
Recettori	per	i	fattori	di	crescita	
•  Categoria	eterogenea	di	recettori	coinvolti	in	molti	processi	

cellulari:	
–  Proliferazione	
–  Differenziamento	
–  Sopravvivenza…	

•  Caratterizzati	da	attività	tirosin-chinasica	
•  Sono	recettori	per:	

–  Ormoni	
–  Fattori	di	crescita:	

•  EGF	
•  PDGF	
•  NGF	
•  FGF	
•  VEGF…	

–  Efrine		



Recettori	per	i	fattori	di	crescita	



Dimerizzazione		

•  Omodimeri	
•  Eterodimeri	è	famiglia	ErbB1-4	
•  Stechiometria	1:2	è	EPOR:2	EPO	
•  Recettore	per	insulina	è	dimero	che	
tetramerizza	

•  FGF:FGFR	+	molecole	accessorie	



RTKs 
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•  I	traduttori	intracitoplasmatici	si	legano	per	
mezzo	di	specifici	domini	contenuti	all’interno	
della	loro	sequenza:	

•  SH2	(Src	Homology	region	2)	
–  Proteine	che	possiedono	attività	enzimatica	propria:	

•  PLC-γ	
•  pp60src	
•  SHP1	e	SHP2	
•  GAP	
•  STAT	

–  Proteine	che	regolano	altre	molecole	che	hanno	
attività	enzimatica:	
•  Grb2	
•  Shc	
•  PI3K	

•  PTB	(Phospho-Tyrosine	Binding)	



Attivazione	delle	proteine	che	sono	
substrati	dei	recettori	tirosin-chinasici	
•  Mediante	traslocazione	in	membrana:	
– PDGF	che	attiva	PI3K	è	PKB	è	mTOR	o	Bad	

•  Mediante	alterazioni	conformazionali:	
– PDGF	che	attiva	c-Src	

•  Mediante	fosforilazione	di	residui	di	tirosina:	
– EGF,	PDGF,	FGF	&	PLC-γ		





La	via	di	Ras	



MEK	inhibitors	

•  Trametinib	
•  Dabrafenib	
•  Cobimetinib	
•  Vemurafenib	

•  Melanoma	BRAF	mutato	





Interesse	farmacologico	

•  Patologie	neoplastiche:	l’inibizione	di	questi	
recettori	può	contrastare	la	crescita	
incontrollata	

•  Patologie	neurodegenerative:	il	
potenziamento	del	segnale	differenziativo	può	
compensare	la	perdita	funzionale	
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ERBB2/HER2/neu & Trastuzumab (Herceptin™) 
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ERBB2/HER2/neu & Trastuzumab (Herceptin™) 

HER2:  
Ø  Sovraespresso  in ¼ delle pazienti con carcinoma 
mammario 
Ø  I livelli di HER2 correlano con la patogenesi e la prognosi 
della malattia 
Ø  Il livello di HER2 nelle cellule neoplastiche è molto + alto 
che nelle cellule dei tessuti normali 
Ø  È  presente in un’elevata percentuale di cellule tumorali 
Ø  L’iperespressione si trova sia sul tumore primario che 
nelle metastasi 
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ERBB2/HER2/neu & Trastuzumab (Herceptin™) 

HerceptinTM  
Ø Anticorpo umanizzato 
Ø  Blocca il sito di legame del recettore 
Ø  Attivo da solo ed in combinazione: 

Ø  15% di risposte in pazienti pre-trattate 
Ø  23% risposte come trattamento di prima linea, con 
6% di risposte complete 
Ø  in combinazione con i taxani 42% di risposta con 
durata di 10,5 mesi vs 15% e 4,5 mesi dei taxani da soli 
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Recettori	della	famiglia	EGFR		





Patologie	neurodegenerative	

•  Osservazioni	in	vitro	e	in	vivo	in	modelli	
sperimentali:	
– Parkinson	
– SLA…	

