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A B S T R A C T

Purpose
The antibody-drug conjugate glembatumumab vedotin links a fully human immunoglobulin G2
monoclonal antibody against the melanoma-related glycoprotein NMB (gpNMB) to the potent
cytotoxin monomethyl auristatin E. This study evaluated the safety and activity of glembatu-
mumab vedotin in patients with advanced melanoma.

Patients and Methods
Patients received glembatumumab vedotin every 3 weeks (schedule 1) in a dose escalation
and phase II expansion at the maximum-tolerated dose (MTD). Dosing during 2 of 3 weeks
(schedule 2) and weekly (schedule 3) was also assessed. The primary end points were safety
and pharmacokinetics. The secondary end points included antitumor activity, gpNMB expres-
sion, and immunogenicity.

Results
One hundred seventeen patients were treated using schedule 1 (n � 79), schedule 2 (n � 15), or
schedule 3 (n � 23). The MTDs were 1.88, 1.5, and 1.0 mg/kg for schedules 1, 2, and 3,
respectively. Grade 3/4 treatment-related toxicities that occurred in two or more patients included
rash, neutropenia, fatigue, neuropathy, arthralgia, myalgia, and diarrhea. Three treatment-related
deaths (resulting from pneumococcal sepsis, toxic epidermal necrolysis, and renal failure) occurred
at doses exceeding the MTDs. In the schedule 1 phase II expansion cohort (n � 34), five patients
(15%) had a partial response and eight patients (24%) had stable disease for � 6 months. The
objective response rate (ORR) was 2 of 6 (33%) for the schedule 2 MTD and 3 of 12 (25%) for the
schedule 3 MTD. Rash was correlated with a greater ORR and improved progression-free survival.

Conclusion
Glembatumumab vedotin is active in advanced melanoma. The schedule 1 MTD (1.88 mg/kg
once every 3 weeks) was associated with a promising ORR and was generally well tolerated.
More frequent dosing was potentially associated with a greater ORR but increased
toxicity.

J Clin Oncol 32:3659-3666. © 2014 by American Society of Clinical Oncology

INTRODUCTION

Despite recent successes with oncogenic pathway
inhibition and immune checkpoint blockade,1-8

novel treatments for advanced melanoma are still
needed. Antibody-drug conjugates (ADCs) repre-
sent one strategy with the potential to expand the
armamentarium of effective agents for the treatment
of melanoma.

The human 560-amino-acid type I glycopro-
tein NMB (gpNMB) was identified using a
homology-based genomic mining process. gpNMB

shows homology closest to pMEL-17, a melanocyte-
specific marker that is differentially expressed in
melanoma cells.9,10 Both are intracellular trans-
membrane proteins that transit the cell surface, rep-
resenting a new class of targets for ADCs. gpNMB is
expressed in subcellular compartments and on the
cell surface on multiple cell types, including epithe-
lial cells, osteoclasts, osteoblasts, macrophages, and
dendritic cells (DCs).11-14 A number of tumors, in-
cluding those of melanoma, breast cancer, and glio-
blastoma, overexpress gpNMB relative to normal
tissue.10,15,16 Overexpression of gpNMB promotes
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invasion and metastasis of hepatocellular carcinoma, glioma, and
breast cancer cells,15,17-20 decreases tumor cell apoptosis, and pro-
motes angiogenesis20 in preclinical models.

Glembatumumab vedotin (CDX-011 or CR011-vcMMAE; Cell-
dex Therapeutics, Hampton, NJ) was produced by covalently linking a
fully human immunoglobulin G2 monoclonal antibody against
gpNMB (CR011) to monomethyl auristatin E (MMAE), a potent
mitotic spindle formation inhibitor.21-23 Glembatumumab vedotin is
designed to bind to gpNMB on tumor cells and release MMAE via
proteolytic cleavage of the valine-citrulline linker after lysosomal in-
ternalization, resulting in cell death from microtubule inhibition by
free MMAE. Glembatumumab vedotin has potent antitumor activity
against melanoma cell lines expressing gpNMB in vitro and in mouse
xenograft models using sk-mel-2 and sk-mel-5 cells in vivo.10, 24 This
phase I/II study was designed to assess the safety and activity of glem-
batumumab vedotin in patients with unresectable stage III or stage
IV melanoma.

