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Renal cell carcinoma (RCC) is one of the 10 most commonly
diagnosed cancers in the U.S., and approximately 30% of
patients with newly diagnosed RCC present with locally
advanced or metastatic disease [1, 2]. Although metastatic
RCC (mRCC) carries a poor prognosis, the treatment land-
scape for mRCC is evolving at a staggering pace due to
improved understanding of the pathogenic mechanisms
underlying mRCC [3]. Somatic mutations to VHL are seen in
the majority of patients with clear cell mRCC. These muta-
tions prevent ubiquitination of hypoxia-inducible factor
(HIF), which causes an accumulation of intracellular HIF
and production of growth factors that facilitate angiogene-
sis, glycolysis, and tumorigenesis [4]. Subsequently, vascu-
lar endothelial growth factor (VEGF)-targeted therapies
were developed and improved survival for patients with
mRCC. However, most patients treated with VEGF-targeted
therapy will eventually have disease progression. A number
of other angiogenesis pathways have been identified as
possible resistance mechanisms to VEGF targeted therapy,
including interleukin-6 (IL-6), transforming growth factor-β
(TGF-β), platelet-derived growth factor (PDGF), basic fibro-
blast growth factor (bFGF), c-MET, and angiopoietin. With
this knowledge, a multitarget tyrosine kinase inhibitor
(TKI), cabozantinib, was developed to target VEGF and
c-MET, and it improved survival compared to treatment
with sunitinib, a VEGF only TKI [5].

TRC105 (carotuximab) is a novel therapeutic that
bears relationship to the underlying pathophysiology of
Osler-Weber-Rendu syndrome, which is also referred to as
hereditary hemorrhagic telangiectasia-1 (HHT-1). In HHT-1,
mutations to ENG result in defective endoglin. Endoglin
(CD105) is a homodimeric TGF-β coreceptor that is
upregulated by HIF-1-α and is essential for normal vascu-
lar development [6–8]. Interestingly, patients with Osler-
Weber-Rendu have improved survival across a number of
cancers, likely due to defects in angiogenesis. TRC105 is a
chimeric IgG1 monoclonal antibody that binds to endo-
glin, competitively inhibits bone morphogenic protein
ligand binding required for endothelial signal transduction,
induces antibody-dependent cellular cytotoxicity of vascu-
lar endothelial cells and endoglin-expressing tumor cells,

and inhibits angiogenesis (Fig. 1) [9]. TRC105’s ability to
target angiogenesis through the TGF-β pathway suggests
that it could cooperate with a VEGF-targeted therapy to
improve outcomes for patients with mRCC (Fig. 1).

In the accompanying phase I clinical trial, Choueiri and
colleagues clearly demonstrate that TRC105 can safely be
combined with axitinib in patients with mRCC [10]. Nineteen
patients with heavily pretreated mRCC who progressed fol-
lowing treatment with at least one VEGF-targeted therapy
were included. Patients received a median of three prior sys-
temic therapies (range, one to six). In this cohort, TRC105
plus axitinib did not cause any dose-limiting toxicities or
increase the toxicity profiles of the individual drugs. Grade
3 toxicities attributed to TRC105 included anemia requiring
blood transfusions and headache after the initial dose. Fur-
thermore, TRC105 plus axitinib demonstrated promising effi-
cacy in this small cohort of mRCC patients. In this cohort
treated with TRC105 plus axitinib, median progression-free
survival (mPFS) was 11.3 months, objective response rate
was 29.4% (5/17), and disease control rate was 88.2%
(15/17). With the caveats of cross-trial comparison, the
mPFS of 11.3 months with TRC105 plus axitinib was an
improvement compared with the original AXIS trial in which
axitinib as monotherapy had a mPFS of 8.3 months [11].
Notably, in the AXIS trial, mRCC patients were allowed to
receive only one prior systemic therapy, and the mPFS with
axitinib in those with prior exposure to a VEGF TKI was
6.5 months.

