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Abstract  
 

The growth and dissemination of solid tumors heavily relies on 

angiogenesis, making it an attractive therapeutic target in cancer. 

Tumor angiogenesis is orchestrated by a plethora of secreted 

factors and signaling pathways. The initial inhibition of the 

VEGF-pathway, despite successful preclinical studies, yielded 

only modest clinical benefits in patients, promoting the search 
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for other anti-angiogenic targets. The BMP9/10-ALK1-endoglin 

pathway is an important regulator of vascular development. This 

pathway has been investigated by multiple groups as a 

therapeutic target for tumor angiogenesis inhibition. For that, 

various pharmacological and genetic means were used to target 

different components of this pathway. Here, we recapitulate the 

outcome of most cellular, preclinical and clinical studies 

targeting BMP9/10-ALK1-endoglin pathway as an attempt to 

block tumor angiogenesis. 

 

Introduction  
 

Angiogenesis, the formation of new blood vessels from pre-

existing ones, is active during physiological development to 

provide the growing tissues with an adequate supply of oxygen 

and nutrients while removing metabolic wastes. In adulthood, the 

vascular tree generally reaches a quiescent state, with few 

exceptions including wound healing and the female menstrual 

cycle. This vascular quiescence is tightly regulated by a variety 

of pro-angiogenic and anti-angiogenic factors that coordinate 

angiogenic processes in a spatiotemporal manner [1]. Vascular 

endothelial growth factor (VEGF), basic fibroblastic growth 

factor (bFGF), angiogenin, thrombospondin (TSP), 

angiopoietins, and transforming growth factor-β (TGF-β) are all 

examples of angiogenic factors that control the ON-OFF 

angiogenic switch [2]. In solid malignancies, dysregulation of 

the angiogenic switch towards the pro-angiogenic phenotype 

promotes the development of a highly vascularized niche that 

supports tumor growth and provides an escape route for 

metastatic dissemination [3]. Therefore, inhibition of tumor 

angiogenesis is considered an important therapeutic strategy in 

cancer treatment [4].  

 

The main goal of anti-angiogenic therapies is to abrogate the 

formation of new blood vessels within the tumor, in an attempt 

to deprive cancer cells from oxygen and nutrients, and 

consequently inhibit tumor growth and progression. Moreover, 

tumor induced angiogenesis is associated with the formation of 

aberrant vascular network characterized by acidosis, interstitial 

hypertension and hypoxia. This abnormal microenvironment 
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endangers the efficacy and proper delivery of therapeutics to 

solid tumors [5]. Therefore, the development of anti-angiogenic 

therapies and combining them with cytotoxic drugs constitutes 

an important aspect in cancer therapies.  

 

Targeting VEGF signaling has been demonstrated as the prime 

antiangiogenic target in the clinic for the last two decades. Anti-

VEGF therapies, including blocking antibodies against VEGF 

(bevacizumab), kinase inhibitors (sunitinib, imatinib, sorafenib, 

axitinib and regorafenib), and decoy receptors, have been 

included in the first line therapies against advanced and 

metastatic cancers [6]. Unfortunately, in contrast to the 

promising results from preclinical studies, the use of this 

monotherapy has yielded only modest therapeutic benefit in 

some tumor types, failed in others and was associated with the 

generation of resistant and more aggressive tumors [7,8]. Hence, 

alternative and/or complementary therapeutics directed at novel 

targets of vascular development are urgently needed. 

 

Members of the Transforming growth β (TGF-β) superfamily of 

signaling molecules have been previously described as important 

modulators of vasculogenic and angiogenic processes. Among 

them, BMP9 and BMP10, which bind with high affinity to a 

signaling complex of receptors composed of activin receptor-

like-kinase-1 (ALK1) and endoglin [9] which are mostly 

expressed on endothelial cells, play an essential role in vascular 

development [10]. This signaling complex is composed of two 

type I receptors (ALK1), two type II receptors (BMPRII, 

ActRIIA or ActRIIB) and the co-receptor endoglin. Both type I 

and type II receptors possess Serine/Threonine kinase activities. 