PATIENTS AND METHODS

Patients

Eligible patients were � 18 years of age; had histologically confirmed,
progressive, unresectable stage III or IV cutaneous or ocular melanoma with
measurable disease according to RECIST 1.0; a life expectancy of � 3 months;
adequate organ function; and a Karnofsky performance score (KPS) of � 70.
Participants must have experienced treatment failure on no more than one line
of systemic cytotoxic therapy for metastatic disease, but there were no restric-
tions on the number of prior treatments with biologic or immunotherapeutic
agents. Selected exclusion criteria included progressive CNS metastases; cyto-
toxic chemotherapy, immunotherapy, biologic therapy, or radiotherapy in the
4 weeks before entry; unresolved grade 2 or higher toxicity from prior treat-
ment; significant comorbid illness; and pregnancy or nursing.

This study was conducted at four participating institutions in accordance
with the Declaration of Helsinki and good clinical practice guidelines after
approval by a local human investigations committee and in accord with an
assurance filed with and approved by the Department of Health and Human
Services, where appropriate. All patients signed a written informed consent
form before any protocol-specific procedures.

Study Design and Treatment

The primary objectives of this study were to evaluate the dose-limiting
toxicity (DLT), maximum-tolerated dose (MTD), pharmacodynamics, and
pharmacokinetics of glembatumumab vedotin. The secondary objectives were
to assess its antitumor activity and immunogenicity and to determine its
recommended phase II dose and schedule.

The study initially evaluated dosing once every 3 weeks (schedule 1; day
1 of a 21-day cycle). A phase I dose escalation to establish the MTD was
followed by use of an open-label, single-arm, Simon two-stage,25 phase II
expansion cohort to further assess the safety and efficacy of the MTD of
glembatumumab vedotin. For the dose escalation we used a classical three-
plus-three design.26 The initial dose level was 0.03 mg/kg, representing a
10-fold reduction from the highest nontoxic dose in nonhuman primates,
with scaling to the human equivalent dose27 and an additional three-fold
reduction for safety. Dose levels were escalated by 100% until a patient devel-
oped grade 2 or higher toxicity (excluding infusion-related and select manage-
able toxicities), after which the doses were to be escalated by 40% until
identification of the MTD. DLTs were defined as any of the following occur-
ring in cycle 1: grade 4 thrombocytopenia; grade 4 neutropenia lasting � 5
days or associated with fever; or grade 3 to 4 nonhematologic toxicity (exclud-
ing grade 3 nausea, vomiting, rash, arthralgia, myalgia, and fatigue resolved to
grade 2 or lower within 72 hours). After completion of dose escalation, two
intermediate dose levels were tested in a dose de-escalation design for potential
refinement of the schedule 1 MTD.

Because pharmacokinetic extrapolation and simulation studies sug-
gested that pharmacokinetic profiles might be optimized with more frequent
dosing, the protocol was amended to include dose escalations for schedule 2
(days 1 and 8 of a 21-day cycle) and schedule 3 (days 1, 8, and 15 of a 21-day
cycle). The starting dose levels were 1.25 and 0.75 mg/kg, respectively. Doses
were escalated in 0.25 mg/kg increments in independent dose-escalation
phases, per the criteria described for the dose-escalation part of schedule 1. Six
to 15 patients were to be treated at the MTD for each dose schedule.

Glembatumumab vedotin was administered as a 90-minute intravenous
infusion. Delays of up to 3 weeks and up to two dose reductions were permit-
ted for toxicity. Dosing continued until unmanageable treatment-related tox-
icities, disease progression, or death occurred.

On-Study Evaluation

Safety parameters assessed at baseline and at study visits included phys-
ical examination, vital signs, KPS, hematology, blood chemistry, and urinaly-
sis. An ECG and an ophthalmic examination were performed at baseline and at
treatment end. Toxicity was graded according to the National Cancer Institute
Common Terminology Criteria for Adverse Events (NCI-CTCAE) version
3.0. Tumor response was assessed every 6 weeks by the investigator according
to RECIST 1.0. Patients who discontinued treatment for reasons other than
disease progression were evaluated every 3 months until the initiation of
alternative therapy, disease progression, or death.