•  Neurotrofine	in	studio:	
– NGF	
– BDNF	
– FGF	
– GDNF…	



Recettori	per	l’adesione	cellulare	

•  Ligando	e	recettore	su	due	cellule	diverse	
•  Meccanismo	di	comunicazione	intercellulare	
•  Adesione:	
– Cellula-cellula	(omofilica	o	eterofilica)	
– Cellula-substrato	(eterofilica)	

•  Cell	Adhesion	Molecules	(CAMs):	
– Proliferazione	
– Differenziamento	
– Motilità	
– Morfologia	cellulare	



Recettori	per	l’adesione	cellulare	

•  Sono	classificati	in	superfamiglie:	
•  IgCAMs:	regioni	simili	a	domini	presenti	nelle	
immunoglobuline	

•  Integrine:	eterodimeri	formati	da	subunità	α	e	
β	legate	in	maniera	non	covalente	

•  Caderine:	stabiliscono	interazioni	
cellula-cellula	tramite	legami	omofilici	





CAMs	come	bersagli	farmacologici	

•  Abciximab:	anticorpo	monoclonale	diretto	
verso	GPIIb/IIIa	delle	piastrine	

•  Tirofiban:	peptidomimetico	antagonista	del	
recettore	GPIIb/IIIa	

•  Eptifibatide:	peptide	inibitore	di	GPIIb/IIIa	

•  Natalizumab:	anticorpo	monoclonale	che	
previene	il	legame	tra	α4β1	e	VCAM	



Recettori	per	le	citochine	

•  Recettori	ematopoietinici	di	classe	I:	recettori	per	
IL-3,	IL-5,	GM-CSF…	

•  Recettori	ematopoietinici	di	classe	II:	trasducono	
il	segnale	attraverso	la	via	Jak/STAT	

•  Fenomeno	dei	“decoy	receptors”	

•  Anakinra:	peptide	ricombinante	antagonista	del	
recettore	per	IL-1	

•  Basiliximab:	anticorpo	diretto	contro	il	recettore	
per	IL-2	
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Integrins are a large family of molecules that are central
regulators in multicellular biology. They orchestrate
cell–cell and cell–extracellular matrix (ECM) adhesive
interactions from embryonic development to mature
tissue function. Diverse human pathologies involve
integrin adhesion, including thrombotic diseases, in-
flammation, cancer, fibrosis and infectious diseases.
Integrins are exciting pharmacological  targets because
they are exposed on the cell surface and are sensitive to
pharmacological blockade, but the scale of current
efforts involving integrin therapeutics continues to
surprise. Several therapeutics targeting integrins are
effective drugs: five have been approved for use in
clinic, with combined sales of over $1.5 billion in
2010 (based on company reports from that year). We
gathered information from three major drug-trial data-
bases and found that !260 anti-integrin drugs have
entered clinical trials. Here we overview integrins as
drug targets and focus on cancer.

Integrins: an overview
Integrins are heterodimeric cell-surface proteins. Each
integrin has multiple activation states, many have splicing
variants, and their expression, glycosylation and activity
vary with cellular context [1]. Many different heterodimers
can be expressed on a single cell, and each can interact with
multiple intracellular signaling cascades. Depending on
the cellular microenvironment, the biological effect of li-
gating or activating an integrin can vary dramatically
[1,2]. The regulation of integrin activity is complex. They
are primed by extracellular stimuli that initiate intracel-
lular signals which convert (‘inside-out’) the extracellular
domains to a high-affinity state [3]. Integrins have no
intrinsic enzymatic activity but, following binding to ex-
tracellular ligands, they become activated, can cluster on
the cell surface, and undergo conformational changes
which propagate across the membrane (‘outside-in’) to
activate cytoplasmic kinase- and cytoskeletal-signaling
cascades. These in turn control cell attachment, move-
ment, growth and differentiation, and survival [1,2]. In
addition, integrins interact with growth factors and their
receptors. Signaling by pathologically relevant receptor
tyrosine kinases, including vascular endothelial growth
factor receptor 2 (VEGFR2), epidermal growth factor re-
ceptor (EGFR) and platelet-derived growth factor receptor
(PDGFR), is modulated by integrins [4,5]. Integrin ligation
protects cells from experimental stresses, such as irradia-
tion, and their blockade can enhance the cytotoxic efficacy
of radiation- and chemotherapeutics [6,7]. Integrins bind to

microorganisms and can regulate the turnover of other
cell-surface receptors [1,8,9].