Binding of BMP9/10 to this receptor complex leads to the 

phosphorylation of ALK1 by the constitutively active type II 

receptor. Consequently, activated ALK1 phosphorylates 

transcription factors known as Smads that modulate target gene 

expression [9,11,12]. Endoglin is a homodimeric cell-surface co-

receptor that lacks enzymatic activity and functions as a co-

receptor in association with ALK1, enhancing ALK1 signaling 

[13]. ALK1 and endoglin display highly similar expression 

patterns, being mostly restricted to endothelial cells. Complete 

genetic ablation of either ALK1 or endoglin in mice results in 
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embryonic lethality due to impairment of blood vessel 

development [14]. In addition, heterozygous loss-of-function 

mutations in either gene in humans give rise to two closely 

related forms of the vascular disorder hereditary hemorrhagic 

telangiectasia (HHT) [15]. 

 

Interestingly, an elevated expression level of both ALK1 and 

endoglin was reported in the angiogenic tumor endothelium 

[16,17] and the BMP9/10-ALK1-endoglin pathway was 

proposed to be involved in resistance to anti-VEGF therapy in 

tumors [18]. In addition, BMP9 is known to regulate the 

development of lymphatic vessels [19,20], which has 

implications for metastatic spread of tumor cells through 

lymphatic vasculature [21]. As a result, the BMP9/10-ALK1-

endoglin signaling pathway emerged as an interesting candidate 

target for anti-angiogenic cancer therapies. Consequently, 

extensive in vitro and in vivo studies have been performed in the 

past two decades to investigate the implication of this pathway in 

tumor angiogenesis, using multiple cancer models. Most 

preclinical studies revealed promising anti-angiogenic responses, 

giving rise to several clinical trials aiming to improve the overall 

survival of cancer patients. Here, we provide a brief overview of 

the cellular, preclinical and clinical studies targeting BMP9/10-

ALK1-endoglin pathway as an attempt to block tumor 

angiogenesis. 

 

Targeting ALK1 as an Anti-Angiogenic 

Therapy in Cancer  
 

Different biological compounds have been designed/identified to 

interfere with ALK1 signaling including the BMP type-I receptor 

inhibitors LDN-193189 [22], OD16 and OD29 [23], and the 

miRNA miR-199b-5p [24], all of which have demonstrated 

effective inhibition of ALK1 signaling. However, the specificity 

of designed drugs and crosstalk with other pathways make it 

difficult to predict the final outcome of such inhibitors. For this 

reason, targeting ALK1 have been majorly studied in the context 

of tumor angiogenesis through highly specific designed products 

such as ALK1-Fc fusion ligand trap (dalantercept/ACE-041) 

developed by Acceleron Pharma Inc [25], and PF-03446962 
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(fully human antibody that targets extracellular domain of 

ALK1) developed by Pfizer [26], both of which have been 

implicated in independent clinical trials. 

 

Preclinical Studies  
ALK1 Ligand Trap  

 

The characterization of the ALK1-Fc fusion protein has 

demonstrated its ability to specifically trap BMP9 and BMP10, 

but not any other ligand of the TGF-β family [27]. In vitro 

studies showed that dalantercept, and its mouse counterpart 

RAP-041, inhibited BMP9 and BMP10 induced Smad1/5 

phosphorylation and downstream signaling (e.g, id1 gene 

expression), without affecting TGF-β induced Smad2 

phosphorylation [27,28]. Moreover, functional assays showed 

that dalantercept blocks cord formation and endothelial sprouting 

in vitro in human umbilical vein endothelial cells (HUVEC), as 

well as FGF induced neovascularization and VEGF-induced 

vessel formation in vivo in a chick chorioallantoic membrane 

(CAM) assay [27]. The anti-tumor effects of ALK-1 Fc were 

primarily investigated through the application of RAP-041 in rat 

insulin promoter – SV40 large T antigen (RIP1-Tag2) model of 

pancreatic neuroendocrine tumorigenesis. Results showed an 

impaired tumor growth already after 2 weeks [28] and a decrease 

in the number of hepatic micro metastasis compared to the 

control cohort after a prolonged 4-week treatment [29]. Similar 

results have been obtained by blocking metastatic dissemination 

in the transgenic spontaneous mouse mammary tumor virus 

(MMTV)-polyoma middle T antigen (PyMT) and the syngeneic 

transplantable E0771 breast cancer models [30]. Likewise, 

dalantercept reduced  tumor burden in MCF-7 mammary 

adenocarcinoma orthotopic model [27]. On the other hand, in 

another study of poorly/non-metastatic melanoma, breast, head 

and neck cancer, no effect was observed on primary tumor 

growth at the experimental endpoint following the use of RAP-

041 as a monotherapy [31]. 
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ALK1 Antibody  

 

The ALK1 antibody (PF-03446962) directly binds to the 

extracellular domain of ALK1 (residues 42-56) with a high 

affinity, but doesn’t bind to other closely related ALKs, such as 

ALK2/3/4/5/or ALK7, thus reducing potential off-target effects. 