Table 1. Pretreatment Patient Characteristics

Characteristics

All Treated Patients
(N � 117)

No. of Patients %

Male 75 64
Age, years

Median 62
Range 36-82

KPS
100 59 50
90 42 36
80 15 13
70 1 1

Disease stage
III 12 10
IV� 105 90

M1a 14 12
M1b 21 18
M1c 62 53

Elevated LDH 49 42
Duration of metastatic disease,

years
Median 1.4
Range 0.05-10.3

Prior therapies
Biochemotherapy 16 14
Chemotherapy 59 50
Biologic therapy 67 57

CTLA-4 inhibitors 25 21
Interferon alfa 25 21
Interleukin-2 23 10
Other/unknown immunotherapy 23 20
Other/unknown biologic 11 9

Kinase inhibitors 9 8
Other therapies 26 22

Abbreviations: CTLA-4, cytotoxic T-cell lymphocyte antigen-4; KPS, Karnofsky
performance score; LDH, lactate dehydrogenase.

�M1 staging was not available for eight patients with stage IV disease.
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Correlative Studies

Serum samples for assessing immunogenicity, measuring circulating
gpNMB levels, and pharmacokinetic analysis were obtained before dosing on
day 1 of each cycle. During the first two cycles, additional pharmacokinetic
samples were taken at select time points. Intact ADC (CR011 antibody carry-
ing at least one attached molecule of MMAE) and total CR011 antibody (TA)
were quantified using enzyme-linked immunosorbent assays (ELISAs). Free
MMAE was quantified using liquid chromatography/mass spectrometry. The
assay sensitivities were 40, 400, and 0.05 ng/mL for ADC, TA, and free MMAE,
respectively. Noncompartmental analysis was performed with WINNonlin
(Scientific Consultant, Apex, NC) software version 5.3 (Pharsight, Mountain
View, CA). Soluble gpNMB was measured using an ELISA with immobilized
CR011 antibody to capture gpNMB and a rabbit polyclonal anti-gpNMB
antibody for detection.

Immunogenicity to glembatumumab vedotin was determined with
a bridging ELISA between immobilized and horseradish peroxidase–
conjugated glembatumumab vedotin, with a sensitivity of 50 ng/mL. The
threshold for positivity was defined by the upper 95% CI boundary for the
background optical density of 31 predose patient serum samples.

Tumor gpNMB expression was assessed by central immunohistochem-
istry with a biotinylated CR011 monoclonal antibody (Mosaic Laboratories,
Lake Forest, CA) for patients with available archived tumor specimens who
consented to the optional correlative studies. To retrospectively explore the
relationship between gpNMB expression and response to glembatumumab
vedotin, an H-score was calculated for each patient using the equation (3 �
percentage of cells staining at 3� intensity) � (2 � percentage of cells staining
at 2� intensity) � (1 � percentage of cells staining at 1� intensity).

Statistical Analysis

The primary objective of this study was to evaluate the safety and
pharmacokinetics of glembatumumab vedotin. Secondary objectives in-
cluded the determination of the objective response rate (ORR) for the
schedule 1 MTD expansion cohort (the primary efficacy objective). A

Simon two-stage design was used to test the null hypothesis that the ORR
was � 5% versus the alternative hypothesis that the ORR was � 20%. This
design had a type I error rate of 10% and a type II error rate of 10%.25 If one
or more responses were observed among the first 18 patients, an additional
14 patients would be enrolled. If four or more responses were observed in
the full cohort of 32 patients, glembatumumab vedotin would be deemed
worthy of additional development.

Additional end points included time to response, duration of re-
sponse, and progression-free survival (PFS). PFS was calculated from study
day 1 and summarized descriptively using the Kaplan-Meier method.
Disease progression was assumed on symptomatic deterioration, progres-
sion per RECIST, or death resulting from any cause. Patients who initiated
alternative cancer therapy or discontinued the study without documented
disease progression were censored as of therapy initiation or the last
evaluable tumor assessment, respectively.

RESULTS

Patient Characteristics and Disposition

One hundred seventeen patients were enrolled between June
2006 and September 2009. Baseline characteristics of the patients are
listed in Table 1.

Treatment and Toxicity

All 117 patients enrolled onto the study received at least one dose
of glembatumumab vedotin and were assessed for its safety. Median
duration of treatment in the overall study population was 9.1 weeks
(range, 1 to 58 weeks).