However, the crucial pharmacological issue is: in pre-
cisely which pathological micro-environment will a partic-
ular integrin play the dominant role, and thus be a target?
In most disease indications, and for most integrins, this
question is only partially answered, and in practice can
only be answered in controlled clinical trials.

The 24 known integrin heterodimers can be classified
as arginine–glycine–aspartate (RGD)-binding, the a4
family, leukocyte adhesion integrins, laminin-binding,
and I-domain collagen-binding; this classification also
clusters the most frequently targeted indications (Table
1). Integrins mediate protein–protein interactions via
relatively small amino acid sequences, which aids drug
design. Classically, the RGD sequence [10] is recognized
by eight integrins, the four collagen-binding integrins
recognize triple helical GFOGER sequences, and a4 integ-
rins recognize LDV (Table 1) [1,9]. The atomic basis of
ligand recognition of some collagen and RGD-binding
integrins is known [11], and preclinically potent and spe-
cific inhibitors have been developed [12,13]. Not surpris-
ingly, many (!120) companies have attempted to develop
drugs to modify integrin function.

Clinical trials overview
The integrins which are actively targeted and the stage of
trials last reported (cut-off January 2012) are shown in
Figure 1. We focus on the majority of drugs that target
integrins directly, not indirectly (e.g., via their expression
or the intracellular signaling pathways they control).
Figure 1 summarizes the status of trials reported to be
active (72 trials), or discontinued (46 trials); 140 are
in limbo, with ‘no development’ reported (i.e., for up to
15 years). Many targeting approaches have been attempted,
ranging from classical small molecules, peptides and engi-
neered antibodies, to antagonists derived from snake
venoms. To date, most efforts have focused on four integrins
– gpIIbIIIa, a4b1, avb3 and LFA-1 – and have produced five
registered drugs, targeting gpIIbIIIa (abciximab, tirofiban,
intrifiban), LFA-1 (efalizumab, subsequently withdrawn;
discussed below), and a4b1 (natalizumab). Drugs that have
reached late-stage trial and their last reported status are
summarized in Table 2.

Integrins as targets
Parenteral therapies using antibody and other protein-
based therapies that cannot cross the cell membrane are
possible or even desirable with integrins because the
ligand-binding sites are exposed on the cell surface,
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whereas the effector sites are shielded within the cell [14].
Integrins have been targeted by ligand-mimetic antago-
nists and by allosteric inhibition of their ligand-binding
sites [12,13]. Although many ‘natural’ integrin inhibitors
from snake and other venoms (e.g., echistatin) seemed
potential therapeutics, they are immunogenic, and none
have progressed beyond early clinical development. The
preclinical development of effective and specific small-mol-
ecule inhibitors has been possible largely due to knowledge
of integrin recognition sites in the ECM. The usual phar-
macological issues of bioavailability, specificity and off-
target effects are joined by the integrin-specific issues of
extreme functional complexity, mentioned in the introduc-
tion, and for this reason it can often be hard to pinpoint
their exact function in disease biology. By contrast, the
complexity of the integrins presents a chance for a
single inhibitor to modulate a given disease in multiple
beneficial ways.

a4-Family integrins
When activated, a4-family integrins mediate cell–cell
adhesions crucial to immune function [15]. a4b1 mediates
late stages of leukocyte diapedesis (movement out of the
circulatory system) whereas a4b7  controls T-cell homing.
a4b1 binds to fibronectin splice variants at the CS-1 do-
main, and to vascular cell adhesion protein 1 (VCAM-1)
which is expressed on activated endothelia near sites of
inflammation, whereas a4b7  binds to mucosal vascular
addressin cell adhesion molecule 1 (MAd-CAM) to capture

