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A B S T R A C T

Purpose
Programmed death-1 (PD-1), an inhibitory receptor expressed on activated T cells, may suppress
antitumor immunity. This phase I study sought to determine the safety and tolerability of anti–PD-1
blockade in patients with treatment-refractory solid tumors and to preliminarily assess antitumor
activity, pharmacodynamics, and immunologic correlates.

Patients and Methods
Thirty-nine patients with advanced metastatic melanoma, colorectal cancer (CRC), castrate-
resistant prostate cancer, non–small-cell lung cancer (NSCLC), or renal cell carcinoma (RCC)
received a single intravenous infusion of anti–PD-1 (MDX-1106) in dose-escalating six-patient
cohorts at 0.3, 1, 3, or 10 mg/kg, followed by a 15-patient expansion cohort at 10 mg/kg. Patients
with evidence of clinical benefit at 3 months were eligible for repeated therapy.

Results
Anti–PD-1 was well tolerated: one serious adverse event, inflammatory colitis, was observed in a
patient with melanoma who received five doses at 1 mg/kg. One durable complete response
(CRC) and two partial responses (PRs; melanoma, RCC) were seen. Two additional patients
(melanoma, NSCLC) had significant lesional tumor regressions not meeting PR criteria. The serum
half-life of anti–PD-1 was 12 to 20 days. However, pharmacodynamics indicated a sustained mean
occupancy of � 70% of PD-1 molecules on circulating T cells � 2 months following infusion,
regardless of dose. In nine patients examined, tumor cell surface B7-H1 expression appeared to
correlate with the likelihood of response to treatment.

Conclusion
Blocking the PD-1 immune checkpoint with intermittent antibody dosing is well tolerated and associated
with evidence of antitumor activity. Exploration of alternative dosing regimens and combinatorial
therapies with vaccines, targeted therapies, and/or other checkpoint inhibitors is warranted.

J Clin Oncol 28:3167-3175. © 2010 by American Society of Clinical Oncology

INTRODUCTION

Genetic and epigenetic aberrations occur com-
monly in human tumors and produce altered anti-
genic profiles that can be selectively recognized by
the adaptive immune response.1 A dynamic inter-
play exists between host and tumor, and the ability
of the tumor to evade immune recognition often
determines the clinical course of the disease.2 The
successes of passive immunotherapies, such as
monoclonal antibodies (mAbs) directed against
tumor or vascular cell surface molecules or adop-
tive transfer of tumor-specific T cells, validate the
potential of immunotherapy to eradicate established

metastatic cancers. However, active immunothera-
peutic strategies designed to enhance endogenous
antitumor responses, such as cancer vaccines, have
been far less successful.

Augmenting specific antitumor CD4� and
CD8� T cell responses is a major goal of cancer
immunotherapy. Important insights explaining the
limitations of T cell– based cancer immunothera-
pies have come from the discovery of inhibitory
coreceptors and pathways termed immune check-
points, which restrain T cell functions in normal
physiologic settings and may be exploited by tu-
mors.3 Preclinical cancer models demonstrate that
inhibitory signals mediated by coreceptors on
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tumor-specific T cells impede antitumor immunity and suggest that
blockade of such interactions can release the brakes on immune re-
sponsiveness leading to tumor elimination. The most extensively
studied inhibitory T cell coreceptor, CTLA-4 (CD152), has been
evaluated in patients with advanced cancers. As originally pre-
dicted by murine models, anti–CTLA-4 therapy in humans resulted
in objective tumor regressions including durable complete re-
sponses (CRs) in some patients. However, as anticipated from the
uncontrolled lymphoproliferation observed in CTLA-4 null mice,4

anti–CTLA-4 therapy was associated with a significant frequency of
serious immunologic adverse events (AEs).5 Thus, investigators have
searched for new checkpoint blocking agents with more favorable
therapeutic profiles.

Programmed death-1 (PD-1, CD279) is an inhibitory coreceptor
expressed on antigen-activated and exhausted T and B cells.6 It bears
homology to CTLA-4 but provides distinct immune-inhibitory sig-
nals. In contrast to early lethality in CTLA-4 knockout mice, PD-1
knockouts demonstrate modest late-onset strain- and organ-specific
autoimmunity.7,8 There are two known ligands for PD1: B7-H1/PD-L1
(hereafter B7-H1), the predominant mediator of PD-1–dependent
immunosuppression, and B7-DC/PD-L2. In murine tumor models,
B7-H1 expression confers immune resistance, and interrupting PD-1:
B7-H1 interactions has antitumor effects.9-11 B7-H1 is highly upregu-
lated in many murine and human tumors (either in tumor cells or
nontransformed cells in the tumor microenvironment such as
antigen-presenting cells),12 and its expression is associated with poor
outcome for patients with certain epithelial cancers.13,14 These find-
ings have focused attention on PD-1:B7-H1 blockade as a strategy for
cancer immunotherapy. On the basis of these considerations, we ini-
tiated a phase I clinical trial of PD-1 blockade with the fully human
mAb MDX-1106 in 39 patients with advanced treatment-refractory
solid tumors. We report here the safety, antitumor activity, pharma-
codynamics, and correlative in vitro results from this trial.

