22.9+, 16.2+, 4.1+, 3.5
10 4 24.6+, 23.9+, 18.0+, 17.0
NSCLC 1 0 9.2+
3 1 2.3+
10 4 16.6+, 12.6+, 9.8, 3.5
RCC 10 2 18, 4
ov 10 1 1.3+

*MEL denotes melanoma, NSCLC non-small cell lung cancer, RCC renal cell cancer, OV
ovarian cancer.

Time from first response to time of documented progression, death, or for censored data
(denoted by +), time to last tumor assessment.

Example 15

Design of Phase 1 Clinical Study on Anti-PD-1 Plus Anti-
CTLA-4 in Advanced MEL
Study Design

In this phase 1 study, successive cohorts of patients were
treated with escalating doses of intravenous nivolumab and
ipilimumab administered concurrently (concurrent regi-

Clinical Activity of BMS-936559 in 160 Patients, Response Evaluable*

ORO* SD=24wk  PFSR** at
Dose No. patients (%) No. patients (%) 24 wk (%)
Tumor Type (mg/kg) n [95% CI] [95% CI] [95% CI]
MEL 0.3 1 0 [0-98] 0 [0-98] N/A
1 18 1 (6) [0.1-27] 6 (33) [13-59] 39 [16-61]
3 17 5 (29)7 [10-56] 3 (18) [4-43] 7 [21-72]
10 16 3 (19)™1 [4-46] 5 (31) [11-59] 44 [19-68]
ALL MEL 52 9 (17) (8-30) 14 (27) [16-41] 42 [28-36]
NSCLC$ 1 11 0 [0-29] 0 [0-29] N/A
Squamous 1 1 0 [0-98] 0 [0-98] N/A
Non-Squamous 1 10 0 [0-31] 0 [0-31] N/A
3 13 1 (8) [0.2-36] 1 (8) [0.2-36] 34 [7-60]
Squamous 3 4 0 [0-60] 1 (25) [0.6-81] 50 [1-99]
Non-Squamous 3 9 1 (11) [0.3-48] 0 [0-34] 25 [0-55]
10 25 4 (16) [5-36] 5 (20) [7-41] 46 [25-67]
Squamous 10 8 1(13) [0.3-53] 2 (25) [3-65] 47 [10-83]
Non-Squamous 10 17 3 (18) [4-43] 3 (18) [4-43] 46 [20-72]
ALL NCSLC 49 5 (10) [3-22] 6 (12) [5-25] 31 [17-45]
ALL Squamous 13 1 (8) [0.2-36] 3 (23.1) [5-54] 43 [15-71]
ALL Non-Squamous 36 4 (11) [3-26] 3 (8) [2-23] 26 [10-42]
ov 3 1 0 [0-98] 0 [0-98] N/A
10 16 1 (6) [0.2-30] 3 (19) [4-46] 25 [4-46]
ALL OV 17 1 (6) [0.1-29] 3 (18) [4-43] 22 [2-43]
RCC 10 17 2 (12) [2-36] 7 (41) [18-67] 53 [29-77]

CI denotes Confidence intervals, MEL melanoma, RCC renal cell carcinoma, NSCLC non-small cell lung
cancer, OV ovarian cancer, RCC renal cell carcinoma, N/A not applicable, ORR objective response rate
(complete response + partial response), SD stable disease, and PFSR progression-free survival rate.

*Efficacy population consists of response-evaluable patients who initiated treatment at least 7 months prior
to the date of analysis and had measurable disease at a baseline tumor assessment and at least one of the

following: an on-study tumor assessment, clinical progression, or death.
Includes two CRs.

#Includes one CR.§Objective response rates ({[CR + PR] +n} x 100) are based on confirmed responses only,

with confidence intervals calculated using the Clopper-Pearson method.

**Progression-free survival rate was the proportion of patients who did not progress, and were alive at 24
weeks, calculated by the Kaplan-Meier methodology, with confidence intervals using the Greenwood

method.
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men), and separately, two cohorts of patients treated previ-
ously with ipilimumab received nivolumab alone (se-
quenced regimen).

For the concurrent regimen, patients received during the
induction period nivolumab and ipilimumab every 3 weeks
for 4 doses, followed by nivolumab alone every 3 weeks for
4 doses. Combined treatment was subsequently continued
during the maintenance period every 12 weeks for up to 8
doses. When both drugs were administered together,
nivolumab was administered first. Within a cohort,
nivolumab and ipilimumab doses were kept constant during
the induction and maintenance periods. The dose-limiting-
toxicity evaluation period was through week 9. Tumor
assessments were at weeks 12, 18, 24, and 36, and then
every 12 weeks thereafter.

In the sequenced regimen, patients previously treated with
ipilimumab prior to study entry received nivolumab every 2
weeks for up to 48 doses. Nivolumab therapy was initiated
within 4-12 weeks after ipilimumab monotherapy. Tumor
assessments were at week 8 and then every 8 weeks there-
after. Tumor responses were adjudicated using mWHO and
immune-related mWHO criteria for both regimens.

After completion of therapy, patients without confirmed
disease progression were followed for up to 2.5 years.
Patients with CR, PR, or SD =24 weeks and subsequent
disease progression could be retreated with the original
regimen. Safety evaluation was performed per protocol. The
severity of AEs was graded according to the National Cancer
Institute Common Terminology Criteria for Adverse Events,
version 3.0. Disease assessment, using CT and/or MRI as
appropriate, was performed per protocol.

Dose Escalation and Cohort Expansion

The study was initially planned to evaluate the concurrent
regimen using a standard 3+3 design for the dose escalation
phase, followed by cohort expansion to a total of up to 16
patients at the maximum tolerated dose or the maximum
administered dose. The dose-limiting toxicity (DLT) evalu-
ation period for dose escalation was 9 weeks. No intra-
patient dose escalation was allowed and patients who expe-
rienced DLT were discontinued from therapy. Patients who
withdrew from study during the DLT evaluation period for
reasons other than drug-related toxicity could be replaced.
The protocol was amended to permit expansion of any
concurrent regimen cohort during dose escalation to N=up to
12 patients. Two sequenced-regimen cohorts (6 to 16
patients each) were later added; patients were treated with
nivolumab (1 mg/kg or 3 mg/kg) after having received prior
ipilimumab.

Patients

Eligible patients were 18 years of age and had a diagnosis
of measurable, unresectable stage III or IV melanoma;
Eastern Cooperative Oncology Group performance status of
0-1, where 0 is asymptomatic and 1 is mildly symptomatic;
adequate organ function; and life expectancy of =4 months.
Patients with active, untreated central nervous system
metastasis; history of autoimmune disease; prior therapy
with T-cell modulating antibodies (excluding ipilimumab for
sequenced-regimen cohorts); HIV; or hepatitis B or C were
excluded.

In the sequenced-regimen cohorts, patients were required
to have received 3 prior doses of ipilimumab, with the last
dose administered within 4-12 weeks of initiation of
nivolumab. Patients with CR, progression with evidence of
clinical deterioration, or a history of high-grade AEs related
to ipilimumab were excluded (see Wolchok et al. 2013a, for
details of protocol).
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Eighty-six patients were treated between December 2009
and February 2013, 53 with the concurrent regimen and 33
with the sequenced regimen. Baseline patient characteristics
are detailed in Wolchok et al. (2013a). In the concurrent and
sequenced regimens, 38% and 100% of patients, respec-
tively, received prior systemic therapy. The majority of
patients had Mlc disease and >30% had elevated serum
lactate dehydrogenase (LDH). Most patients enrolled to the
sequenced-regimen cohorts demonstrated radiographic pro-
gression (73%) with prior ipilimumab treatment.

PD-L1 Immunohistochemistry

Pre-treatment PD-L.1 expression was measured by IHC in
FFPE tumor specimens using the rabbit anti-PD-L.1 mAb,
28-8, and an automated assay developed by Dako (Carpin-
teria, Calif.). Ab specificity was assessed by western blotting
against recombinant PD-L1 protein and lysates from PD-L1
expressing and non-expressing cell lines. An IHC assay with
and without antigen competition and an assessment of
staining patterns in normal human tissues was performed.
Analytical sensitivity, specificity, repeatability, reproducibil-
ity, and robustness of the immunohistochemistry assay were
tested and met all pre-specified acceptance criteria. Two
pathologists, blinded to outcome, independently read and
adjudicated scores for all clinical specimens. A sample was
defined as PD-L1-positive if 5% of tumor cells exhibited
membrane PD-L1 staining of any intensity in a section with
100 evaluable cells.