Table 1. Integrin subfamilies cluster major therapeutic indications (after Hynes [1], Barczyk [9], and Cox [13])

Integrin class Clinically targeted in? Main ligandsa

a4 Family

a4b1 MS, autoimmune, Crohn’s, IBD VCAM-1, FN

a4b7 MS, autoimmune, arthritis MAd-CAM-1

a9b1 Cancer VCAM-1, Opn, VEGF-C,-D

Leukocyte cell adhesion

aLb2 Inflammation, psoriasis, stroke, ischemia, fibrosis ICAM-1,-2,-3

a;b2 Inflammation, autoimmune iC3b, Fbg

aXb2 Inflammation iC3b, Fbg

aDb2 Inflammation ICAM-3, VCAM-1

aEb7 Inflammation E-cadherin

RGD-binding

gpIIbIIIa Thrombosis, stroke, myocardial ischemia Fbg, vWf

a5b1 Cancer, AMD FN

a8b1 None Npn, FN, VN

anb1 Cancer VN, FN

anb3 Cancer, osteoporosis VN, Opn, vWf, FN, Fbgb

anb5 Cancer VN

anb6 Fibrosis, transplant rejection, cancer FN, TGF-b1,-3

anb8 Cancer FN, TGF-b1,-3

I domain: collagen binding

a1b1 Fibrosis, cancer Col

a2b1, Fibrosis, cancer Col

a10b1, a11b1 None Col

LN binding

a3b1 None LN-5

a6b1,a7b1 None LN-1, -2

a6b4 None LN-2, -4, -5
aAbbreviations: Col, collagens; Fbg, fibrinogen; FN, Fibronectin; LN, laminin; Npn, nephronectin; Opn, osteopontin; VN, vitronectin; vWF, von Willebrand factor.
bAmong many other ligands.
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Figure 1. The current distribution of integrins as therapeutic targets and the stages
of related clinical trials. If targeting affects all a chains (‘ax’) or all b chains (‘bx’) the
trial is classified accordingly (e.g., intetumumab affects all av integrins
independently of associated b chains – and is classed under avbx). Trials
discontinued (light blue); at Phase I (dark blue); at Phase II (pale orange); at
Phase III (mid orange); or approved drugs (brown). Symbols: small molecules and
peptides (circles yellow); antibodies (triangles); biologicals (cubes). Symbols with
black centers represent discontinued trials.
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antigen-presenting cells in post-capillary venules of pe-
ripheral lymphoid tissue [1,16]. a4  integrins have been
extensively targeted by drugs selective for one or both
receptors (Table 2). a9b1 is being pre-clinically investigat-
ed as a target affecting metastasis. The b7 integrins are
being targeted in Phase II trial for therapy of ulcerative
colitis (UC) (Mab Etrolizumab [17]).

The inappropriate activation of leukocytes in tissues by
cytokines drives many autoimmune diseases, including
multiple sclerosis (MS), Crohn’s disease, and inflammatory
bowel disease (IBD) [16]. A series of inhibitors have been
developed to prevent these cytokine-driven processes, and

the migration and arrest of T cells in peripheral lymphoid
tissues [12,13]. The engineered pan-a4  antibody natalizu-
mab has been approved for recurrent MS, and it has proved
to be a breakthrough for relapsed MS patients by reducing
the frequency of relapse, a unique therapeutic result [18].
This achievement was overshadowed by its temporary
withdrawal following the occurrence (at >1:1000 patients)
of an exceedingly rare virus-induced neurodegenerative
process, progressive multifocal leukoencephalopathy
(PML) [19]. However, after reassessment in 2010, the
European Medicines Agency (EMA) concluded that the
benefits outweighed the risks for patients treated with

Table 2. Integrin inhibitors in late-stage (Phase III or Phase II) clinical studiesa

Clinical phase Indicationb Target Drug Synonyms Drug class Status Refs.