Patient dispositions to dosing schedules/levels and DLTs en-
countered are illustrated in Figure 1. In schedule 1 (once every 3 weeks;

2.63 mg/kg (n = 6)†

1.88 mg/kg (n = 7)

Schedule 1: Dosing Once Every 3 Weeks 

2.25 mg/kg (n = 4)*

2.0 mg/kg (n = 5)

Phase II MTD Expansion (n = 36)

1.88 mg/kg (n = 36)

1.34 mg/kg (n = 3)

0.96 mg/kg (n = 3)

0.48 mg/kg (n = 3)

0.24 mg/kg (n = 3)

0.12 mg/kg (n = 3)

0.06 mg/kg (n = 3)

0.03 mg/kg (n = 3)

Dose Escalation (n = 43)

Evaluation of 
intermediate dose levels

1.75 mg/kg (n = 6)‡

1.5 mg/kg (n = 6)

1.25 mg/kg (n = 3)

MTD

1.25 mg/kg (n = 5)||

1.0 mg/kg (n = 15)§

0.75 mg/kg (n = 3)

MTD

Schedule 3: Dosing Once per Week 

Dose Escalation (n = 23)

Schedule 2: Dosing Once Per Week for 2 of 3 Weeks

Dose Escalation (n = 15)

Fig 1. Patient dispositions. DLT, dose-
limiting toxicity; MTD, maximum-tolerated
dose. (*) Two DLTs: Grade 3 palmar-plantar
erythrodysaesthesia syndrome and grade 4
rash/neutropenic fever. (†) Two events of
grade 3 rash and one event of grade 2
erythema multiforme. (‡) Three DLTs:
grade 3 hyperglycemia/rash, grade 3
rash, and grade 5 toxic epidermal
necrolysis. (§) Grade 4 rash with grade 3
pruritus. (�) Grade 5 renal failure.
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n � 79), the dose was initially escalated in 100% increments. Because
all three patients receiving the 0.96 mg/kg dose experienced grade 1
diarrhea, subsequent dose escalations occurred in 40% increments. In
the 2.63 mg/kg cohort, two patients experienced grade 3 rash that
persisted for � 72 hours in cycle 1, and a third patient developed grade
2 erythema multiforme in the second cycle. Therefore, the MTD was
declared to be 1.88 mg/kg. Intermediate schedule 1 dose cohorts (2.0
and 2.25 mg/kg) were subsequently explored. The 2.25 mg/kg dose
was deemed to be not tolerated as a result of DLTs in two patients
(grade 3 palmar-plantar erythrodysesthesia syndrome and grade 4
rash/neutropenic fever). The 2.0 mg/kg dose was tolerated for one
cycle without evidence of DLTs, but this dose level was not pursued
further, because it represents only a minor increase over the dose
(1.88 mg/kg) that was already under evaluation in the phase II
expansion. For schedule 2 (once per week for 2 of 3 weeks; n � 15),
the MTD was declared to be 1.5 mg/kg because of the occurrence of
DLTs in three patients (grade 3 hyperglycemia/rash, grade 3 rash,
and fatal toxic epidermal necrolysis [TEN]) at the 1.75 mg/kg dose.
For schedule 3 (once per week; n � 23), after one death from acute
renal failure occurred at the 1.25 mg/kg dose, the MTD was de-
clared to be 1.0 mg/kg, and this cohort was expanded to 15 patients.

The most significant treatment-related toxicities were rash, fa-
tigue, alopecia, neuropathy, and neutropenia (Table 2). Rash was

associated with pruritus in most cases but was not characterized by
other consistent features. Rash was severe in approximately 30% of the
patients treated with the schedule 1 and schedule 3 MTDs. One patient
in each of these cohorts discontinued treatment because of rash. Neu-
ropathy appeared cumulatively, with somewhat earlier onset and
greater severity associated with more frequent dosing. Neuropathy
required discontinuation of treatment for one patient (2%) treated
with the schedule 1 MTD, compared with five patients (24%) in the
more frequent dosing MTDs. Three possibly treatment-related deaths
occurred at doses that exceeded the MTDs. An 80-year-old man re-
ceiving 1.75 mg/kg once per week for 2 of 3 weeks was hospitalized on
day 10 with diarrhea, nausea, vomiting, fever, dyspnea, and an ery-
thematous rash with flaccid bullae and sloughing. Skin biopsy results
were consistent with TEN. Laboratory tests revealed leukopenia and
renal failure. The patient then developed worsening multiorgan fail-
ure and died. A 72-year-old man receiving 1.25 mg/kg once per week
was hospitalized with hypotension and acute renal failure on day 15;
worsening renal and hepatic failure eventually lead to cardiopulmo-
nary arrest and death. A 54-year-old man receiving 2.25 mg/kg once
every 3 weeks was hospitalized at week 6 with a temperature of 105°F,
dyspnea, and mental status changes. The work-up revealed leukope-
nia and pneumonia. Despite intubation, antibiotics, and vasopressor
support, the patient died as a result of sepsis.