Statistical Analysis

All treated patients (N=86) as of February 2013 were used
to describe baseline characteristics, safety, and absolute
lymphocyte count (ALC), and analysis of PD-L1 staining.
The efficacy population consisted of 82 response-evaluable
patients who received at least one dose of study therapy, had
measurable disease at baseline, and one of the following: >1
on-treatment tumor evaluation, clinical progression, or death
before the first on-treatment tumor evaluation. AEs were
coded using MedDRA, version 15.1. Select AEs with poten-
tial immunologic etiologies were identified using a pre-
defined list of MedDRA terms. Best overall responses were
derived programmatically from tumor-measurements pro-
vided by the study-site radiologist and investigators per
modified WHO (mWHO) or immune-related response cri-
teria (Wolchok et al. 2009). Complete and partial responses
were confirmed by at least one subsequent tumor assess-
ment. An analysis also was performed to assess the magni-
tude of reduction in target lesions by radiographic assess-
ment. A response was characterized as deep if a reduction of
80% from baseline measurements was noted. Unconfirmed
responses as of the date of this analysis were also included
in an estimate of aggregate clinical activity.

Example 16

Safety Evaluations on MEL Patients Treated with Anti-PD-1
Plus Anti-CTLA-4

For the concurrent regimen (n=53), AEs of any grade,
irrespective of attribution, were observed in 98% of patients.
Treatment-related AEs were observed in 93% of patients
with the most common being rash (55%), pruritus (47%),
fatigue (38%), and diarrhea (34%). Grade 3-4 AFEs, irrespec-
tive of attribution, were observed in 72% of patients, while
grade 3-4 treatment-related events were noted in 53%, with
the most common being elevations of lipase (13%), aspar-
tate aminotransferase (13%) and alanine aminotransferase
(11%). Six of 28 (21%) patients had grade 3-4 dose-limiting
treatment-related events. Treatment-related serious AEs
were reported in 49% of patients. Common grade 3-4
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treatment-related select AEs included hepatic (15%), gas-
trointestinal (9%), and renal (6%) events. Isolated cases of
pneumonitis and uveitis were seen, consistent with historical
monotherapy experiences. Eleven (21%) patients discontin-
ued due to treatment-related AEs.

Cohort 3 (3 mg/kg nivolumab+3 mg/kg ipilimumab)
exceeded the MTD (3 of 6 patients experienced asymptom-
atic grade 3-4 elevated lipase that persisted for 3 weeks).
Cohort 2 (1 mg/kg nivolumab+3 mg/kg ipilimumab) was
identified as the MTD (grade 3 uveitis, grade 3 elevated
AST/ALT in 1 patient each).

For the sequenced regimen (n=33), AEs of any grade,
irrespective of attribution, were observed in 29 (88%)
patients. Treatment-related AEs were observed in 24 (73%)
patients, with the most common including pruritus (18%)
and lipase elevation (12%). Grade 3-4 AFEs, irrespective of
attribution, were observed in 11 (33%) patients, while grade
3-4 treatment-related AEs were observed in 6 (18%)
patients, with lipase elevation as the most common event
(6%). Treatment-related serious AEs were reported in 7
(21%) patients. Grade 3-4 endocrine events were noted as
treatment-related select AEs in 2 patients. One patient had
grade-2 pneumonitis. Three (9%) patients discontinued due
to treatment-related AEs.

For both the concurrent and sequenced regimens, treat-
ment-related AEs were manageable and generally reversible
with immunosuppressants and/or replacement therapy (for
endocrinopathies) per previously algorithms previously
established for ipilimumab (see YERVOY® package insert).
Amongst the 86 patients treated on the study, 28 of 73
patients (38%) with drug-related adverse events required
management with systemic glucocorticoids. Three patients
required additional immunosuppressive therapy with inflix-
imab (2 patients) or mycophenolate mofetil (1 patient). No
treatment-related deaths were reported. Additional details of
AEs and their management are provided in (Wolchok et al.
2013a).

Example 17

Efficacy Exhibited by Combination of Anti-PD-1 and Anti-
CTLA-4 in MEL Patients

Clinical activity was observed with both the concurrent
and sequenced regimens (Tables 10 and 11). In the concur-
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rent-regimen cohorts, confirmed objective responses (OR)
by mWHO criteria were observed in 21 of 52 (40%; 95% CI:
27-55) response-evaluable patients across all doses. After
noting several patients who demonstrated major responses
(approaching CR), the number of patients with at least 80%
tumor reduction, an empirical threshold chosen because it
represents a level of tumor regression that approaches com-
plete response, was assessed. This depth of response was
uncommon in published studies of checkpoint blockade
(Hodi et al., 2010; Topalian et al., 2012b). Sixteen patients
had =80% tumor reduction at 12 weeks, including 5 CRs
(Table 10, FIGS. 14A and 15-17). In addition to the 21
patients with OR by mWHO criteria, 4 patients experienced
an objective response by immune-related response criteria
and 2 patients had unconfirmed responses. These patients
were not included in the calculation of ORRs. For the
concurrent regimen, overall evidence of clinical activity
(conventional, unconfirmed, or immune-related response or
SD =24 weeks) was observed in 65% (95% CI: 51-78; Table
10) of patients. The profound impact of the concurrent
combination can best be appreciated in the waterfall plot
(FIG. 14B). Responses were ongoing among 19 of 21
responders, with durations ranging from 6.1+ to 72.1+
weeks at the time of data analysis (Table 12). For patients
treated at the MTD (cohort 2, 1 mg/kg nivolumab+3 mg/kg
ipilimumab), OR occurred in 9 of 17 (53%; 95% CI: 28-77)
patients, including 3 CRs. All 9 responders achieved =80%
tumor reduction at their first scheduled on-treatment assess-
ment (Table 10 and FIG. 14A).

For patients in the sequenced-regimen cohorts, 6 of 30
patients achieved OR (20%; 95% CI: 8-39) including 1 CR.
Four (13%) patients achieved 80% tumor reduction at 8
weeks (Table 11 and FIG. 18). Additional patients had
immune-related (n=3) or unconfirmed (n=3) responses.
When objective, immune-related or unconfirmed responses
or SD =24 weeks are considered, evidence of clinical
activity for the sequenced regimen was observed in 43%
(95% CI: 26-63). The waterfall plot reveals that patients who
did not respond to prior ipilimumab can respond to subse-
quent nivolumab (FIG. 18C).

TABLE 10

Clinical Activity of Patients who Received the Concurrent Regimen of Nivolumab and Ipilimumab*

80%

Response- Objective Aggregate Tumor
Evaluable Response Clinical Reduction
Patients™ CR PR uPR! irPR® SD =24 irSD® =24 Ratel % Activity Ratel % at 12 wk
Cohort Dose n n n n n wk n wk n [95% CI] [95% CI] n (%)
1 0.3 mg/kg nivolumab + 14 1 2 0 2 2 (14 0 21 [5-51] 50 [23-77] 4(29)
3 mg/kg ipilimumab
2 1 mg/kg nivolumab + 17 3 6 0 0 0 2(12) 53 [28-77] 65 [38-86] 7 (41)**
3 mg/kg ipilimumab
2a 3 mg/kg nivolumab + 15 1 5 2 1 2 (13) 0 40 [16-68] 73 [45-92] 5(33)
1 mg/kg ipilimumab
3 3 mg/kg nivolumab + 6 0 3 0 1 0 1(17) 50[12-88] 83 [36-100] 0
3 mg/kg ipilimumab
All Concurrent treatment 52 5 16 2 4 4 (8) 3(6) 40 [27-55] 65 [51-78] 16 (31)

*CR denotes complete response, PR partial response, uPR unconfirmed partial response, itPR immune-related partial response, SD stable disease, irSD

immune-related stable disease.

Response-evaluable patients were those who received at least one dose of study therapy, had measurable disease at baseline, and one of the following: 1) at least
one on-treatment tumor evaluation, 2) clinical progression, or 3) death prior to the first on-treatment tumor evaluation.
Patients who had a PR after one tumor assessment but did not have sufficient follow-up time for confirmation of the initial PR.

SPatients who had target tumor-lesion reduction in the presence of new lesions, consistent with immune-related PR or SD.

ﬂ[(CR + PR)/no. response-evaluable patients] x 100. Confidence intervals were estimated by the Clopper-Pearson method.
H[(CR + PR + uCR + uPR + irtPR + SD =2 24 wk + irSD = 24 wk)/no. response-evaluable patients] x 100.
**Two additional patients in cohort 2 achieved =80% tumor reduction at their first scheduled assessment, which was conducted after week 12,
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TABLE 11

Clinical Activity of Patients who Received the Sequenced Regimen of Nivolumab and Ipilimumab*

Aggregate 80%
Response- Objective  Clinical Tumor
Evaluable Response  Activity  Reduction
Patients CR PR uPR* irPR® SD =24 irSDS¥=24 Rate"% Ratel %  at 8 wk
Cohort Dose n n n n n wk n wk n [95% CI] [95% CI] 1 (%)
6 1 mg/kg nivolumab + 16 1 5 2 2 1(6) 0 38 [15-65] 69 [41-89] 4 (25)
prior ipilimumab
7 3 mg/kg nivolumab + 14 0 o0 1 1 0 0 0 14 [2-43] 0
prior ipilimumab
All Sequenced treatment 30 1 5 3 3 1(3) 0 20 [8-39] 43 [26-63] 4 (13)

*CR denotes complete response, PR partial response, uPR unconfirmed partial response, irPR immune-related partial response, SD stable disease, irSD
immune-related stable disease.

