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13.1  Introduction

Breast cancer is the most common malignancy in women worldwide and despite 
advances in screening, diagnosis, and treatment, it remains one of the most signifi-
cant causes of cancer-related deaths in women (Bray et al. 2013). Of the different 
subtypes of breast cancers, triple-negative breast cancer (TNBC) poses a special 
challenge due to its aggressive clinical course, predilection for metastases, and the 
lack of targeted therapy (Shuen and Foulkes 2012). Molecularly targeted therapies 
are becoming increasingly prominent as part of the armamentarium of treatments 
for breast cancer (Muller et al. 2009). Glycoprotein nonmetastatic B (GPNMB) 
was identified as an overexpressed gene in many malignancies, including TNBC, 
and is associated with lower disease-free and overall survival. The antibody-drug 
conjugate (ADC) glembatumumab vedotin (CDX-011) appears to selectively target 
GPNMB, and is being investigated in clinical trials for efficacy in patients with met-
astatic breast cancer and other GPNMB-expressing tumors. This chapter reviews 
the mechanisms of action, preclinical, and phase I/II results of glembatumumab 
vedotin, and ongoing studies of its role in the treatment of advanced breast cancer.

13.2  GPNMB as a Therapeutic Target

Glycoprotein non-metastatic melanoma protein B is a type I transmembrane pro-
tein, which is also known as osteoactivin (OA) (Saitoh et al. 1992). It was first de-
scribed in 1995 by Weterman et al., as a highly expressed protein in melanoma cell 
line with low metastatic potential (Weterman et al. 1995). Subsequently, GPNMB 
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was discovered to have high expression in a number of malignancies including 
glioblastoma multiforme (Kuan et al. 2006), cancers of the breast (Rose et al. 2007), 
prostate (Fiorentini et al. 2014), liver (Haralanova-Ilieva et al. 2005), and colon 
(Eldai et al. 2013). GPNMB has a complex role in tumor biology. Despite its origi-
nally perceived low invasive phenotype, it is associated with increased metastatic 
tendencies in malignancies such as breast cancer.7

The GPNMB is located on the small arm of chromosome 7 (7q15), and belongs 
to the Pmel17/NMB family. Pmel17 is the major structural component of melano-
somes, and is essential in melanocyte pigment production (Yamaguchi and Hearing 
2009). Also important is that GPNMB shares homology to the lysosomal-associated 
membrane protein (LAMP) glycoproteins that are implicated in cell adhesion and 
metastasis (Saitoh et al. 1992).

Under normal conditions, GPNMB is situated in intracellular compartments in 
macrophages and melanocytes (Tomihari et al. 2009; Ripoll et al. 2007). In tumor 
cells, however, GPNMB expression is enriched on the cell surface (Fig. 13.1; Maric 
et al. 2013).

Rose et al. found that when GPNMB is overexpressed in parental 4T1 mouse 
mammary carcinoma cells, they acquire a more invasive phenotype, leading to in-
creased bone metastasis (Rose et al. 2007). A high level of expression correlated 
with negative estrogen receptor status and higher tumor grade. Moreover, tumors 
that express GPNMB have high endothelial cell density compared to those with-
out its expression, suggesting GPNMB recruit endothelial cells to promote tumor 
growth and enhance the metastatic process. The quantification of apoptotic cells 
revealed fewer cells in GPNMB-expressing tumors was undergoing apoptosis as-
sessed by terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL), 
which further elucidates its functional role in tumor progression (Rose et al. 2010a).

The interaction between the tumor and the microenvironment is emerging as an 
important component in metastasis, and GPNMB has also been implicated in this 
relationship. Ogawa et al. found that GPNMB can activate fibroblasts by inducing 
upregulation of pro-invasive metalloproteases such as matrix metalloproteinase-3 
(MMP-3) and myelofibrosis with myeloid metaplasia (MMM-9) in mouse models 
(Ogawa et al. 2005).

Fig� 13�1  Schematic representation of glycoprotein nonmetastatic B (GPNMB).  hemITAM 
immunoreceptor tyrosine-based activation motif, Leu leucine, PKD polycystic kidney disease, 
RGD arginine—glycine—aspartic acid
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13�3  Glembatumumab Vedotin

GPNMB has the ideal components required for targeted therapy. The selectively 
extracellular domain in tumor cells (not normal cells) enables the availability to 
antibody targets. Glembatumumab vedotin (or CDX-011, CR011-vcMMAE) is a 
fully humanized monoclonal ADC. The first component of the ADC is the tubulin 
destabilizing cytotoxin monomethylauristatin E (MMAE). It was originally derived 
from peptides found in the marine shell-less mollusk Dolabella auricularia known 
as dolastatins (Bai et al. 1990). This antimitotic agent has potency of up to 200 times 
compared to that of vinblastine and it was found to block the growth of GPNMB-
expressing melanoma cells with half-maximal inhibitory concentration (IC50) of 
216–300 ng/mL (Vaklavas and Forero 2014). Therefore, the toxicity profile pre-
vents its antineoplastic usage alone, but the high potency proves to be advantageous 
when MMAE is linked to an antibody, at which point it is referred to as vedotin. 
Vedotin is also the cytotoxic agent used with brentuximab targeting CD30 in Hodg-
kin’s lymphoma and anaplastic large-cell lymphoma (Francisco et al. 2003).