Table 2. Treatment-Related Toxicity

Event

Doses Below the
MTD (all schedules

pooled; n � 21)

Schedule 1�

MTD (1.88 mg/kg;
n � 43)

Schedule 2†
MTD (1.5 mg/kg;

n � 6)

Schedule 3‡ MTD
(1.0 mg/kg;

n � 15)

Doses Above the
MTD (all schedules

pooled; n � 32)

All
Grades

Grade
3 or

Higher
All

Grades

Grade
3 or

Higher
All

Grades

Grade
3 or

Higher
All

Grades

Grade
3 or

Higher
All

Grades

Grade
3 or

Higher

Nonhematologic toxicity
Rash 14 — 74 30 67 — 67 33 81 22
Fatigue 14 — 65 7 67 17 53 13 63 13
Pruritus 10 — 63 — 33 — 47 7 59 3
Alopecia — — 65 — 33 — 33 — 41 —
Diarrhea 10 — 47 2 67 — 20 — 38 6
Neuropathy 5 — 33 7 33 17 60 27 34 3
Nausea 5 — 35 — 50 — 7 — 41 —
Anorexia — — 40 — 33 — 13 — 28 3
Dysgeusia — — 33 — 33 — 13 — 16 —
Constipation — — 30 — 17 — 20 — 16 —
Vomiting 5 — 14 — 17 — 13 — 25 —
Myalgia — — 12 — — — 27 13 19 6
Dry skin — — 12 — 33 — 13 — 9 —
Pyrexia — — 19 — — — — — 13 —
Pain in extremity — — 14 5 17 — 13 — 6 —
Arthralgia — — 7 — 17 — 7 7 16 6
Mucosal inflammation — — 14 — — — 7 — 9 6
Palmar-plantar erythrodysesthesia syndrome — — 5 — — — 7 — 13 6
Hyperglycemia — — — — — — — — 6 6

Hematologic toxicity
Neutropenia 5 5 28 19 33 17 13 13 22 19
Thrombocytopenia — — 5 2 — — — — 6 3
Leukopenia 5 5 2 2 — — — — — —

NOTE. Data are shown as the percentage of patients experiencing the event. Listed are events that occurred at any severity in � 10% of patients or at grade 3
or higher severity in � 2% of patients.

Abbreviations: MTD, maximum-tolerated dose.
�Schedule 1: once every 3 weeks.
†Schedule 2: once per week for 2 of 3 weeks.
‡Schedule 3: once per week.
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Activity

Five (15%) of the 34 assessable patients in the schedule 1 (once
every 3 weeks) MTD expansion cohort experienced a partial re-
sponse. Additional activity end points and waterfall plots for each
dosing schedule MTD are presented in Table 3 and Figure 2,
respectively. It should be noted that the development of any grade
rash within the first cycle (within 21 days of the first dose) was

associated with a greater ORR and prolonged PFS (Appendix Fig
A1, online only).

Correlative Studies

Pharmacokinetics. Increases in exposure to ADC, TA, and free
MMAE were proportional to dose. The maximum concentration oc-
curred immediately after infusion for the ADC and TA and from 1 to

Table 3. Efficacy Analyses

Schedule 1� MTD
(1.88 mg/kg; n � 43†)

Schedule 2‡ MTD
(1.5 mg/kg; n � 6)

Schedule 3§
MTD (1.0 mg/kg; n � 15)

All MTDs Combined
(N � 64)

Parameter No. % No. % No. % No. %

Best response�
PR 5 of 40 13¶ 2 of 6 33 3 of 12 25 10 of 58 17
SD or better 27 of 40 68 3 of 6 50 7 of 12 58 37 of 58 64

Time to response, months
Median 1.6 1.3, 2.6# 1.2, 1.5, 3.7# 1.6
Range 1.4-2.7 1.2-3.7

Duration of response, months
Median 5.3 3.5, 9.0�# 3.4, 7.3, 9.5# 5.5
Range 2.8-10.6 2.8-10.6