In vitro studies demonstrated that PF-03446962 prevented 

binding of BMP9 to endothelial cells (ECs), inhibited BMP9-

induced Smad1 phosphorylation, and BMP responsive element 

(BRE)-luciferase transcriptional reporter activity [32]. Moreover, 

the monoclonal antibody efficiently blocked serum-induced 

Smad1 phosphorylation, migration, endothelial sprouting, as 

well as tube formation in HUVECs [32,33]. Similarly, a 

reduction in tumor growth and inhibition of both microvascular 

and lymphatic vessel density has been reported in MDA-MB-231 

human breast cancer xenografts when using PF-03446962 [33]. 

 

Although both strategies are directed to block the signaling 

through ALK1, the modes of action of dalantercept and PF-

03446962 are distinct, one blocking the ligands the other 

blocking the receptor. Both approaches demonstrated that 

ALK1-targeting induces changes in the vascular network and 

subsequent alterations in the tumor microenvironment, described 

through in-depth vasculature characterization using several 

approaches such as monitoring pericyte coverage, vascular 

perfusion, as well as sprouting and leakiness of the vessels [30-

34], all of which are critical factors that describe what is known 

by “vascular normalization”. In the context of tumor anti-

angiogenic therapies, the vascular normalization hypothesis 

states that antiangiogenic therapy aims to restore the balance 

between pro- and antiangiogenic factors back towards 

equilibrium. As a result, vessel structure and function become 

more normal: vessels are more mature with enhanced 

perivascular coverage, blood flow is more homogeneous, vessel 

permeability and hypoxia are reduced, and importantly the 

delivery of systemically administered anticancer therapies into 

tumors is more uniform [35]. Nevertheless, contradicting data 

have been described when assessing the functionality of the 

tumor-associated vasculature following administration of either 

RAP-041 or PF-03446962. For instance, PF-03446962 
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quantitatively disrupted vascular normalization in M24met/R 

xenograft tumors [33], while ALK1-Fc treatment that increased 

coverage of tumor endothelial cells by NG2-expressing cells (i.e. 

pericytes) [31]. Hu-lowe et al [33] displayed that flow rates were 

only affected in large, functional blood vessels, whereas smaller 

ones were unaffected. Contradictory to this result, Hawinkels et 

al [31] described a slight increase in perfusion. These results 

demonstrate that targeting the same receptor by two different 

approaches in different tumor models yields different results, and 

suggests more investigation of the underlying mechanisms 

following ALK1 activation. 

 

Alk1+/- Mice  

 

Other means of targeting ALK1 signaling as a therapeutic 

approach in cancer angiogenesis include genetic approaches 

using heterozygote mice. Cunha et al reported that blunted 

ALK1 expression using RIP1-Tag2; Alk1
+/-

 mice showed a 

significant retardation in tumor progression through the 

angiogenic switch, reduced de novo tumor growth, and impaired 

angiogenesis in comparison to RIP1-Tag2; Alk1
+/+ 

mice, 

consistent with results of using RAP-041 which has been 

addressed in this same work [28,29].  

 

Combinatory Treatments  

 

Combinatorial treatments of ALK1-blocking agents with other 

targeted therapies have also shown promising results in targeting 

both tumor angiogenesis and progression. For instance, 

combined use of ALK1-Fc fusion along with chemotherapy 

(Doxorubicin or Cisplatin) has shown increased cytotoxic effect 

and impaired tumor growth in melanoma, head and neck cancer, 

and breast cancer models [31]. Likewise, in experimental breast 

carcinomas, RAP-041-induced blunted vessel density was 

further diminished in combined therapy group (RAP-041 + 

Docetaxel), accompanied by a significant reduction in the 

metastatic count in the lungs [30]. Moreover, Dual targeting of 

VEGF and BMP9/10 signals using a newly designed 

ALK1FLT1-Fc (ALK-Fc fused to VEGFR1-Fc) trap 

significantly inhibited both angiogenesis and growth of human 
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BxPC3 pancreatic tumor xenografts [36]. Of note, co-

administration of RAP-041 and VEGFR2 neutralizing antibody 

DC101 showed no additional therapeutic benefit in MMTV-

PyMT breast cancer model [30]. Interestingly, tumors described 

previously as resistant to VEGF inhibitors showed a significant 

decrease in tumor burden and associated vasculature when 

exposed to PF-03446962, through a mechanism suggesting 

disruption of vascular normalization phenotype induced by 

bevacizumab [33]. It was also shown that combinatorial use of 

dalantercept with the VEGFR2 tyrosine kinase inhibitor sunitinib 

leads to tumor stasis in renal cell carcinoma [37]. 