PATIENTS AND METHODS

MDX-1106

MDX-1106 (BMS-936558/ONO-4538) is a genetically engineered, fully
human immunoglobulin G4 (IgG4) mAb specific for human PD-1 (Appendix
Fig A1A, online only). Mice transgenic for human Ig loci were immunized with
Chinese hamster ovary cell PD-1 transfectants and a PD-1/human IgG1 Fc
fusion protein. MDX-1106 contains an engineered hinge region mutation
(S228P) designed to prevent exchange of IgG4 molecules; the IgG4 isotype
minimizes cellular and complement-mediated cytolytic functions. MDX-1106
binds PD-1 with high affinity (KD � 2.6 nmol/L by Scatchard analysis to
polyclonally activated human T cells), blocks its interactions with both B7-H1
and B7-DC (Appendix Fig A1B), and enhances tumor antigen-specific T cell
proliferation and secretion of cytokines in vitro.15

Patients

Eligible patients had treatment-refractory metastatic melanoma,
castrate-resistant prostate cancer, renal cell carcinoma (RCC), non–small-cell
lung cancer (NSCLC), or colorectal cancer (CRC), and had no cancer therapy
for at least 4 weeks before enrollment. Patients were � 18 years old with a life
expectancy of � 12 weeks, an Eastern Cooperative Oncology Group (ECOG)
performance status of 0 or 1, adequate organ function, and no ongoing sys-
temic infections or history of autoimmune disease. Concurrent antineoplastic
therapies, systemic steroids, and prior treatment with anti–CTLA-4 were not
permitted. Patients with treated stable brain metastases were eligible.

Study Design and Procedures

This multi-institutional, first in-human, open-label, phase I, dose-
escalation study was approved by local institutional review boards. All partic-
ipating patients signed informed consent. The primary objectives were to
characterize the safety and tolerability of a single dose of MDX-1106 in patients
with selected malignancies and to determine the maximum-tolerated dose
(MTD) and pharmacokinetics. Secondary objectives included assessing anti-
tumor activity, pharmacodynamics, and immunologic end points. Sequential
cohorts of six patients received a 60-minute intravenous infusion of MDX-
1106 at 0.3, 1, 3, or 10 mg/kg and were evaluated for toxicities on a weekly basis
for 8 weeks. Dose-limiting toxicity (DLT) was defined as a treatment-related
grade � 3 AE or laboratory abnormality occurring � 28 days postdose. The
MTD was the highest dose at which no more than one of six patients experi-
enced a DLT. Fifteen additional patients were planned to be enrolled at the
MTD or the highest planned dose (10 mg/kg) to confirm safety.

Patients were restaged radiographically (Response Evaluation Criteria in
Solid Tumors [RECIST] 1.0) at 8 and 12 weeks. Patients with progressive
disease were taken off study. Those with stable disease or evidence of lesional
tumor regression, no AE grade � 3, and no evidence of human antihuman Ab
at a 1:10 serum dilution received additional doses of MDX-1106 at weeks 12
and 16 and were then observed for 3 months and restaged. Those with contin-
ued clinical benefit could receive two more doses, spaced by 4 weeks. Each
re-treatment phase was 16 weeks. Patients with objective partial responses
(PRs) or CRs were observed, with optional re-treatment on progression.
Responses are reported as of January 2010.

Pharmacokinetics

Serum samples were collected serially before and up to 85 days after the
first dose of MDX-1106. MDX-1106 serum concentrations were determined
with a quantitative enzyme-linked immunosorbent assay (ELISA) capable of
detecting � 1.2 �g/mL, using 96-well plates coated with chimeric PD-1/
human IgG1 Fc protein (R&D Systems, Minneapolis, MN).