Progression-free survival
Median, months 3.3 3.1 1.5 2.8

95% CI 1.6 to 4.4 0.5 to NE 1.0 to 5.7 1.4 to 4.4
Six-month rate 24 33 20 24

95% CI 20 to 27 21 to 46 16 to 24 21 to 26

Abbreviations: MTD, maximum-tolerated dose; NE, not estimated; PR, partial response; SD, stable disease.
�Schedule 1: once every 3 weeks.
†Includes all patients who received the 1.88 mg/kg dose, including those treated in the dose-escalation and expansion phases. Five (15%) of the 34 assessable

patients in schedule 1 (once every 3 weeks) MTD expansion cohort experienced a PR.
‡Schedule 2: once per week for 2 of 3 weeks.
§Schedule 3: once per week.
�Excludes patients without postbaseline assessment of measurable lesions.
¶Including one response (93% tumor shrinkage) that was not sustained at the subsequent assessment.
#Individual patient data are listed in cases where the sample size was � 5.
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Fig 2. Antitumor responses. The best
response (represented by shrinkage in
RECIST target lesions) is shown for each
patient with postbaseline evaluation of
all target lesions. Blue bars indicate pa-
tients achieving partial response; aster-
isks indicate patients with response or
stable disease for � 6 months. MTD,
maximum-tolerated dose.
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7 days after infusion for MMAE. For the schedule 1 MTD (1.88 mg/kg;
once every 3 weeks), the half-lives of ADC and TA were between
approximately 1 and 2 days, consistent with the MTDs of schedules 2
and 3. No accumulation was observed from cycle 1 to cycle 2 across all
doses and schedules studied. Concentration-time curves and pharma-
cokinetic measures are provided in Figure 3 and Appendix Table A1
(online only).

Immunogenicity. Eleven of 94 patients tested developed an anti-
drug antibody response. However, only one antibody response was
confirmed to be specific to glembatumumab vedotin, and the end of
study sample showed no antibody response, suggesting that this re-
sponse was transient. The development of antibodies did not seem to
affect the pharmacokinetic profiles of TA, ADC, or MMAE.

Soluble and tissue gpNMB expression. For the 38 patients tested
across all dosing groups, the mean baseline soluble gpNMB concen-
tration was 34.8 ng/mL (0.5 nmol/L; range, 10.6 to 164.9 ng/mL [0.14
to 2.2 nmol/L]). In comparison, soluble gpNMB levels in healthy
volunteers range from 0.4 to 44 ng/mL (BioVendor; product insert,
gpNMB ELISA).28,29 The effect of soluble gpNMB on the efficacy of
glembatumumab vedotin is unknown; however, the Cmax of ADC at
the MTD ranged from 125 to 377 nmol/L (mean, 245 nmol/L; Fig 3)
and far exceeded the maximum baseline soluble gpNMB value found
in this trial.

Of the 52 patients with an archival sample available for analysis,
40 (77%) had gpNMB expression in � 5% of tumor cells. For explor-
atory analyses, an H-score of � 100 was retrospectively defined as a
functional cutoff to divide the patients treated at the MTDs with an
available sample (n � 33) into low or high expression groups. A
nonsignificant trend toward prolonged PFS was seen for patients with
tumors expressing higher levels of gpNMB. The median PFS was 3.9
months for the 14 patients with an H-score of � 100 compared with
2.7 months for the 19 patients with an H-score of � 100 (hazard ratio,
0.71;95% CI, 0.3 to 1.5). The ORRs were similar for the 11 response-
evaluable patients with an H-score of � 100 (27%) and the 18
response-evaluable patients with an H-score of � 100 (22%).

DISCUSSION

To our knowledge, this is the first study to evaluate an ADC for
melanoma. Recently, ADCs targeting CD30 and HER2 demonstrated

efficacy in Hodgkin lymphoma/adult T-cell leukemia and breast can-
cer, respectively.30-32 Glembatumumab vedotin is directed against
gpNMB, a melanosome-associated protein expressed by melanocytes
and melanoma cells (including uveal melanomas)33 and associated
with melanoma development in humans. Melanocytes, macrophages,
and DCs also express gpNMB on their cell surfaces, which may par-
ticipate in cell-cell interactions.11,12,34,35 gpNMB contains an extracel-
lular integrin-binding RGD motif and is thought to contribute to DC
adherence to endothelial cells, as well as to melanocyte binding to
keratinocytes.11,34 gpNMB expression may also be associated
with downregulation of immune responses. gpNMB binding to
syndecan-4 on T cells delivers a negative signal that blunts T-cell
responses, including interleukin-2 production and proliferation.36-39

Syndecan-4 is expressed primarily on effector-memory T cells and not
on naive T cells. Thus, preventing the gpNMB–syndecan-4 interaction
may enhance antitumor responses in vitro and in vivo.