TResponse-evalual:;le patients were those who received at least one dose of study therapy, had measurable disease at baseline, and one of the following:
1) at least one on-treatment tumor evaluation, 2) clinical progression, or 3) death prior to the first on-treatment tumor evaluation.

*Patients who had a PR after one tumor assessment but did not have sufficient follow-up time for confirmation of the initial PR.

TABLE 12
20 Sequence Listing Summary
Duration of Confirmed Objective Responses of Individual Patients
SEQ ID NO: Description
Cohort Dose Response Duration of Response, weeks
1 Vg amino acid sequence of 17D8
1 0.3 mg/kg nivolumab + CR 480+ 2 V amino acid sequence of 2D3
3 mg/kg ipilimumab PR 72.1+, 65.4+ 3 V amino acid sequence of 4H1
2 1 mg/kg nivolumab + CR 36.14, 28.9+, 24.7+ 25 4 Vi amino acid sequence of 5C4
3 mg/kg ipilimumab PR 544+, 52.6, 23+, 18.4+, 5 V;; amino acid sequence of 4A11
14.0+, 11.1+ 6 Vi amino acid sequence of 7D3
2a 3 mg/kg nivolumab + CR 7.7+ 7 V; amino acid sequence of 5F4
1 mg/kg ipilimumab PR 18.1+, 12.3, 6.6+, 6.4+, 6.1+ 8 V,, amino acid sequence of 17D8
3 3 mg/kg nivolumab + PR 38.7+, 31.3+, 12.1+ 9 V, amino acid sequence of 2D3
3 mg/kg ipilimumab 30 10 V, amino acid sequence of 4H1
6 1 mg/kg nivolumab + CR 24.1+ 11 V; amino acid sequence of 5C4
prior ipilimumab PR 16.1+, 12.14, 8.7+, 8.4+, 12 V; amino acid sequence of 4A11
8.1+ 13 V, amino acid sequence of 7D3
7 3 mg/kg nivolumab + CR NA* 14 V; amino acid sequence of 5F4
prior ipilimumab PR NA* 15 V; amino acid sequence of 3G10
35 16 V3 amino acid sequence of 12A4
*Not available; as of the date of this analysis, no confirmed objective responses had been 17 V,; amino acid sequence of 10AS5
reported. . .
18 V amino acid sequence of 5F8
Assessment of Tumor PD-L.1 Expression and Absolute 19 Vi amino acid sequence of 10H10
20 V amino acid sequence of 1B12
Lymphocyte Count 21 V;; amino acid sequence of 7H1
Tumor PD-L1 expression and alterations in the peripheral 22 V; amino acid sequence of 11E6
blood ALC have been explored as biomarkers for nivolumab 23 Vi amino acid sequence of 12B7
C . . 24 V3 amino acid sequence of 13G4
and ipilimumab monotherapy, respectively (Topalian et al., 55 V, amino acid sequence of 3G10
2012b; Berman et al., 2009; Ku et al., 2010; Postow et al., 26 V, amino acid sequence of 12A4
2012; Delyon et al., 2013). Tumor PD-L1 expression was 27 Vy amino acid sequence of 10A5
. . o . 28 V, amino acid sequence of 5F8
characterized via IHC staining and pharmacodynamic 45 59 V, amino acid sequence of 10H10
changes in peripheral blood ALC was analyzed. Using a 30 V amino acid sequence of 1B12
25% cut off to define PD-L1 positivity, tumor specimens 31 V amino acid sequence of 7H1
from 21 of 56 (38%) patients were PD-L1-positive. ORs g; XL amino acid sequence of 11E6
. X X . x ', amino acid sequence of 12B7
were seen in patients with either PD-L1-positive (6/13) or 34 V, amino acid sequence of 13G4
PD-L1-negative (9/22) tumors amongst patients treated with 50 ;2 XH amino acli(fii sequence Olf 22§-§
: . : ] £ amino acid sequence o -
the concurrent regimen (postjhoc P-value >0.99; Flsher s 37 Heavy chain CDRI sequence of 28-8
exact test). In sequenced-regimen cohorts, a numerically 18 Heavy chain CDR2 sequence of 28-8
higher number of overall responses were seen in patients 39 Heavy chain CDR3 sequence of 28-8
with PD-L1-positive tumor samples (4/8) compared with i? iigﬂi zﬂ‘;ﬁ ggg zzngzz 2? ;g'g
patients with PD-L1-negative tumors (1/13), but the num- 33 42 Light chain CDR1 Segucnce of 28-8

bers are small.

In contrast to observations with ipilimumab monotherapy,
a consistent rise in ALC from baseline was not detected in
patients treated with the concurrent combination or in
patients treated with nivolumab following ipilimumab
therapy. In the concurrent-regimen cohorts, patients with a
low ALC at weeks 5 to 7 (<1000 cells/uL) (Ku et al., 2010)
had similar OR (43%) compared with patients with a normal
ALC at weeks 5 to 7 (40%). Likewise, in the sequenced-
regimen cohorts, 17% of patients with low ALC had OR and
23% of patients with normal or high ALC had OR.

60

65
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 42

<210> SEQ ID NO 1

<211> LENGTH: 113

<212> TYPE: PRT

<213> ORGANISM: Homosapiens

<400> SEQUENCE: 1

Gln Val Gln Leu Val Glu Ser Gly Gly Asp Val Val Gln Pro Gly Gly

1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Val Ala Phe Ser Asn Tyr

20 25 30
Gly Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45
Ala Val Ile Trp Tyr Asp Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Met Leu Tyr

65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Met Tyr Tyr Cys

85 90 95
Ala Arg Asn Asp Asp Tyr Trp Gly Gln Gly Thr Leu Val Thr Val Ser
100 105 110

Ser

<210> SEQ ID NO 2

<211> LENGTH: 113

<212> TYPE: PRT

<213> ORGANISM: Homosapiens

<400> SEQUENCE: 2

Gln Val Gln Leu Val Glu Ser
1 5 10
Ser Leu Arg Leu Ser Cys Ala

20 25

Gly Gly Asp Val Val Gln Pro Gly Arg

15

Ala Ser Gly Leu Thr Phe Thr Asn Tyr

30
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-continued

Gly Phe His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ala Val Ile Trp Tyr Asp Gly Ser Lys Lys Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Asn Asn Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Thr Gly Asp Asp Tyr Trp Gly Gln Gly Thr Leu Val Thr Val Ser
100 105 110

Ser

<210> SEQ ID NO 3

<211> LENGTH: 113

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

Gln Val Tyr Leu Val Glu Ser Gly Gly Gly Val Val Gln Pro Gly Arg
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Asn Tyr
20 25 30

Gly Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ala Leu Ile Trp Tyr Asp Gly Ser Asn Lys Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Tyr
65 70 75 80

Leu Gln Met Thr Ser Leu Arg Val Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Ser Asn Val Asp His Trp Gly Gln Gly Thr Leu Val Thr Val Ser
100 105 110

Ser

<210> SEQ ID NO 4

<211> LENGTH: 113

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

Gln Val Gln Leu Val Glu Ser Gly Gly Gly Val Val Gln Pro Gly Arg
1 5 10 15

Ser Leu Arg Leu Asp Cys Lys Ala Ser Gly Ile Thr Phe Ser Asn Ser
20 25 30

Gly Met His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ala Val Ile Trp Tyr Asp Gly Ser Lys Arg Tyr Tyr Ala Asp Ser Val
50 55 60

Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu Phe
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Thr Asn Asp Asp Tyr Trp Gly Gln Gly Thr Leu Val Thr Val Ser
100 105 110

Ser
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100

<210> SEQ ID NO 5

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Gln Leu Gln Leu

1

Thr

Ser

Trp

Leu

65

Ser

Cys

Gln

Leu

Phe

Ile

50

Lys

Leu

Val

Gly

Ser

Phe

35

Gly

Ser

Lys

Arg

Thr
115

Leu

20

Trp

sSer

Arg

Leu

Asp

100

Leu

121

Homo sapiens
5

Gln Glu Ser Gly

Thr Cys Thr Val

Gly Trp Ile Arg

40

Ile Tyr Tyr Ser
55

Val Thr Ile Ser
70

Ser Ser Val Thr
85

Tyr Asp Ile Leu

Val Thr Val Ser
120

<210> SEQ ID NO 6

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Gln

1

Ser

Gly

Ala

Lys

65

Leu

Val

Ser

<210>
<211>
<212>
<213>

<400>

Val Gln Leu

Leu

Phe

Val

50

Gly

Gln

Thr

Arg

His

35

Ile

Arg

Met

Gly

Leu

20

Trp

Trp

Phe

Asn

Asp
100

PRT

SEQUENCE :