Tumor Biopsies

Sections of formalin-fixed, paraffin-embedded tumor specimens ar-
chived before protocol entry or core-needle or excisional biopsies obtained
immediately pre- and post-therapy were subjected to hematoxylin and
eosin staining and immunohistochemistry (IHC) to detect lymphoid infil-
trates (anti-CD3, anti-CD4, and anti-CD8) and B7-H1 expression (murine
antihuB7-H1, clone 5H1; previously described13). Pigmented melanoma sam-
ples were bleached before staining and visualized with a red chromogen.
Tumors were considered B7-H1–positive if � 5% of tumor cells showed
membranous staining with 5H1.

Immunologic Assessments

Delayed-type hypersensitivity reactions to Candida albicans and tetanus
toxoid were assessed along with viral antigen recall reactions (details are in-
cluded in the Appendix, online only). Peripheral blood lymphocyte (PBL)
phenotypes were also assessed. Serially collected blood was analyzed for the
presence and activation status of various lymphocyte subsets, as detailed in
the Appendix.

PD-1 Receptor Occupancy (pharmacodynamics)

MDX-1106 binding to PD-1 molecules on circulating CD3� PBLs was
investigated with flow cytometric analysis of serially collected blood samples
(see PBL phenotyping schedule in the Appendix). Peripheral blood mononu-
clear cells were preincubated (30 minutes at 4°C) with a saturating concentra-
tion (20 �g/mL) of either unlabeled huIgG4 (isotype control) or MDX-1106,
washed extensively, and then costained with anti-CD3 fluorescein isothiocya-
nate and murine antihuIgG4 biotin (Invitrogen, Carlsbad, CA) plus
streptavidin-phycoerythrin. PD-1 occupancy by infused MDX-1106 was esti-
mated as the ratio of the percent of CD3� cells stained with antihuIgG4 after in
vitro saturation with isotype control Ab (indicating in vivo binding) to that
observed after MDX-1106 saturation (indicating total available binding sites).
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will involve combinatorial therapies with other agents that boost en-
dogenous antitumor immunity. Treatment regimens combining
MDX-1106 with vaccines, molecularly targeted therapies, or other
immunomodulators are already under evaluation in the laboratory
for near-term clinical development.
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Glossary Terms

Antigen: A substance that promotes, or is the target of, an im-
mune response.

Antigen-presenting cells: Cells of the immune system that
play a major role in adaptive immunity, APCs are responsible for
binding and processing antigens for presentation to T lymphocytes
and producing signals that lead to lymphocyte proliferation and
differentiation. Dendritic cells and macrophages are examples
of APCs.

AUC (area under the curve): A measure of the amount of
drug in the blood over a set period of time (e.g., 24 hours) that can
be used to determine drug exposure.

Cytokines: Cell communication molecules that are secreted in
response to external stimuli.

ELISpot: Enzyme-linked immunospot that is exquisitely sensitive
to assay minute amounts of mediators that are produced by cells.
Typically, cells are deposited on a membrane coated with an anti-
body specific for a given protein. The protein of interest is captured
directly around the secreting cell and is detected with an antibody
specific for a different epitope. Coupled with colorimetry, the cells
are visualized by specialized plate readers. Thus, the molecule is as-
sayed before it is diluted in the supernatant, captured by receptors of
adjacent cells, or degraded.

Enzyme-linked immunosorbent assay (ELISA): An
ELISA is a sensitive, quantitative immunochemical test that

involves an enzyme linked to an antibody or antigen to allow detection of a
specific protein. Generally, the specimen is added to a surface, on which are
immobilized antibodies specific to the protein of interest. If the protein is
present, it will bind to the attached antibody layer. The presence of the
bound protein is then verified with antibodies that have been tagged with an
enzyme, which causes the specimen to change color corresponding to the
concentration of the target protein.

Immunogenic: Capable of inducing an immune response.

Immunohistochemistry: The application of antigen-antibody
interactions to histochemical techniques. Typically, a tissue section is
mounted on a slide and is incubated with antibodies (polyclonal or
monoclonal) specific to the antigen (primary reaction). The antigen-
antibody signal is then amplified using a second antibody conjugated
to a complex of peroxidase-antiperoxidase (PAP), avidin-biotin-
peroxidase (ABC) or avidin-biotin alkaline phosphatase. In the pres-
ence of substrate and chromogen, the enzyme forms a colored
deposit at the sites of antibody-antigen binding. Immunofluores-
cence is an alternate approach to visualize antigens. In this technique,
the primary antigen-antibody signal is amplified using a second anti-
body conjugated to a fluorochrome. On UV light absorption, the fluo-
rochrome emits its own light at a longer wavelength (fluorescence), thus
allowing localization of antibody-antigen complexes.

Immunotherapy: A therapeutic approach that uses cellular and/or
humoral elements of the immune system to fight a disease.
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