Approved MS a4bxc Natalizumab Tysabri, Antegren, AN-100226,
BG-00002

Hu-mAb L [18]

Thrombosis gpIIbIIIa Abciximab ReoPro, Clotinab, CentoRx Chi-mAb-Fab L [23,61]

Thrombosis gpIIbIIIa Tirofiban L-700462, MK-383, Aggrastat SM L [25]

Thrombosis gpIIbIIIa Intrifiban Eptifibatide, SB-1, Sch-60936,
Integrelin

cPep L [62]

Phase III IBD, UC, Crohn’s a4bx AJM-300 oSM A [63]

UC, Crohn’s a4b7 Vedolizumab MLN-02, LDP-02 Chi-mAb A [64]

Dry eye, conjunctivitis aLb2 SAR-1118 SM A [22]

Immunosuppression aLb2 Odulimomab Chi-mAb ndr

Stroke, ischemia aLb2 Rovelizumab 23F2G, LeukArrest Chi-mAb ndr

Thrombosis gpIIbIIIa Alnidofibatide RPR-109891, Klerval Pep-der A [65]

Thrombosis gpIIbIIIa Orbofiban SC-57099B, CS-511 SM A [66]

Diagnostics gpIIbIIIa DMP-444 (Tc99m) RP-444 Diag ndr

Thrombosis gpIIbIIIa Lefradafiban BIBU-104 SM ndr

Cancer avb3, avb5 Cilengitide EMD 121974, EMD 85189,
NSC-707544

cPep A [44]

Phase II Arthritis a4b1 MDL-819767 HMR-1031 SM A [67]

Crohn’s a4bx TRK-170 oSM A [68]

IBD, MS, RA, asthma,
Crohn’s

a4bx firategrast SB-683699, T-0047 oSM A [69]

Arthritis, asthma a4bx RO-27-0608 Valategrast, R411 SM A [70]

Ulcerative colitis a4b7, aEb7 Etrolizumab Pro-145223, RG-7413 hu-Mab A [17]

Asthma, rhinitis a4b1 RBx-7796 RBx-4638, clafrinast SM ndr

HIV infection aLb2 Cytolin hu-mAb A [71]

IS, psoriasis aLb2 BMS-587101 oSM ndr

Thrombosis gpIIbIIIa MK-0852 L-367073 cPep A [72]

AP, stroke, thrombosis gpIIbIIIa Cromafiban CT-50352 SM ndr

Restenosis, thrombosis gpIIbIIIa FK-633 FR-144633 SM ndr

Thrombosis gpIIbIIIa Elarofiban RWJ-53308 SM ndr

Thrombosis gpIIbIIIa SR-121787 SM ndr

Cancer, Crohn’s a5b1 ATN-161 Pep A [50]

Cancer, AMD a5b1 Volociximab M-200, EOS-200-4 mAb A [39]

Arthritis, cancer,
osteoporosis,
psoriasis, restenosis, RA

avb3 Etaracizumab MED-522, hLM609,
Vitaxin-2, Abegrin

mAb A [32]

Cancer avbx Intetumumab CNTO-95 mAb A [52]

Cancer: diagnostics avb3, avb5 Fluciclatide (18F) GE-135, [18F]-AH-111585 Diag A [58]

Cancer: diagnostics avb3 99mTc-Maraciclatide NC100692 Diag A [57]

Kidney TR, PF avb6 STX-100 3G9 hu-mAb A [42]

Cancer avbx EMD-525797 DI17E6 hu-mAb A [51]