Vedotin is conjugated through a cathepsin B-sensitive valine–citrulline linker to 
the antibody glembatumumab, which is directed against the extracellular domain 
of GPNMB (Fig. 13.2). On average, four or five MMAE molecules are bound to 
a single antibody (Vaklavas and Forero 2014). The ADC is highly stable in serum, 
and is released and internalized upon binding to GPNMB. After endocytosis, the 
synthetic dolastin analogue MMAE is released through enzymatic cleavage into the 
tumor cell cytoplasm where it binds to tubulin and inhibits tubulin polymerization. 
This result in G2/M phase arrest and apoptosis of the tumor cells (Tse et al. 2006).1

1 http://www.cancer.gov/drugdictionary/?CdrID=599456.

Fig� 13�2  Structure of glembatumumab vedotin. MMAE, monomethylauristatin E, PABA p-ami-
nobenzoic acid spacer. (Vaklavas and Forero 2014)

 

http://www.cancer.gov/drugdictionary/?CdrID=599456
http://www.cancer.gov/drugdictionary/?CdrID<2009>=<2009>599456
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13�4  Preclinical Models

Glembatumumab vedotin was first demonstrated to be efficacious in metastatic 
melanoma cells in culture and in xenograft assays. Pollack et al. used the human 
SK-MEL-2 and SK-MEL-5 melanoma xenografts in athymic mice to assess the an-
titumor efficacy of glembatumumab vedotin (Pollack et al. 2007). They found that 
it induced complete tumor regression in 100 % of GPNMB-expressing xenografted 
melanoma cells. This was achieved at concentrations as low as 2.5 mg/kg, admin-
istered intravenously every 4 days for four treatments. Interestingly, tumors did not 
regrow during the nontreatment observation period of 200 days. In the breast cancer 
cell line MDA-MB-468, a single dose of 20 mg/kg glembatumumab vedotin was 
able to induce sustained tumor regression in vivo (Rose et al. 2010a).

13�5  GPNMB and Triple-Negative Breast Cancer

Rose et al. first investigated GPNMB as a potential therapeutic target in breast cancer 
by analyzing its expression in several breast cancer gene expression data sets and in 
primary human breast tumors. They found that GPNMB may serve as an important 
target, especially for TNBC patients whose clinical courses tend to be more aggres-
sive with increased potential for metastasis. Since TNBC patients have limited thera-
peutic options, there is a tremendous need for the identification and development of 
precision therapy for these patients. In the Rose et al. study, the investigators first 
showed that GPNMB messenger RNA (mRNA) expression in 295 human breast 
tumors is associated with reduced metastasis-free and overall survival. This was ac-
complished through comparing GPNMB mRNA levels with clinical outcomes in 
three published data sets. GPNMB protein expression in tumor epithelium was also 
found to have significantly inferior outcome in human breast cancer evaluated by 
immunohistochemical (IHC) staining for GPNMB using breast tissue microarray 
data. Intriguingly, GPNMB expression correlated with recurrence within the TNBC 
patients. An independent cohort of breast cancer tissue microarrays enriched for 
TNBC samples showed that 29 % of triple negative tumors are GPNMB-epithelial 
positive, compared with only 3.6 % in luminal and 11.6 % in HER2 tumors. The 
multivariate Cox regression survival analysis revealed that GPNMB was an indepen-
dent prognostic indicator of distant metastasis in TN tumors ( p = 0.0024). Therefore, 
GPNMB-epithelial expression is more common in TNBC, and within this subtype, 
its expression is associated with an increased risk of recurrence (Rose et al. 2010).

13�6  Clinical Trials of Glembatumumab Vedotin

Glembatumumab vedotin was first investigated in two multicenter phase I/II clini-
cal trials for patients with unresectable melanoma and advanced stage or metastat-
ic breast cancer (Hamid et al. 2010; Saleh et al. 2010; Burris et al. 2009). In the 
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melanoma study, tumor shrinkage was achieved in up to 56 % of patients when 
glembatumumab vedotin was given intravenously at 1.88 mg/kg in the phase II 
maximum tolerated dose (MTD) expansion at dose frequencies ranging from 
weekly to q3 weeks. The median progression-free survival (PFS) was highest at 3.9 
months in patients treated at the q3 week dose. Importantly, the subset of patients 
with strong GPNMB expression, defined as 3 + by IHC with 90 % staining, had 
higher tumor shrinkage at 86 % and longer median PFS of 4.9 months. Of note, 
57 % of all patients developed varying degrees of skin rash, which also correlated 
with greater median PFS of 4.8 versus 1.2 months in those without rash. This may 
be related to the presence of GPNMB in skin, and act as a predictor of drug efficacy 
(Hamid et al. 2010).