113

Homo sapiens
6

Val Glu Ser Gly

Ser Cys Thr Thr

Val Arg Gln Ala

40

Tyr Asp Gly Ser
55

Thr Leu Ser Arg
70

Ser Leu Arg Ala
85

Asp Tyr Trp Gly

SEQ ID NO 7
LENGTH:
TYPE:
ORGANISM: Homo sapiens

121

7

Gln Leu Gln Leu Gln Glu Ser Gly

1

5

Thr Leu Ser Leu Thr Cys Ser Val

20

Pro

Ser

25

Gln

Gly

Val

Ala

Thr

105

Ser

Gly

Ser

25

Pro

Lys

Asp

Glu

Gln
105

Pro

Ser
25

Ser Tyr Phe Trp Gly Trp Ile Arg Gln

Gly
10

Gly
Pro
Ser
Asp
Ala

90

Gly

Gly

10

Gly

Gly

Lys

Asp

Asp

90

Gly

Leu

Gly

Pro

Thr

Thr

75

Asp

Asp

Val

Ile

Lys

Tyr

Ser

75

Thr

Thr

Val

Ser

Gly

Tyr

60

Ser

Thr

Glu

Val

Thr

Gly

Tyr

60

Lys

Ala

Leu

Lys

Leu

Lys

45

Tyr

Lys

Ala

Asp

Gln

Phe

Leu

45

Ala

Asn

Val

Val

Gly Leu Val Lys

10

Gly Gly Ser Leu

Pro

Ser

30

Gly

Asn

Asn

Val

Tyr
110

Pro

Ser

30

Glu

Asp

Thr

Tyr

Thr
110

Pro

Ser
30

Pro Pro Gly Lys Gly

Ser Glu
15

Arg Ser

Leu Glu

Pro Ser

Gln Phe
80

Tyr Tyr
95

Trp Gly

Gly Arg
15

Ser Tyr

Trp Val

Ser Val

Leu Tyr
80

Tyr Cys
95

Val Ser

Ser Glu
15

Arg Ser

Leu Glu
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Trp

Leu

65

Ser

Cys

Gln

35 40

Ile Ala Ser Ile Phe Tyr Ser
50 55

Lys Ser Arg Val Thr Ile Ser
70

Leu Lys Leu Ser Ser Val Thr
Ala Arg Asp Tyr Asp Ile Leu
100

Gly Thr Leu Val Thr Val Ser
115 120

<210> SEQ ID NO 8

<211> LENGTH: 107

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8

Glu

1

Glu

Leu

Tyr

Ser

65

Glu

Thr

Ile Val Leu Thr Gln Ser Pro
Arg Ala Thr Leu Ser Cys Arg
20

Ala Trp Tyr Gln Gln Lys Pro

Asp Ala Ser Asn Arg Ala Thr

Gly Ser Gly Thr Asp Phe Thr

70

Asp Phe Ala Val Tyr Tyr Cys
85

Phe Gly Gly Gly Thr Lys Val
100

<210> SEQ ID NO 9

<211> LENGTH: 107

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 9

Glu

Glu

Leu

Tyr

Ser
65

Glu

Thr

Ile Val Leu Thr Gln Ser Pro
5

Arg Ala Thr Leu Ser Cys Arg
20

Ala Trp Tyr Gln Gln Lys Pro
35 40

Asp Thr Ser Asn Arg Ala Thr
Gly Ser Gly Thr Asp Phe Thr
70

Asp Phe Ala Val Tyr Tyr Cys
85

Phe Gly Gly Gly Thr Lys Val
100

<210> SEQ ID NO 10
<211> LENGTH: 107
<212> TYPE: PRT

Gly

Val

Ala

Thr

105

Ser

Ala

Ala

25

Gly

Gly

Leu

Gln

Glu
105

Ala

Ala

25

Gly

Gly

Leu

Gln

Glu
105

Glu

Asp

Ala

Gly

Thr

10

Ser

Gln

Ile

Thr

Gln

Ile

Thr

10

Ser

Gln

Ile

Thr

Gln
90

Ile

Thr
Thr
75

Asp

Asp

Leu

Gln

Ala

Pro

Ile

75

Arg

Lys

Leu

Gln

Ala

Pro

Ile
75

Arg

Lys

Tyr
60
Ser

Thr

Glu

Ser

Ser

Pro

Ala

60

Ser

Ser

Ser

Ser

Pro

Ala

Ser

Ser

45

Phe

Arg

Ala

Asp

Leu

Val

Arg

Arg

Ser

Asn

Leu

Val

Arg

45

Arg

Ser

Asn

Asn

Asn

Val

Tyr
110

Ser

Ser

30

Leu

Phe

Leu

Trp

Ser

Ser

30

Leu

Phe

Leu

Trp

Pro

Gln

Tyr

95

Trp

Pro

15

Ser

Ile

Ser

Glu

Pro
95

Pro

15

Ser

Leu

Ser

Glu

Pro
95

Ser
Phe
80

Tyr

Gly

Gly

Tyr

Ile

Gly

Pro

80

Leu

Gly

Tyr

Ile

Gly

Pro
80

Leu
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<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 10

Glu Ile Val Leu Thr Gln Ser Pro
1 5

Glu Arg Ala Thr Leu Ser Cys Arg
20

Leu Ala Trp Tyr Gln Gln Lys Pro
35 40

Tyr Asp Ala Ser Asn Arg Ala Thr

Ser Gly Ser Gly Thr Asp Phe Thr
65 70

Glu Asp Phe Ala Val Tyr Tyr Cys
85

Thr Phe Gly Gln Gly Thr Lys Val
100

<210> SEQ ID NO 11

<211> LENGTH: 107

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 11

Glu Ile Val Leu Thr Gln Ser Pro
1 5

Glu Arg Ala Thr Leu Ser Cys Arg
20

Leu Ala Trp Tyr Gln Gln Lys Pro
35 40

Tyr Asp Ala Ser Asn Arg Ala Thr
50 55

Ser Gly Ser Gly Thr Asp Phe Thr
65 70

Glu Asp Phe Ala Val Tyr Tyr Cys
85

Thr Phe Gly Gln Gly Thr Lys Val
100

<210> SEQ ID NO 12

<211> LENGTH: 107

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 12

Asp Ile Gln Met Thr Gln Ser Pro
1 5

Asp Arg Val Ser Ile Thr Cys Arg
20

Leu Ala Trp Tyr Gln Gln Lys Pro
35 40

Tyr Ala Ala Ser Asn Leu Arg Ser
50 55

Ser Gly Ser Gly Thr Asp Phe Thr
65 70

Glu Asp Phe Ala Thr Tyr Tyr Cys
85

Ala

Ala

25

Gly

Gly

Leu

Gln

Glu
105

Ala

Ala

Gly

Gly

Leu

Gln

Glu
105

Ser

Ala

25

Glu

Gly

Leu

Gln

Thr

10

Ser

Gln

Ile

Thr

Gln

90

Ile

Thr

10

Ser

Gln

Ile

Thr

Gln

90

Ile

Ser

10

Ser

Lys

Val

Thr

Gln
90

Leu

Gln

Ala

Pro

Ile

75

Ser

Lys

Leu

Gln

Ala

Pro

Ile

75

Ser

Lys

Leu

Gln

Ala

Pro

Ile

75

Tyr

Ser

Ser

Pro

Ala

60

Ser

Ser

Ser

Ser

Pro

Ala

60

Ser

Ser

Ser

Gly

Pro

Ser

60

Ser

Tyr

Leu

Val

Arg

45

Arg

Ser

Asn

Leu

Val

Arg

45

Arg

Ser

Asn

Ala

Ile

Lys

45

Arg

Ser

Ser

Ser

Ser

30

Leu

Phe

Leu

Trp

Ser

Ser

30

Leu

Phe

Leu

Trp

Ser

Ser

30

Ser

Phe

Leu

Tyr

Pro

15

Ser

Leu

Ser

Glu

Pro
95

Pro

15

Ser

Leu

Ser

Glu

Pro
95

Val

15

Ser

Leu

sSer

Gln

Pro
95

Gly

Tyr

Ile

Gly

Pro

80

Arg

Gly

Tyr

Ile

Gly

Pro

80

Arg

Gly

Trp

Ile

Gly

Pro

80

Arg
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106

-continued
Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105
<210> SEQ ID NO 13
<211> LENGTH: 107
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 13
Glu Ile Val Leu Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly
1 5 10 15
Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gln Ser Val Ser Ser Tyr
20 25 30
Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Arg Leu Leu Ile
35 40 45
Tyr Asp Ala Ser Asn Arg Ala Thr Gly Ile Pro Ala Arg Phe Ser Gly
50 55 60
Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Glu Pro
65 70 75 80
Glu Asp Phe Ala Val Tyr Tyr Cys Gln Gln Arg Ser Asn Trp Pro Leu
85 90 95
Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Lys
100 105
<210> SEQ ID NO 14
<211> LENGTH: 107
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 14
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15
Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Gly Ile Ser Ser Trp
20 25 30
Leu Ala Trp Tyr Gln Gln Lys Pro Glu Lys Ala Pro Lys Ser Leu Ile
35 40 45
Tyr Ala Ala Ser Ser Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60
Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80
Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Tyr Ser Tyr Pro Arg
85 90 95
Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105
<210> SEQ ID NO 15
<211> LENGTH: 117
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 15
Gln Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ala
1 5 10 15
Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Asp Tyr
20 25 30
Gly Phe Ser Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met
35 40 45
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-continued