Osteoporosis avb3 MRL-123 SM ndr

AMD, diabetic retinopathy avbx, a5b1 AGR-1001 cPep A [73]
aCitations are provided for all projects reported currently active in clinic.
bAbbreviations: A, trials active; AP, angina pectoris; cPep, cyclic peptide; Chi-mAb-Fab, chimeric monoclonal antibody, Fab’ fragment; Diag, diagnostic reagent; HIV, human
immunodeficiency virus; Hu-mAb, humanized monoclonal antibody; IS, ischemic stroke; L, launched/drug approved for clinical use; mAb, monoclonal antibody; ndr, no
development reported, drug not discontinued, but trials not apparently active; oSM, orally available small molecule; Pep-der, peptide derivative; PF, pulmonary fibrosis; RA,
rheumatoid arthritis; SM, small molecule; TR, transplant rejection.
cbx indicates that all associated b chains are targeted.
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Abstract: Integrins are transmembrane receptors that are central to the biology of many human
pathologies. Classically mediating cell-extracellular matrix and cell-cell interaction, and with
an emerging role as local activators of TGF�, they influence cancer, fibrosis, thrombosis and
inflammation. Their ligand binding and some regulatory sites are extracellular and sensitive to
pharmacological intervention, as proven by the clinical success of seven drugs targeting them.
The six drugs on the market in 2016 generated revenues of some US$3.5 billion, mainly from inhibitors
of ↵4-series integrins. In this review we examine the current developments in integrin therapeutics,
especially in cancer, and comment on the health economic implications of these developments.

Keywords: integrin; therapy; clinical trial; efficacy; health care economics

1. Introduction

Integrins are heterodimeric cell-surface adhesion molecules found on all nucleated cells.
They integrate processes in the intracellular compartment with the extracellular environment.
The 18 ↵- and 8 �-subunits form 24 different heterodimers each having functional and tissue specificity
(reviewed in [1,2]). Most have multiple activation states, heterogeneous glycosylation and many have
multiple splice variants, whose biological relevance is often unknown [2–5]. Integrins bind their
ligands (extracellular matrix proteins or membrane-associated proteins on other cells) often through
recognition of short amino-acid sequences—arginine-glycine-aspartic acid (RGD)—is a frequent
recognition motif [6,7]. They are bi-directional signaling molecules. On one hand, they transduce
information (“outside-in”) from the extracellular environment to modulate cell responses, including
adhesion, spreading, migration, growth signaling, survival signaling, secretion of proteases and
invasion [1,8,9]. On the other, their active state is modulated from the cytoplasm (“inside-out”)
dependent on intracellular biochemistry [10,11]. Evidence is emerging that integrins specifically
incorporated into both intracellular and extracellular vesicles are also involved in signaling [5,12].

Thus, since their discovery the possibility that integrins might promote pathogenic processes,
including cancer, marked them as potential therapeutic targets. Meanwhile, their molecular structure,
with crucial ligand binding and regulatory sites exposed to parenteral small and macromolecular drugs
made them accessible drug candidates. As we shall see, these hopes have been realized with efficacious
therapeutics targeting integrins. But also, regrettably, with very many less successful clinical trials.

In this review we provide an update on the progress of integrin-specific drugs in late-stage clinical
trial. Two targeting concepts form the basis for integrin therapies: inhibition of integrin function; and
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in Figure 1. We will not consider the pharmacological strategies used, which have been detailed
elsewhere (e.g., [62,63]), and we include only compounds that target integrins directly, rather than
their ligands (e.g., excluding anti-fibronectin ED-B domain), or their downstream signaling pathways
(e.g., anti-focal adhesion kinase). Similarly, we have omitted drugs whose integrin specificity emerges
within a wide activity profile (e.g., AS-101 [64]). We have focused on late stage trials and on drugs that
have reached the market.

Cancers 2017, 9, 110 4 of 27 

 

2. Integrins Targeted in Clinical Trials 

Nineteen of the 24 integrin heterodimers, alone or as multi-chain families (e.g., αvβx; α4βx), 
have been therapeutic targets for drug discovery. Integrins which have been targeted are indicated 
in Figure 1. We will not consider the pharmacological strategies used, which have been detailed 
elsewhere (e.g., [62,63]), and we include only compounds that target integrins directly, rather than 
their ligands (e.g., excluding anti-fibronectin ED-B domain), or their downstream signaling pathways 
(e.g., anti-focal adhesion kinase). Similarly, we have omitted drugs whose integrin specificity 
emerges within a wide activity profile (e.g., AS-101 [64]). We have focused on late stage trials and on 
drugs that have reached the market. 