Similarly, glembatumumab vedotin was used in heavily pretreated advanced 
breast cancer patients in phase I standard dose escalation followed by a phase II 
expansion at the MTD to assess a 12-week PFS. Eligible patients for this study had 
at least two prior chemotherapy regimens that included taxanes, anthracycline, and 
capecitabine. A total of 42 patients were enrolled, and 71 % of the tumor specimens 
were positive for GPNMB defined as > 5 % of malignant epithelial or stromal cells 
with GPNMB expression. IHC with goat polyclonal antibody to GPNMB was per-
formed on 25 % of the patient biopsies that were available for the evaluation (done 
as a post hoc analysis). This study demonstrated median PFS of 9.1 weeks in all pa-
tients enrolled. In GPNMB-expressing patients at the MTD/phase II dose, PFS was 
doubled at 18.3 weeks. The objective response rate was also the highest amongst 
this subgroup at 29 % (Burris et al. 2009). This suggestion that efficacy might be 
enhanced in tumors with higher GPNMB expression led to the design of future stud-
ies of glembatumumab vedotin in tumors that had expression of the target.

13.6.1  Toxicity Profile

Glembatumumab vedotin was generally well tolerated in the phase I/II study in ad-
vanced breast cancer patients. The most common adverse reactions (AEs) were rash 
(61 %), fatigue (50 %), and alopecia (50 %). The most common grade 3 or 4 AEs are 
neutropenia (17 %) and neuropathy (11 %). Patients with baseline neuropathy worse 
than grade 1 were excluded after first two patients at 1.34 mg/kg dose experienced 
worsening of neuropathy (Burris et al. 2009).

13.6.2  Clinical Trials on the Horizon

The phase I/II studies demonstrated both efficacy and manageable safety profile 
of glembatumumab vedotin. The encouraging results led to the initiation of the 
electronic medical records and genomics (EMERGE) study, a phase II, open-label, 
randomized study designed to evaluate the anticancer activity of glembatumumab 
vedotin in advanced GPNMB-expressing breast cancer. Patients were stratified by 
GPNMB expression pattern (any tumor, low stromal, or high stromal) and were 
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randomized in 2:1 fashion to glembatumumab vedotin (1.88 mg/kg IV every 3 
weeks) or investigator’s choice (IC) single-agent chemotherapy. Patients were 
treated until progression of disease (PD) or intolerance to therapy. In this study, 
patients on the IC arm were allowed to crossover at PD. The primary endpoint is 
overall response rate (ORR) and secondary endpoints are PFS, toxicity profile, and 
pharmacokinetics. Preliminary analysis of the study was presented at San Antonio 
breast symposium in 2012, and the results were promising in the enhanced activity 
in TNBC and high GPNMB-expressing breast cancer tumors. The study has been 
completed and the final results are expected to be published at the end of 2014 
(Yardley et al. 2012).

In order to understand the activity of the drug in TNBC patients, the randomized 
phase II METRIC study has also been initiated to assess the efficacy in women with 
metastatic GPNNB-overexpressing TNBC. Patients with GPNMB-overexpressing 
TNBC (expression > 25 %) will be randomized to receive glembatumumab vedotin 
or capecitabine in a 2:1 ratio. The primary endpoints are ORR and PFS. This study 
is currently enrolling patients from multiple centers.2

Studies of glembatumumab vedotin in other GPNMB positive cancers such as 
osteosarcoma, squamous lung cancer, and melanomas are also under consideration 
(Table 13.1).

2 Clinicaltrials.gov. Study of glembatumumab vedotin (CDX-011) in patients with metastatic, 
gpNMB overexpressing, triple-negative breast cancer (METRIC); 2014. http://clinicaltrials.gov/
ct2/show/NCT01997333.

Table 13�1  Clinical trials of glembatumumab vedotin
Trial Primary endpoints Randomization No. of patients
Phase I/II in advanced 
melanoma

ORR = 15–33 % No 117

Phase I/II in advanced 
breast cancer

12-week PFS = 33–100 % † in 
GPNMB-expressing patients

No 42

EMERGE study: Phase 
II in advanced breast 
cancer

ORR
(trial completed, results 
pending)

Yesa 124

METRIC study:
Phase II in metastatic 
GPNMB-expressing 
TNBC

ORR and PFS (currently 
enrolling)

Yesb 300

ORR overall response rate, PFS progression-free survival
a Randomization of glembatumumab vedotin versus investigator’s choice chemotherapy
b Randomization to receive glembatumumab vedotin or capecitabine
†  = in GPNMB-expressing patients

http://clinicaltrials.gov/ct2/show/NCT01997333.
http://clinicaltrials.gov/ct2/show/NCT01997333.
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13�7  Conclusion

GPNMB is a relevant target in breast cancer, and the ADC glembatumumab vedotin 
has been demonstrated in clinical trials to be efficacious in patients with advanced 
and metastatic disease. Triple-negative breast cancers may have higher GPNMB 
expression, which provides the rare opportunity of targeted therapy for this subtype. 
Further confirmatory clinical trials are underway and we eagerly await the results of 
the randomized phase II EMERGE and METRIC trials. Glembatumumab vedotin 
will continue to be explored in other GPNMB-expressing malignancies.
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