With a good safety profile and encouraging efficacy
data, TRC105 plus axitinib warrants further investigation as
salvage therapy for patients with mRCC, and enrollment
in a phase II registration trial is already complete
(NCT01806064). However, these findings should be consid-
ered in the context of previous studies with TRC105 and
another angiogenesis pathway inhibitor, dalantercept.
TRC105 was initially combined with bevacizumab in a ran-
domized phase II clinical trial of 59 patients with previ-
ously treated mRCC [12]. In that study, TRC105 plus
bevacizumab did not improve mPFS compared to bevacizu-
mab alone (2.8 vs. 4.6 months, p = .09). Dalantercept is an
activin receptor-like kinase 1 (ALK1) fusion protein that
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acts as a ligand trap for bone morphogenic proteins 9 and
10, which is similar to the pathophysiology behind heredi-
tary hemorrhagic telangiectasia-2. For dalantercept, the
phase I clinical trial showed promising safety and efficacy
data in previously treated mRCC; however, the phase II
clinical trial revealed that dalantercept plus axitinib did
not improve mPFS compared with axitinib plus placebo
(6.8 months vs. 5.6 months; hazard ratio, 1.10; p = 0.67)
[13]. With the benefit of hindsight, both studies have sig-
nificant limitations that may have contributed to their neg-
ative results. In the TRC105 plus bevacizumab trial,
bevacizumab is not a standard salvage-line treatment for
mRCC, and endoglin levels unexpectedly decreased after
monotherapy with bevacizumab. For dalantercept, the
physical manifestations of HHT were only seen in a minor-
ity of patients, suggesting an appropriate physiologic dose
was not achieved.

If the phase II registration trial of TRC105 plus axitinib
is positive, oncologists will have a novel therapeutic class

in their armamentarium for mRCC, yet it also raises the
question of where TRC105 plus axitinib will fit in the
increasingly crowded treatment landscape for mRCC. Cur-
rently, the options for salvage treatment of mRCC include
cabozantinib, nivolumab, lenvatinib plus everolimus, and
axitinib monotherapy. Without question, TRC105 plus axiti-
nib could be utilized as an additional salvage treatment for
mRCC. Currently, TRC105 plus axitinib is not being investi-
gated as a first-line treatment for mRCC. Newer regimens
or agents, such as nivolumab plus ipilimumab and cabozan-
tinib, have become standard of care first-line treatment for
most mRCC patients, and the combination of bevacizumab
plus atezolizumab may be approved soon. Furthermore,
novel combination regimens, such as pembrolizumab plus
axitinib and avelumab plus axitinib, have shown promise
for mRCC in early phase trials and are under investigation
in phase III registration clinical trials (Table 1) [14, 15]. If
the phase II registration trial of TRC105 plus axitinib leads
to approval of this combination in the salvage therapy

Figure 1. Mechanism of action for TRC105 plus axitinib and alternative pathways of angiogenesis in metastatic renal cell carcinoma.
Abbreviations: ALK1, activin receptor-like kinase 1; BMP, bone morphogenic protein; TGF-β, transforming growth factor-β; VEGF, vascu-
lar endothelial growth factor; VEGFR, vascular endothelial growth factor receptor.

Table 1. Phase III clinical trials of novel combination regimens for first-line therapy for metastatic renal cell carcinoma

ID Phase Arms
Primary
outcome Patients, n

Estimated primary
completion datea

NCT03141177 3 Cabozantinib + nivolumab vs. sunitinib PFS 630 September 2019

NCT02853331 3 Pembrolizumab + axitinib vs. sunitinib PFS, OS 840 December 2019

NCT02811861 3 Lenvatinib + everolimus vs. lenvatinib +
pembrolizumab vs. sunitinib

PFS 735 January 2020

NCT02684006 3 Avelumab + axitinib vs. sunitinib PFS 583 December 2018
aPrimary completion date: The date on which the last participant in the clinical study was examined or received an intervention to collect final
data for the primary outcome measure.
Abbreviations: OS, overall survival; PFS, progression-free survival.
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setting, could clinical trials evaluating first-line triplet ther-
apy with a checkpoint inhibitor plus axitinib plus TRC105
be initiated in the near future?

In conclusion, TRC105 targets endoglin, a non-VEGF
angiogenesis pathway that has the potential to comple-
ment VEGF targeted therapy. In the accompanying phase I
trial, Choueiri and colleagues demonstrate that TRC105
plus axitinib is safe and has promising therapeutic activity
in patients with mRCC. Due to the mixed history with tar-
geting VEGF and alternative angiogenesis pathways, the
jury will remain out on TRC105 plus axitinib until the phase
II registration trial is reported.
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Editor's Note:
See the related article, “An Open Label Phase Ib Dose Escalation Study of TRC105 (Anti-Endoglin Antibody) with
Axitinib in Patients with Metastatic Renal Cell Carcinoma,” by Toni K. Choueiri et al., on page 202 of this issue.
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