108

Gly

Gln

65

Met

Ala

Val

Trp

50

Gly

Glu

Arg

Thr

Ile

Arg

Leu

Asp

Val
115

Thr

Val

Arg

Tyr

100

Ser

Ala

Thr

Ser

85

Phe

Ser

<210> SEQ ID NO 16

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Gln

1

Ser

Ala

Gly

Gln

65

Met

Ala

Trp

Val Gln Leu

Val

Ile

Gly

50

Gly

Glu

Arg

Gly

Lys

Ser

35

Ile

Arg

Leu

Lys

Gln
115

Val

20

Trp

Ile

Val

Ser

Phe
100

Gly

123

Tyr
Met
70

Leu

Tyr

Asn
55
Thr

Arg

Gly

Gly

Thr

Ser

Met

Homo sapiens

16

Val

Ser

Val

Pro

Thr

Ser

85

His

Thr

<210> SEQ ID NO 17

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Gln

1

Ser

Asp

Gly

Gln
65
Met

Ala

Leu

Val Gln Leu

Val

Val

Trp

50

Gly

Glu

Arg

Val

Lys

His

35

Leu

Arg

Leu

Glu

Thr
115

Val

Trp

His

Val

Ser

Arg

100

Val

118

Gln

Cys

Arg

Ile

Ile

Leu

Phe

Thr

Ser

Lys

Gln

Phe

55

Thr

Arg

Val

Val

Gly

Thr

Ala

40

Gly

Ala

Ser

Ser

Thr
120

Homo sapiens

17

Val

Ser

Val

Ala

Thr

Ser

85

Ile

Ser

Gln

Cys

Arg

Asp

Ile

70

Leu

Gln

Ser

Ser

Lys

Gln

Thr

55

Thr

Arg

Leu

Gly

Ala

Ala

40

Gly

Arg

Ser

Trp

Asn

Asp

Asp

Asp
105

Ala

Ser

25

Pro

Lys

Asp

Glu

Gly

105

Val

Ala

Ser

25

Pro

Ile

Asp

Glu

Phe
105

Thr

Thr

Asp

90

Val

Glu

10

Gly

Gly

Ala

Glu

Asp

90

Ser

Ser

Glu

10

Gly

Gly

Thr

Thr

Asp
90

Asp

Asn
Ser
75

Thr

Trp

Val

Asp

Gln

His

Ser

75

Thr

Pro

Ser

Val

Tyr

Gln

Lys

Ser

75

Thr

Tyr

Tyr
60
Thr

Ala

Gly

Lys

Thr

Gly

Tyr

60

Thr

Ala

Phe

Lys

Thr

Arg

Phe
60
Ala

Ala

Trp

Ala

Ser

Val

Gln

Lys

Phe

Leu

45

Ala

Ser

Val

Gly

Lys

Phe

Leu

45

Ser

Ser

Val

Gly

Gln

Thr

Tyr

Gly
110

Pro

Ser

30

Glu

Gln

Thr

Tyr

Met
110

Pro
Thr
30

Glu

Gln

Thr

Tyr

Gln
110

Lys

Val

Tyr

95

Thr

Gly

15

Thr

Trp

Lys

Ala

Phe

95

Asp

Gly

15

Ser

Trp

Lys

Ala

Tyr
95

Gly

Leu
Tyr
80

Cys

Thr

Ser

Tyr

Met

Phe

Tyr

80

Cys

Val

Ala

Tyr

Met

Phe

Tyr
80

Cys

Thr
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110

-continued
<210> SEQ ID NO 18
<211> LENGTH: 120
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 18
Gln Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ser
1 5 10 15
Ser Val Lys Val Ser Cys Lys Val Ser Gly Gly Ile Phe Ser Thr Tyr
20 25 30
Ala Ile Asn Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met
35 40 45
Gly Gly Ile Ile Pro Ile Phe Gly Thr Ala Asn His Ala Gln Lys Phe
50 55 60
Gln Gly Arg Val Thr Ile Thr Ala Asp Glu Ser Thr Ser Thr Ala Tyr
65 70 75 80
Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95
Ala Arg Asp Gln Gly Ile Ala Ala Ala Leu Phe Asp Tyr Trp Gly Gln
100 105 110
Gly Thr Leu Val Thr Val Ser Ser
115 120
<210> SEQ ID NO 19
<211> LENGTH: 113
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 19
Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Arg
1 5 10 15
Ser Leu Arg Leu Ser Cys Ala Val Ser Gly Phe Thr Phe Asp Asp Tyr
20 25 30
Val Val His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45
Ser Gly Ile Ser Gly Asn Ser Gly Asn Ile Gly Tyr Ala Asp Ser Val
50 55 60
Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr
65 70 75 80
Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Leu Tyr Tyr Cys
85 90 95
Ala Val Pro Phe Asp Tyr Trp Gly Gln Gly Thr Leu Val Thr Val Ser
100 105 110
Ser
<210> SEQ ID NO 20
<211> LENGTH: 123
<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 20
Gln Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ser
1 5 10 15
Ser Val Lys Val Ser Cys Lys Thr Ser Gly Asp Thr Phe Ser Ser Tyr
20 25 30
Ala Ile Ser Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met
35 40 45
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112

Gly Gly Ile Ile Pro Ile Phe Gly
50 55

Gln Gly Arg Val Thr Ile Thr Ala
65 70

Met Glu Leu Ser Ser Leu Arg Ser
85

Ala Arg Lys Phe His Phe Val Ser
100

Trp Gly Gln Gly Thr Thr Val Thr
115 120

<210> SEQ ID NO 21

<211> LENGTH: 123

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 21

Gln Val Gln Leu Val Gln Ser Gly
1 5

Ser Val Lys Val Ser Cys Lys Thr
20

Ala Ile Ser Trp Val Arg Gln Ala
35 40

Gly Gly Ile Ile Pro Ile Phe Gly
50 55

Gln Gly Arg Val Thr Ile Thr Ala
65 70

Met Glu Leu Ser Ser Leu Arg Ser
85

Ala Arg Lys Tyr Asp Tyr Val Ser
100

Trp Gly Gln Gly Thr Thr Val Thr
115 120

<210> SEQ ID NO 22

<211> LENGTH: 121

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 22

Gln Val Gln Leu Val Gln Ser Gly
1 5

Ser Val Lys Val Ser Cys Lys Ala

Ala Ile Asn Trp Val Arg Gln Ala
35 40

Gly Gly Ile Ile Pro Ile Phe Gly
50 55

Gln Asp Arg Val Thr Ile Thr Ala
65 70

Met Glu Leu Ser Ser Leu Arg Ser
85

Ala Arg Asp Ser Ser Gly Trp Ser
100

Gln Gly Thr Thr Val Thr Val Ser
115 120

Arg

Asp

Glu

Gly

105

Val

Ala

Ser

25

Pro

Lys

Asp

Glu

Gly

105

Val

Ala
Ser
25

Pro

Ser

Asp

Glu

Arg

105

Ser

Ala

Glu

Asp

Ser

Ser

Glu

10

Gly

Gly

Ala

Glu

Asp

90

Ser

Ser

Glu

10

Gly

Gly

Ala

Glu

Asp
90

Tyr

His

Ser

75

Thr

Pro

Ser

Val

Gly

Gln

His

Ser

75

Thr

Pro

Ser

Val

Gly

Gln

Asn

Ser

75

Thr

Tyr

Tyr
60
Thr

Ala

Phe

Lys

Thr

Gly

Tyr

60

Thr

Ala

Phe

Lys

Thr

Gly

Tyr

60

Thr

Ala

Met

Ala

Ser

Val

Gly

Lys

Phe

Leu

45

Ala

Thr

Val

Gly

Lys

Phe

Leu

45

Ala

Ser

Val

Asp

Gln

Thr

Tyr

Met
110

Pro

Ser

30

Glu

Gln

Thr

Tyr

Met
110

Pro

Ser

30

Glu

Gln

Ala

Tyr

Val
110

Lys

Ala

Phe

95

Asp

Gly

15

Ser

Trp

Lys

Ala

Tyr

95

Asp

Gly

15

Ser

Trp

Lys

Ala

Tyr

95

Trp

Phe
Tyr
80

Cys

Val

Ser

Tyr

Met

Phe

Tyr

80

Cys

Val

Ser

Tyr

Met

Phe
Tyr
80

Cys

Gly
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114

<210> SEQ ID NO 23

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Gln Val Gln Leu

1

Ser

Ala

Gly

Gln

65

Met

Ala

Trp

Val

Ile

Gly

50

Gly

Asp

Arg

Gly

Lys

Ser

35

Ile

Arg

Leu

Lys

Gln
115

Val

Trp

Ile

Val

Ser

Tyr

100

Gly

123

Homo sapiens

23

Val

5

Ser

Val

Pro

Thr

Ser

85

Ser

Thr

<210> SEQ ID NO 24

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Glu

1

Ser

Gly

Ser

Lys

65

Leu

Ala

Gln

Val Gln Leu

Leu

Met

Gly

50

Gly

Gln

Lys

Gly

Arg

His

35

Ile

Arg

Met

Gly

Thr
115

Leu

20

Trp

Ser

Phe

Asn

Arg

100

Leu

121

Gln

Cys

Arg

Leu

Ile

70

Leu

Tyr

Thr

Ser

Lys

Gln

Phe

55

Thr

Arg

Val

Val

Homo sapiens

24

Val

5

Ser

Val

Trp

Thr

Ser

85

Phe

Val

<210> SEQ ID NO 25

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Homo sapiens

PRT

<400> SEQUENCE:

107

25

Glu

Cys

Arg

Asn

Ile

Leu

Arg

Thr

Ser

Ala

Gln

Arg

55

Ser

Arg

Tyr

Val

Gly

Ala

Ala

40

Gly

Ala

Ser

Ser

Thr
120

Gly

Ala

Ala

40

Gly

Arg

Ala

Phe

Ser
120

Ala

Ser

25

Pro

Ile

Asp

Glu

Gly

105

Val

Gly

Ser

25

Pro

Arg

Asp

Glu

Asp

105

Ser

Glu

10

Gly

Gly

Ala

Glu

Asp

90

Ser

Ser

Gly

10

Gly

Gly

Ile

Asn

Asp

90

Trp

Val

Gly

Gln

His

Ser

75

Thr

Pro

Ser

Leu

Ile

Lys

Glu

Ala

75

Thr

Phe

Lys

Thr

Gly

Tyr

60

Thr

Ala

Phe

Val

Thr

Gly

Tyr

60

Lys

Ala

Leu

Glu

Phe

Leu

45

Ala

Asn

Val

Gly

Gln

Phe

Leu

45

Ala

Asn

Leu

Asp

Pro

Asn

30

Glu

Gln

Thr

Tyr

Met
110

Pro

Asp

30

Glu

Asp

Ser

Tyr

Tyr
110

Gly
15

Ser
Trp
Lys
Ala
Tyr
95

Asp

Gly

15

Asp

Trp

Ser

Leu

Tyr

95

Trp

Ser

Tyr

Met

Phe

Tyr

80

Cys

Val

Arg

Tyr

Val

Val

Tyr

80

Cys

Gly

Glu Ile Val Leu Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly

1

5

10

15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gln Ser Val Ser Ser Tyr

20

25

30
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-continued

116

Leu

Tyr

Ser

65

Glu

Thr

Val

Asp

50

Gly

Asp

Phe

Trp

35

Ala

Ser

Phe

Gly

Tyr

Ser

Gly

Ala

Gln
100

Gln Gln Lys Pro
40

Asn Arg Ala Thr
55

Thr Asp Phe Thr
70

Val Tyr Tyr Cys
85

Gly Thr Lys Val

<210> SEQ ID NO 26

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Glu

1

Glu

Leu

Tyr

Ser

Glu

Phe

<210>
<211>
<212>
<213>

<400>

Ile

Arg

Ala

Asp

50

Gly

Asp

Gly

Val

Ala

Trp

35

Ala

Ser

Phe

Gln

Leu

Thr

20

Tyr

Ser

Gly

Ala

Gly

100

PRT

SEQUENCE :

Asp Ile Gln Met

1

Asp

Leu

Tyr

Ser
65

Glu

Thr

Arg

Ala

Ala

50

Gly

Asp

Phe

Val

Trp

Ala

Ser

Phe

Gly

Thr

20

Tyr

Ser

Gly

Ala

Gln
100

106

Homo sapiens
26

Thr Gln Ser Pro

Leu Ser Cys Arg

Gln Gln Lys Pro

40

Asn Arg Ala Thr
55

Thr Asp Phe Thr
Val Tyr Tyr Cys
85

Thr Lys Val Glu

SEQ ID NO 27
LENGTH:
TYPE:
ORGANISM:

107

Homo sapiens
27

Thr Gln Ser Pro

Ile Thr Cys Arg

Gln Gln Lys Pro
40

Ser Leu Gln Ser
55

Thr Asp Phe Thr
70

Thr Tyr Tyr Cys
85

Gly Thr Lys Leu

<210> SEQ ID NO 28

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Homo sapiens

PRT

108

Gly

Gly

Leu

Gln

Glu
105

Ala

Ala

25

Gly

Gly

Leu

Gln

Ile
105

Ser

Ala

25

Glu

Gly

Leu

Gln

Glu
105

Gln

Ile

Thr

Gln

90

Ile

Thr

10

Ser

Gln

Ile

Thr

Gln

90

Lys

Ser

10

Ser

Lys

Val

Thr

Gln
90

Ile

Ala

Pro

Ile

75

Arg

Lys

Leu

Gln

Ala

Pro

Ile

Arg

Leu

Gln

Ala

Pro

Ile
75

Tyr

Lys

Pro
Ala
60

Ser

Ser

Ser

Ser

Pro

Ala

60

Ser

Ser

Ser

Gly

Pro

Ser

60

Ser

Asn

Arg Leu
45
Arg Phe

Ser Leu

Asn Trp

Leu Ser

Val Ser
30

Arg Leu
45
Arg Phe

Ser Leu

Asn Trp

Ala Ser

Ile Ser
30

Lys Ser
45
Arg Phe

Ser Leu

Ser Tyr

Leu

Ser

Glu

Pro
95

Pro

15

Ser

Leu

Ser

Glu

Pro
95

Val

15

Ser

Leu

Ser

Gln

Pro
95

Ile

Gly

Pro

80

Arg

Gly

Tyr

Ile

Gly

Pro

80

Thr

Gly

Trp

Ile

Gly

Pro
80

Tyr
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-continued

<400> SEQUENCE: 28

Glu Ile Val Leu Thr Gln Ser Pro Gly Thr Leu Ser Leu Ser Pro Gly
1 5 10 15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gln Ser Val Ser Ser Ser
20 25 30

Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Arg Leu Leu
Ile Tyr Gly Ala Ser Ser Arg Ala Thr Gly Ile Pro Asp Arg Phe Ser
50 55 60

Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Arg Leu Glu
65 70 75 80

Pro Glu Asp Phe Ala Val Tyr Tyr Cys Gln Gln Tyr Gly Ser Ser Pro
85 90 95

Trp Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105

<210> SEQ ID NO 29

<211> LENGTH: 107

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 29

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Gly Ile Ser Ser Trp
20 25 30

Leu Ala Trp Tyr Gln Gln Lys Pro Glu Lys Ala Pro Lys Ser Leu Ile
35 40 45

Tyr Ala Ala Ser Ser Leu Gln Ser Gly Val Pro Ser Arg Phe Ser Gly
Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Tyr Asn Ser Tyr Pro Tyr
85 90 95

Thr Phe Gly Gln Gly Thr Lys Leu Glu Ile Lys
100 105

<210> SEQ ID NO 30

<211> LENGTH: 106

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 30

Glu Ile Val Leu Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly
1 5 10 15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gln Ser Val Ser Ser Tyr
20 25 30

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Arg Leu Leu Ile
35 40 45

Tyr Asp Ala Ser Asn Arg Ala Thr Gly Ile Pro Ala Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Glu Pro
65 70 75 80

Glu Asp Phe Ala Val Tyr Tyr Cys Gln Gln Arg Ser Asn Trp Pro Thr
85 90 95

Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
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-continued

100 105

<210> SEQ ID NO 31

<211> LENGTH: 106

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 31

Glu Ile Val Leu Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly
1 5 10 15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gln Ser Val Ser Ser Tyr
20 25 30

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Arg Leu Leu Ile
35 40 45

Tyr Asp Ala Ser Asn Arg Ala Thr Gly Ile Pro Ala Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Glu Pro
65 70 75 80

Glu Asp Phe Ala Val Tyr Tyr Cys Gln Gln Arg Ser Asn Trp Pro Thr
85 90 95

Phe Gly Gln Gly Thr Lys Val Glu Ile Lys
100 105

<210> SEQ ID NO 32

<211> LENGTH: 106

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 32

Glu Ile Val Leu Thr Gln Ser Pro Gly Thr Leu Ser Leu Ser Pro Gly
1 5 10 15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gln Ser Val Ser Ser Ser
20 25 30

Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Arg Leu Leu
35 40 45

Ile Tyr Gly Ala Ser Ser Arg Ala Thr Gly Ile Pro Asp Arg Phe Ser
50 55 60

Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Arg Leu Glu
65 70 75 80

Pro Glu Asp Phe Ala Val Tyr Tyr Cys Gln Gln Tyr Gly Ser Ser Pro
85 90 95

Phe Gly Gly Gly Thr Lys Val Glu Ile Lys
100 105

<210> SEQ ID NO 33

<211> LENGTH: 106

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 33

Glu Ile Val Leu Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly
1 5 10 15

Glu Arg Ala Thr Leu Ser Cys Arg Ala Ser Gln Ser Val Ser Ser Tyr
20 25 30

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Arg Leu Leu Ile
35 40 45

Tyr Asp Ala Ser Asn Arg Ala Thr Gly Ile Pro Ala Arg Phe Ser Gly
50 55 60
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Ser Gly Ser Gly Thr Asp Phe
65 70