 

Clinical Trials  
 

The results obtained from preclinical studies of the two ALK1 

targeting agents in different cancer models prompted several 

clinical trials to assess safety, pharmacokinetics, 

pharmacodynamics, and anti-tumor efficacy in patients with 

advanced cancer, either as monotherapy or in combination with 

other antiangiogenic approaches. Phase I clinical trials in 

patients with different tumors, including non-small lung cancer 

carcinoma, hepatocellular carcinoma (HCC), persistent or 

recurrent ovarian carcinoma and related malignancies, as well as 

relapsed/refractory multiple myeloma showed that both 

dalantercept and PF-03446962 were generally well tolerated, 

gave promising and motivating responses, and had a manageable 

safety profile distinct from that of anti-VEGF therapy [26,38-

40]. None of the patients enrolled in these clinical trials 

displayed the most severe adverse events (AE) reported 

following bevacizumab treatment (gastrointestinal perforation, 

impaired wound healing, and serious bleeding). Commonly 

observed AE upon dalantercept administration were peripheral 

oedema, fatigue and anemia, whilst fatigue, nausea and 

thrombocytopenia (not associated with bleeding) were typical of 

PF-03446962 infusion [25,26]. Moreover, several patients 

enrolled in these trials developed telangiectases, which are often 

observed in HHT patients, demonstrating an on-target effect of 

blocking ALK1 receptor signaling. Though safe, independent 

phase II clinical trials utilizing dalantercept as monotherapy in 

patients with recurrent/persistent endometrial carcinoma, ovarian 
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carcinoma, and squamous cell carcinoma of the head and neck 

revealed insufficient single agent activity with limited efficacy 

that did not reach the intended primary endpoint [41-43]. 

Similarly, phase II clinical trials assessing the efficacy of PF-

03446962 in pre-treated patients with refractory urothelial cancer 

and advanced malignant pleural mesothelioma demonstrated no 

or limited activity as single drug [44,45]. 

 

Acceleron Pharma Inc has recruited patients to test efficacy of 

combining dalantercept with sorafenib and axitinib in advanced 

HCC and renal cell carcinoma (RCC), respectively. Results from 

the dose-escalation and expansion cohorts evaluating the 

combination of dalantercept plus axitinib in advanced RCC 

showed that the combination of these two therapies is well 

tolerated and associated with a clinical response [46]. However, 

the phase II trial of this combination in RCC patients showed 

that the addition of dalantercept to axitinib did not appear to 

improve treatment-related outcomes in previously treated 

patients with advanced RCC reporting 1 treatment related death 

and a lower objective response rate in the combination group 

(19%) in comparison to placebo plus axitinib (24.6%). Likewise, 

combinatorial phase Ib study of dalantercept and sorafenib 

showed no improvement in antitumor activity in patients with 

HCC [47]. In a similar fashion, Pfizer also tested the 

combination of PF-03446962 with regorafenib in patients with 

refractory metastatic colorectal cancer, however the combined 

therapy was associated with unacceptable toxicity and did not 

demonstrate notable clinical activity in these patients [48]. 

 

Targeting Endoglin as an Anti-Angiogenic 

Therapy in Cancer  
 

Another proposed anti-tumorigenic target within the ALK1 

signaling pathway is endoglin (CD105). Several lines of 

evidence support the rationale for targeting endoglin as a novel 

anti-angiogenic therapy in cancer. Endoglin is highly expressed 

on the tumor-associated vascular and lymphatic endothelium, 

and its expression holds prognostic significance in certain tumors 

[17]. In addition, gene expression profiling of circulating 

endothelial cells (CEC), which are elevated in the blood of 
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cancer patients and are thought to contribute to tumor 

angiogenesis, revealed an increase of endoglin expression of 

CEC-enriched samples from metastatic patients compared to 

healthy subjects [49]. Moreover, a soluble form of endoglin, 

which is shed following cleavage of the membrane-bound form 

by matrix metalloproteinase 14 [50], is detected in the serum of 

patients with different solid tumors [17]. Last but not least, anti-

VEGF was shown to increase endoglin expression on tumor-

endothelial cells [51], in line with suggestions implicating the 

ALK1 signaling pathway in resistance to anti-VEGF therapies. 