 
Figure 1. Integrins targeted in late stage clinical trials. The chains or heterodimers targeted, together 
with symbols indicating the type of drug used as mentioned in text are shown. Drugs named in violet 
have been used in cancer trials. Non-cancer drugs are named in blue. Marketed drugs are underlined; 
withdrawn drug indicated with broken underline. 

We have identified some 480 drugs targeting integrins (the cut-off for our survey was July 2017). 
Where several companies have licensed a drug, target indication and stage of development may vary, 
with trials discontinued in one indication but still in progress in others. Here, we note the latest stage 
of clinical development, rather than stating that development has been discontinued. Since our last 
review [65], several late-stage trials have reported outcomes. The α4β7 inhibitor vedolizumab was 
launched for treatment of Crohn’s disease and ulcerative colitis (UC), and several other therapeutics 
targeting α4β7 have advanced into late stage trials. The αLβ2 inhibitor lifitegrast was launched as a 
treatment for dry-eye disease. Among less encouraging results, in cancer the PH3 and phase 2 (PH2) 
trials of the αvβ3/αvβ5 inhibitory peptide cilengitide in glioblastoma, in squamous cell carcinoma of 
the head and neck (SCCHN), and in non-small cell lung carcinoma (NSCLC), and of the αv-inhibitory 
antibodies abituzumab, in PH2 trials in colorectal carcinoma (CRC) and prostatic cancer, and of 
intetumumab in a melanoma and a prostatic carcinoma trial, failed their primary endpoints. Where 
late stage trial results have not been published, we generally cite the NIH Web-site 
(https://clinicaltrials.gov/) identifier locating the trial at ClinicalTrials.gov (NCTxxxxxxxx). 

Integrins have also been targeted for diagnostic imaging. Apticitide (Tc-99m-P280), imaging 
gpIIbIIIa for acute deep-vein thrombosis in lower extremities, has been launched. (99m)Tc-
maraciclatide, for identifying fibrosis in hypertrophic cardiomyopathy and acute coronary syndrome, 

Figure 1. Integrins targeted in late stage clinical trials. The chains or heterodimers targeted, together
with symbols indicating the type of drug used as mentioned in text are shown. Drugs named in violet
have been used in cancer trials. Non-cancer drugs are named in blue. Marketed drugs are underlined;
withdrawn drug indicated with broken underline.

We have identified some 480 drugs targeting integrins (the cut-off for our survey was July 2017).
Where several companies have licensed a drug, target indication and stage of development may vary,
with trials discontinued in one indication but still in progress in others. Here, we note the latest stage
of clinical development, rather than stating that development has been discontinued. Since our last
review [65], several late-stage trials have reported outcomes. The ↵4�7 inhibitor vedolizumab was
launched for treatment of Crohn’s disease and ulcerative colitis (UC), and several other therapeutics
targeting ↵4�7 have advanced into late stage trials. The ↵L�2 inhibitor lifitegrast was launched
as a treatment for dry-eye disease. Among less encouraging results, in cancer the PH3 and phase
2 (PH2) trials of the ↵v�3/↵v�5 inhibitory peptide cilengitide in glioblastoma, in squamous cell
carcinoma of the head and neck (SCCHN), and in non-small cell lung carcinoma (NSCLC), and of
the ↵v-inhibitory antibodies abituzumab, in PH2 trials in colorectal carcinoma (CRC) and prostatic
cancer, and of intetumumab in a melanoma and a prostatic carcinoma trial, failed their primary
endpoints. Where late stage trial results have not been published, we generally cite the NIH Web-site
(https://clinicaltrials.gov/) identifier locating the trial at ClinicalTrials.gov (NCTxxxxxxxx).

Integrins have also been targeted for diagnostic imaging. Apticitide (Tc-99m-P280),
imaging gpIIbIIIa for acute deep-vein thrombosis in lower extremities, has been launched.
(99m)Tc-maraciclatide, for identifying fibrosis in hypertrophic cardiomyopathy and acute coronary
syndrome, and [18F]FPPRGD2 as a positron emission tomography (PET) imaging agent, for diagnosis