Glembatumumab vedotin was generally well tolerated at the
MTD, although significant toxicity was observed at doses above the
MTD. The adverse event profile was similar to that observed with
the MMAE-containing ADC that targets CD30, brentuximab vedotin.
However, rash appears more frequent and severe with glembatu-
mumab vedotin. Severe rash was reported in 30% of the patients
treated at the recommended phase II dose, and one patient treated
with 1.75 mg/kg every 2 of 3 weeks died as a result of TEN. gpNMB
expression in tumors did not correlate with the development of rash,
which may have been caused, in part, by low levels of endogenous
expression of gpNMB in skin melanocytes.

The prespecified threshold for promising activity was met with
an ORR of five of 34 (15%) in the phase II MTD expansion. More
frequent dosing schedules were potentially associated with a modest
improvement in the ORR, but not prolonged PFS, in the small cohorts
of patients treated at the MTDs. Because the DLTs also seemed more
severe for these schedules, additional evaluation was not pursued in
this study. Future trials may seek to optimize dosing.

The emergence of rash and gpNMB tumor expression may be
potential biomarkers for the activity of glembatumumab vedotin. The
emergence of rash during cycle 1 correlated with improved clinical
outcomes (PFS and ORR). In murine xenograft models, gpNMB
expression on melanoma cells is necessary for glembatumumab vedo-
tin activity.10 In those patients whose gpNMB expression levels were
measured, a trend toward prolonged PFS was seen for patients with
tumors expressing higher levels of gpNMB; however, these results did
not reach statistical significance. It should be noted that the immuno-
histochemistry method, which used a monoclonal antibody to a con-
formational epitope that may become compromised during tissue
fixation or antigen retrieval with proteinase K, may have under-
represented gpNMB expression. In comparison, a more robust im-
munohistochemistry assay was implemented in the phase II study in
patients with heavily pretreated metastatic breast cancer, and this
study demonstrated a significant association of tumor gpNMB ex-
pression with improved outcome for glembatumumab vedotin–
treated patients.40

Interestingly, in vitro studies have shown that blockade of the
mitogen-activated protein kinase pathway using RAF, MEK, or ERK
inhibition leads to enhanced gpNMB expression in BRAF- and
NRAS-mutated melanoma cells,41,42 and pretreatment with a MEK
inhibitor sensitizes melanoma cell lines to glembatumumab vedotin.
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These results suggest that MAPK pathway inhibition may be synergis-
tic with glembatumumab vedotin, particularly in tumors with low
baseline gpNMB expression levels. Thus, it seems worthwhile to eval-
uate this combination in patients with advanced cutaneous and uveal
melanomas. An additional combination strategy with immune check-
point inhibitors is also of particular interest, because gpNMB-
expressing cells may negatively regulate immune responses and
because glembatumumab vedotin-induced tumor killing may liberate
tumor antigens that could augment checkpoint inhibitor-mediated
antitumor immune responses, as has been demonstrated with chem-
otherapy and radiation therapy.43,44 However, these combinations
will need to be approached with caution, given the potential for over-
lapping cutaneous and GI toxicities.

In summary, the recommended phase II dose of glembatu-
mumab vedotin identified in this trial (1.88 mg/kg once every 3 weeks)
was generally well tolerated, with a promising ORR. The relationship
between efficacy and tumor gpNMB expression will be prospectively
explored in future trials using a revised, validated assay. Studies are
planned in patients with metastatic melanoma who have experienced
treatment failure with kinase inhibitor- and CTLA-4/PD-1 pathway-
blocking therapies and in combination with these therapies.
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Fig A1. Skin rash correlates with prolonged progression-free survival and greater overall response rate (ORR). The Kaplan-Meier plot includes all pooled data from
patients treated at the maximum-tolerated dose (MTD) level for each dosing schedule: 1.88 mg/kg once every 3 weeks (n � 43), 1.5 mg/kg once per week for 2 of
3 weeks (n � 6), and 1.0 mg/kg once per week (n � 15). (*) Excludes patients without postbaseline assessment of measurable lesions. (†) Includes one response (93%
tumor shrinkage) that was not sustained at the subsequent assessment. (‡) Three of these patients developed rash in subsequent cycles. HR, hazard ratio.
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