 

With that, several groups focused on targeting endoglin to 

suppress tumor angiogenesis, either by directly blocking 

endoglin using an antibody raised against it or by sequestering its 

ligands through an endoglin ligand trap composed of the 

extracellular region of endoglin fused to an immunoglobulin Fc 

domain (Eng-Fc).  

 

Preclinical Studies  
Endoglin Antibody  

 

In vitro, TRC105, a chimeric antibody that binds human 

endoglin with high avidity, triggered the apoptosis of HUVECs 

through antibody-dependent cellular cytotoxity [52]. 

Preclinically, SN6j, a parental antibody of TRC105, showed 

promising anti-tumorigenic effects without significant side 

effects. Antibody treatment reduced microvessel density and 

angiogenesis in multiple metastatic tumor models and 

suppressed tumor metastasis, leading to prolonged survival of 

the tumor-bearing mice [53]. In addition, combination of SN6j 

with the chemotherapeutic agent cyclophosphamide 

synergistically enhanced antitumor efficacy [54]. 

 

Endoglin Ligand Trap and Genetic Targeting  

 

Endoglin ligand traps also triggered anti-angiogenic responses 

both in vitro and in vivo. Exogenous treatment or expression of 

HUVECs with Eng-Fc efficiently inhibited spontaneous and 

VEGF-induced sprouting on matrigel and in 3D collagen 

matrices [50]. In vivo, Eng-Fc blocked angiogenesis by 
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suppressing VEGF-induced vessel formation or sprouting in 

CAM assay and angioreactors respectively. The ligand trap also 

successfully decreased tumor burden in a colon-26 

adenocarcinoma model [55]. Contrary to these findings, one 

group exploring the impact of single or dual genetic targeting of 

ALK1 and endoglin on tumor angiogenesis reported no effect of 

genetic ablation of one copy of the Eng gene on tumor 

angiogenesis and growth in a mouse model of pancreatic 

neuroendocrine tumors [56]. On the other hand, reducing Acvrl1 

gene dosage in the same model decreased tumor vasculature and 

delayed tumor growth. Interestingly, dual targeting of Acvrl1 

and Eng, through genetic ablation of one copy of each gene, 

resulted in a synergistic reduction of overall tumor burden, 

suggesting a beneficial impact of combinatorial targeting of 

ALK1 and endoglin. The different effects of endoglin targeting 

on tumor angiogenesis could be explained by the different levels 

of target inhibition when using antibodies versus genetic ablation 

of a single Eng allele or by inherent differences between disease 

models rendering some more responsive to therapy than others.  

 

Clinical Trials  
 

The encouraging preclinical results led to some phase I clinical 

studies assessing TRC105 safety, pharmacokinetics and anti-

tumor efficacy in patients with advanced or metastatic solid 

tumors [57,58]. In these studies, TRC105 resulted in a short-term 

stable disease in some patients with two showing exceptional 

ongoing responses after 18 and 48 months. The safety 

assessment of TRC105 identified well-tolerated adverse events 

at clinically relevant doses mostly comprising infusion reactions, 

low-grade headaches and anemia that is probably caused by 

suppression of endoglin-expressing proerythroblasts. 

Interestingly, some patients receiving TRC105 developed 

mucocutaneous telangiectases [58] or epistaxis [57], well known 

symptoms of the vascular disorder HHT caused by endoglin or 

ALK1 mutations, demonstrating on-target effect of TRC105. 

Finally, TRC105 treatment induced a significant induction of 

VEGF levels in patients of one study, which could be a potential 

compensatory mechanism for the anti-angiogenic effect of 

TRC105 [57]. This further encouraged combination therapies 
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comprising TRC105 and anti-VEGF treatments, which is 

feasible due to the distinct identified safety profile of TRC105 

compared to anti-VEGF therapies.  

 

These studies were followed by a phase II clinical trial assessing 

the tolerability and efficacy of TRC105 administration on 13 

heavily pre-treated patients with urothelial carcinoma. TRC105 

was once again well-tolerated, but its anti-tumor activity was not 

satisfactory with only 2 patients achieving stable disease for 4 

months and a median overall survival of 8.3 months [59]. 

However, in this study TRC105 seemed to have a positive 

impact on immune subsets, notably regulatory T cells, 

suggesting potential benefit for combining TRC105 with 

immunotherapy. In support of that, enhanced therapeutic effects 

were recently reported when combining TRC105 with PD1 

inhibition in four preclinical cancer models [60]. 