Glu Asp Phe Ala Val Tyr Tyr
85

Phe Gly Gln Gly Thr Arg Leu
100

<210> SEQ ID NO 34

<211> LENGTH: 107

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 34

Ala Ile Gln Leu Thr Gln Ser
1 5

Asp Arg Val Thr Ile Thr Cys
20

Leu Ala Trp Tyr Gln Gln Lys
35

Tyr Asp Ala Ser Ser Leu Glu
50 55

Ser Gly Ser Gly Thr Asp Phe

Glu Asp Phe Ala Thr Tyr Tyr
85

Thr Phe Gly Pro Gly Thr Lys
100

<210> SEQ ID NO 35

<211> LENGTH: 141

<212> TYPE: PRT

<213> ORGANISM: Oryctolagus

<400> SEQUENCE: 35

Met Glu Thr Gly Leu Arg Trp
1 5

Val Gln Cys Leu Ser Val Glu
20

Gly Thr Pro Leu Thr Leu Thr
35

Asn Tyr His Met Phe Trp Val
50 55

Trp Ile Gly Val Ile Thr Ser

Tyr Tyr Ala Thr Trp Ala Lys
85

Thr Thr Val Asn Leu Arg Ile
100

Thr Tyr Phe Cys Ala Arg Asp
115

Asp Ile Trp Gly Pro Gly Thr
130 135

<210> SEQ ID NO 36

<211> LENGTH: 116

<212> TYPE: PRT

<213> ORGANISM: Oryctolagus

Thr

Cys

Glu

Pro

Arg

Pro

40

Ser

Thr

Cys

Val

Leu

Gln

Ile
105

Ser

Ala

25

Gly

Gly

Leu

Gln

Asp
105

Thr Ile Ser Ser Leu Glu Pro
75 80

Gln Arg Ser Asn Trp Pro Thr
90 95

Lys

Ser Leu Ser Ala Ser Val Gly
10 15

Ser Gln Gly Ile Ser Ser Ala
30

Lys Ala Pro Lys Leu Leu Ile
45

Val Pro Ser Arg Phe Ser Gly
60

Thr Ile Ser Ser Leu Gln Pro

Gln Phe Asn Ser Tyr Pro Phe
90 95

Ile Lys

cuniculus

Leu

Glu

Cys

40

Arg

Ser

Gly

Thr

Tyr
120

Leu

Leu

Ser

25

Thr

Gln

Gly

Arg

Ser
105

Phe

Val

Leu Val Ala Val Leu Lys Gly
10 15

Gly Gly Arg Leu Val Thr Pro
30

Ala Ser Gly Phe Thr Ile Thr
45

Ala Pro Gly Lys Gly Leu Glu
60

Ile Gly Ser Ser Ser Thr Thr
Phe Thr Ile Ser Lys Thr Ser
90 95

Pro Thr Thr Glu Asp Thr Ala
110

Thr Asn Thr Tyr Tyr Ala Leu
125

Thr Val Ser Ser
140

cuniculus
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<400> SEQUENCE:

Met

1

Leu

Thr

Gln

Pro

65

Pro

Ile

Ser

Asp

Pro

Ser

Ser

50

Pro

Ser

Ser

Ala

Thr

Gly

Thr

35

Ile

Lys

Arg

Gly

Gly
115

Arg

Ala

20

Ala

Ser

Leu

Phe

Val

100

Ser

<210> SEQ ID NO
<211> LENGTH: 5
<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Asn Tyr His Met

1

<210>
<211>
<212>
<213>

<400>

PRT

SEQUENCE :

21

Ala

Arg

Val

Val

Leu

Lys

85

Gln

37

Pro

Cys

Gly

Tyr

Ile

70

Gly

Arg

Thr

Ala

Gly

Leu

55

Tyr

Ser

Glu

Gln

Leu

Thr

40

Ala

Ser

Arg

Asp

Leu

Val

25

Val

Trp

Ala

Ser

Ala
105

Leu

10

Met

Thr

Tyr

Ser

Gly

90

Ala

Oryctolagus cuniculus

37

Phe

SEQ ID NO 38
LENGTH:
TYPE :
ORGANISM: Oryctolagus cuniculus

38

Gly

Thr

Ile

Gln

Thr

75

Thr

Thr

Leu

Gln

Lys

Gln

60

Leu

Glu

Tyr

Leu

Thr

Cys

45

Lys

Ala

Tyr

Tyr

Leu

Pro

30

Gln

Pro

Ser

Thr

Cys
110

Leu

15

Ser

Ala

Gly

Gly

Leu

95

Leu

Trp

Ser

Ser

Gln

Val

80

Thr

Gly

Val Ile Thr Ser Ser Gly Ile Gly Ser Ser Ser Thr Thr Tyr Tyr Ala

1

5

Thr Trp Ala Lys Gly

20

<210> SEQ ID NO 39

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Oryctolagus

PRT

<400> SEQUENCE:

12

39

Asp Tyr Phe Thr Asn Thr Tyr

1

5

<210> SEQ ID NO 40

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Oryctolagus

PRT

<400> SEQUENCE:

11

40

Gln Ala Ser Gln Ser Ile Ser

1

5

<210> SEQ ID NO 41
<211> LENGTH: 7
<212> TYPE:
<213> ORGANISM: Oryctolagus

PRT

10

cuniculus

Tyr Ala Leu Asp Ile

10

cuniculus

Val Tyr Leu Ala

10

cuniculus

15
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-continued

<400> SEQUENCE: 41
Ser Ala Ser Thr Leu Ala Ser
1 5

<210> SEQ ID NO 42

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Oryctolagus cuniculus
<400> SEQUENCE: 42

Leu Gly Ser Ala Gly Ser Asp Asp Ala Ala
1 5 10

What is claimed is:

1. A method of treating a human subject afflicted with a

cancer comprising administering to the subject:

(a) an antibody or an antigen-binding portion thereof that
specifically binds to and inhibits Programmed Death-1
(PD-1) (“anti-PD-1 antibody”); and

(b) an antibody or an antigen-binding portion thereof that
specifically binds to and inhibits Cytotoxic T-Lympho-
cyte Antigen-4 (CTLA-4) (“anti-CTLA-4 antibody™);

(1) an induction dosing schedule comprising administra-
tion of the anti-PD-1 antibody and the anti-CTLA-4
antibody at a dosing frequency of once every 2, 3 or 4
weeks, or once a month, for 2, 4, 6, 8, 10, or 12 doses,
followed by administration of the anti-PD-1 antibody
alone at a dosing frequency of once every 2, 3 or 4
weeks, or once a month, for 2, 4, 6, 8, 10, or 12 doses;
followed by

(i1) a maintenance dosing schedule comprising adminis-
tration of the anti-PD-1 antibody and the anti-CTLA-4
antibody at a dosing frequency of once every 8, 12 or
16 weeks, or once a quarter, for 4, 6, 8, 10, 12 or 16
doses; and wherein the anti-PD-1 antibody and the
anti-CTLA-4 antibody are administered in the induc-
tion dosing schedule at the following dosages:

(a) 0.1 mg/kg anti-PD-1 antibody and 3 mg/kg of anti-
CTLA-4 antibody;

(b) 5 mg/kg anti-PD-1 antibody and 3 mg/kg of anti-
CTLA-4 antibody;

(c) 10 mg/kg anti-PD-1 antibody and 3 mg/kg of anti-
CTLA-4 antibody;

(d) 0.1 mg/kg anti-PD-1 antibody and 1 mg/kg of anti-
CTLA-4 antibody;

(e) 0.3 mg/kg anti-PD-1 antibody and 1 mg/kg of anti-
CTLA-4 antibody;

(H) 1 mg/kg anti-PD-1 antibody and 1 mg/kg of anti-
CTLA-4 antibody;

(g) 3 mg/kg anti-PD-1 antibody and 1 mg/kg of anti-
CTLA-4 antibody;

(h) 5 mg/kg anti-PD-1 antibody and 1 mg/kg of anti-
CTLA-4 antibody;

(1) 10 mg/kg anti-PD-1 antibody and 1 mg/kg of anti-
CTLA-4 antibody;

(3 0.1 mg/kg anti-PD-1 antibody and 0.1 mg/kg of
anti-CTLA-4 antibody;

(k) 0.3 mg/kg anti-PD-1 antibody and 0.3 mg/kg of
anti-CTLA-4 antibody;

D 0.5 mg/kg anti-PD-1 antibody and 0.5 mg/kg of
anti-CTLA-4 antibody; or
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(m) 5 mg/kg anti-PD-1 antibody and 5 mg/kg of anti-
CTLA-4 antibody.