 

Another phase II study aimed to investigate the efficacy of 

TRC105 administration in HCC patients that have previously 

progressed on sorafenib. Evidence of clinical activity was not 

enough to proceed [61], but combination therapy with sorafenib 

in HCC was tested in a following phase I trial [61]. The 

combination of both agents was well-tolerated using the 

recommended single agent doses and encouraging activity 

triggered the launch of a phase II study. A few other clinical 

trials assessed the combination of TRC105 with other VEGF-

targeting agents such as bevacizumab [62,63] and axitinib [64]. 

The combination of TRC105 with bevacizumab was well-

tolerated [62]. Despite initial reports showing clinical response, 

TRC105 addition to bevacizumab failed to improve progression-

free survival in patients with refractory metastatic RCC [63]. 

Following this trial, TRC105’s efficacy was assessed with 

axitinib instead of bevacizumab in metastatic RCC patients. This 

combination therapy was also well-tolerated and provided 

encouraging evidence of activity leading to further investigations 

[64]. 
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Targeting BMP9 and BMP10 as an Anti-

Angiogenic Therapy in Cancer  
 

Most preclinical studies addressing the role of the ALK1 

signaling pathway in tumor angiogenesis relied on the 

pharmacological targeting of ALK1 or endoglin, either using 

neutralizing antibodies or soluble forms of ALK1 or endoglin. 

However, these approaches globally suppress the signaling 

pathway without considering potential specific roles of BMP9 

versus BMP10 in tumor angiogenesis. By following tumor 

growth and dissemination in a syngeneic orthotopic mammary 

cancer model genetically deficient in Bmp9, Bmp10 or both, we 

showed that deletion of Bmp9, but not Bmp10, increases tumor 

vascular density and decreases vessel normalization, leading to 

enhanced tumor growth and metastasis [65]. In addition, mice 

deficient in both Bmp9 and Bmp10 did not show any added 

therapeutic benefit compared to Bmp9-deficient mice. These 

results suggest that BMP10 targeting can be omitted, and 

specific targeting of BMP9 rather than ALK1 or endoglin could 

be more suitable in this model. Interestingly, this study also 

highlighted BMP9 as an angiogenic quiescence factor that 

promotes vessel normalization. In this case, activating the BMP9 

pathway rather than blocking it can provide new means for 

cancer therapy, especially when combined with chemo- or 

immunotherapies [65]. In line with the role of BMP9 as a 

vascular quiescence factor, Bmp9 deficiency in a pancreatic 

neuroendocrine tumor model led to hyperbranching and 

increased metastases, despite a contradictory decrease in tumor 

growth [56]. On the other hand, blocking BMP9 through a 

monoclonal anti-BMP9 antibody showed anti-tumor activity and 

an increase in the normalization of tumor blood vessels in a 

model of RCC [66]. All in all, targeting different components, 

and sometimes even the same element, within a signaling 

pathway can yield different or opposing outcomes in different 

models.  

 

Conclusion  
 

The BMP9/10-ALK1-endoglin pathway is an important regulator 

of vascular development that recently captivated the attention of 
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the scientific and medical community as a target for inhibiting 

tumor angiogenesis and growth [67]. Several groups attempted 

to block different components of this pathway (ALK1, endoglin 

or BMP9) using distinct pharmacological and genetic means 

either alone or in combination with chemo- or antiangiogenic 

therapy. Despite the encouraging reported effects of blocking 

this pathway on tumor angiogenesis and growth in most 

preclinical models tested, single agent therapies in patients with 

different solid malignancies generated only modest effects. In 

this regard, combinatorial clinical trials integrating BMP9/10-

ALK1-endoglin and other pathways targeting agents are still 

ongoing with the hope of better potential.  

 

Targeting the tumor vasculature to “starve a tumor to death” 

instead of targeting tumor cells with chemotherapeutic drugs was 

conceived over four decades ago and has led to the development 

of antiangiogenic drugs approved in cancer since now two 

decades. However, antiangiogenic therapies so far have not 

fulfilled expectations and provide only transitory 

improvements. More recent work is now proposing the opposite, 

that is to promote angiogenesis in order to increase influx of 

chemotherapeutic drugs into tumor cells
 

[68]. It will be 

interesting in the future to see how the BMP9/10-ALK1-

endoglin pathway will fit into this new hypothesis. 
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