2. The method of claim 1, wherein the anti-PD-1 antibody

is nivolumab.

3. The method of claim 1, wherein the anti-CTLA-4
antibody is ipilimumab.

4. The method of claim 1, wherein the anti-CTLA-4
antibody is administered during the induction dosing sched-
ule once every 3 weeks for a total of 4 doses.

5. A method of treating a human subject afflicted with a
cancer comprising administering to the subject 1 mg/kg of
an anti-PD-1 antibody and 3 mg/kg of an anti-CTLA-4
antibody every 3 weeks for 4 doses, followed by subse-
quently administering the anti-PD-1 antibody alone at a
dosing frequency of once every 2 weeks.

6. The method of claim 1, wherein the administering
comprises:

(1) an induction dosing schedule comprising administra-
tion of the anti-PD-1 antibody and the anti-CTLA-4
antibody at a dosing frequency of once every 3 weeks
for 4 doses, followed by administration of the anti-
PD-1 antibody alone at a dosing frequency of once
every 3 weeks for 4 doses; followed by

(ii) a maintenance dosing schedule comprising adminis-
tration of the anti-PD-1 antibody and the anti-CTLA-4
antibody at a dosing frequency of once every 2 to 12
weeks for up to 8 doses.

7. The method of claim 1, wherein the treatment provides

a reduction in tumor size, reduction in tumor growth,
elimination of the tumor, reduction in number of metastatic
lesions over time, complete response, partial response, or
stable disease.

8. The method of claim 1, wherein the cancer is selected
from liver cancer, hepatocellular carcinoma, bone cancer,
pancreatic cancer, skin cancer, cancer of the head or neck,
breast cancer, lung cancer, squamous non-small cell lung
cancer (NSCLC), non-squamous NSCLC, cutaneous or
intraocular malignant melanoma, renal cancer, renal cell
carcinoma, uterine cancer, ovarian cancer, colorectal cancer,
colon cancer, colorectal cancer, rectal cancer, cancer of the
anal region, stomach cancer, testicular cancer, castration-
resistant prostate cancer, uterine cancer, carcinoma of the
fallopian tubes, carcinoma of the endometrium, carcinoma
of the cervix, carcinoma of the vagina, carcinoma of the
vulva, non-Hodgkin’s lymphoma, cancer of the esophagus,
cancer of the small intestine, gastric cancer, cancer of the
endocrine system, cancer of the thyroid gland, cancer of the
parathyroid gland, cancer of the adrenal gland, sarcoma of
soft tissue, cancer of the urethra, cancer of the penis, solid
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tumors of childhood, cancer of the bladder, cancer of the
kidney or ureter, carcinoma of the renal pelvis, neoplasm of
the CNS, primary CNS lymphoma, tumor angiogenesis,
spinal axis tumor, brain stem glioma, pituitary adenoma,
Kaposi’s sarcoma, epidermoid cancer, squamous cell cancer,
asbestos-induced cancers, and a hematologic malignancy.
9. The method of claim 8, wherein the hematologic
malignancy is selected from multiple myeloma, B-cell lym-
phoma, Hodgkin lymphoma/primary mediastinal B-cell
lymphoma, non-Hodgkin’s lymphomas, acute myeloid lym-
phoma, chronic myelogenous leukemia, chronic lymphoid
leukemia, lymphocytic lymphoma, follicular lymphoma,
diffuse large B-cell lymphoma, Burkitt’s lymphoma, immu-
noblastic large cell lymphoma, precursor B-lymphoblastic
lymphoma, mantle cell lymphoma, acute lymphoblastic leu-
kemia, mycosis fungoides, anaplastic large cell lymphoma,
T-cell lymphoma, and precursor T-lymphoblastic lym-
phoma.
10. The method of claim 1, wherein the cancer is the
cancer is an advanced, recurring, metastatic, and/or refrac-
tory cancer.
11. The method of claim 1, wherein the treatment is
further combined with one of more of chemotherapy, radia-
tion, surgery, hormone deprivation, angiogenesis inhibitors,
and an anti-PD-L1 antibody or antigen-binding portion
thereof.
12. The method of claim 1, wherein the anti-PD-1 anti-
body and the anti-CTLA-4 antibody are administered in the
maintenance dosing schedule at the following dosages:
(a) 0.1 mg/kg anti-PD-1 antibody and 3 mg/kg of anti-
CTLA-4 antibody;

(b) 5 mg/kg anti-PD-1 antibody and 3 mg/kg of anti-
CTLA-4 antibody;

(c) 10 mg/kg anti-PD-1 antibody and 3 mg/kg of anti-
CTLA-4 antibody;

(d) 0.1 mg/kg anti-PD-1 antibody and 1 mg/kg of anti-
CTLA-4 antibody;

(e) 0.3 mg/kg anti-PD-1 antibody and 1 mg/kg of anti-
CTLA-4 antibody;

(H 1 mg/kg anti-PD-1 antibody and 1 mg/kg of anti-
CTLA-4 antibody;

(g) 3 mg/kg anti-PD-1 antibody and 1 mg/kg of anti-
CTLA-4 antibody;

(h) 5 mg/kg anti-PD-1 antibody and 1 mg/kg of anti-
CTLA-4 antibody;

(i) 10 mg/kg anti-PD-1 antibody and 1 mg/kg of anti-
CTLA-4 antibody;

(3 0.1 mg/kg anti-PD-1 antibody and 0.1 mg/kg of

anti-CTLA-4 antibody;

(k) 0.3 mg/kg anti-PD-1 antibody and 0.3 mg/kg of

anti-CTLA-4 antibody;

D 0.5 mg/kg anti-PD-1 antibody and 0.5 mg/kg of

anti-CTLA-4 antibody; or

(m) 5 mg/kg anti-PD-1 antibody and 5 mg/kg of anti-

CTLA-4 antibody.
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13. The method of claim 5, wherein the anti-PD-1 anti-
body subsequently administered alone is administered at a
dosage of 3 mg/kg.

14. The method of claim 1, wherein 5 mg/kg of the
anti-PD-1 antibody and 3 mg/kg of the anti-CTLA-4 anti-
body are administered to a human subject every 3 weeks for
4 doses in the induction dosing schedule.

15. The method of claim 1, wherein 1 mg/kg of the
anti-PD-1 antibody and 1 mg/kg of the anti-CTLA-4 anti-
body are administered to a human subject every 3 weeks for
4 doses in the induction dosing schedule.

16. The method of claim 1, wherein 3 mg/kg of the
anti-PD-1 antibody and 1 mg/kg of the anti-CTLA-4 anti-
body are administered to a human subject every 3 weeks for
4 doses in the induction dosing schedule.

17. The method of claim 1, wherein 5 mg/kg of the
anti-PD-1 antibody and 1 mg/kg of the anti-CTLA-4 anti-
body are administered to a human subject every 3 weeks for
4 doses in the induction dosing schedule.

18. The method of claim 5, wherein the treatment pro-
vides a reduction in tumor size, reduction in tumor growth,
elimination of the tumor, reduction in number of metastatic
lesions over time, complete response, partial response, or
stable disease.

19. The method of claim 5, wherein the cancer is selected
from liver cancer, hepatocellular carcinoma, bone cancer,
pancreatic cancer, skin cancer, cancer of the head or neck,
breast cancer, lung cancer, squamous non-small cell lung
cancer (NSCLC), non-squamous NSCLC, melanoma, renal
cancer, renal cell carcinoma, uterine cancer, ovarian cancer,
colorectal cancer, colon cancer, colorectal cancer, rectal
cancer, cancer of the anal region, stomach cancer, testicular
cancer, castration-resistant prostate cancer, uterine cancer,
carcinoma of the fallopian tubes, carcinoma of the endome-
trium, carcinoma of the cervix, carcinoma of the vagina,
carcinoma of the vulva, non-Hodgkin’s lymphoma, cancer
of the esophagus, cancer of the small intestine, gastric
cancer, cancer of the endocrine system, cancer of the thyroid
gland, cancer of the parathyroid gland, cancer of the adrenal
gland, sarcoma of soft tissue, cancer of the urethra, cancer
of the penis, solid tumors of childhood, cancer of the
bladder, cancer of the kidney or ureter, carcinoma of the
renal pelvis, neoplasm of the CNS, primary CNS lymphoma,
tumor angiogenesis, spinal axis tumor, brain stem glioma,
pituitary adenoma, Kaposi’s sarcoma, epidermoid cancer,
squamous cell cancer, asbestos-induced cancers, and a
hematologic malignancy.

20. The method of claim 5, wherein the cancer is mela-
noma.

21. The method of claim 5, wherein the cancer is an
advanced, recurring, metastatic, and/or refractory cancer.

22. The method of claim 5, wherein the treatment is
further combined with one of more of chemotherapy, radia-
tion, surgery, hormone deprivation, angiogenesis inhibitors,
and an anti-PD-L1 antibody or antigen-binding portion
thereof.
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