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ABSTRACT
Vascular endothelial growth factor (VEGF) and angiopoietin
(ANG)-2 have complementary roles in angiogenesis and promote
an immunosuppressive tumor microenvironment. It is anticipated
that the combination of VEGF and ANG2 blockade could provide
superior activity to the blockade of either pathway alone and that
the addition of VEGF/ANG2 inhibition to an anti–programmed cell
death protein-1 (PD-1) antibody could change the tumor microen-
vironment to support T-cell–mediated tumor cytotoxicity. Here,
we describe the pharmacologic and antitumor activity of BI
836880, a humanized bispecific nanobody comprising two single-
variable domains blocking VEGF and ANG2, and an additional
module for half-life extension in vivo. BI 836880 demonstrated
high affinity and selectivity for human VEGF-A and ANG2, result-
ing in inhibition of the downstream signaling of VEGF/ANG2 and a
decrease in endothelial cell proliferation and survival. In vivo, BI
836880 exhibited significant antitumor activity in all patient-
derived xenograft models tested, showing significantly greater
tumor growth inhibition (TGI) than bevacizumab (VEGF inhibi-
tion) and AMG386 (ANG1/2 inhibition) in a range of models. In

a Lewis lung carcinoma syngeneic tumor model, the combina-
tion of PD-1 inhibition with VEGF inhibition showed superior
efficacy versus the blockade of either pathway alone. TGI was
further increased with the addition of ANG2 inhibition to
VEGF/PD-1 blockade. VEGF/ANG2 inhibition had a strong
antiangiogenic effect. Our data suggest that the blockade of
VEGF and ANG2 with BI 836880 may offer improved antitumor
activity versus the blockade of either pathway alone and that
combining VEGF/ANG2 inhibition with PD-1 blockade can fur-
ther enhance antitumor effects.

SIGNIFICANCE STATEMENT
Vascular endothelial growth factor (VEGF) and angiopoietin
(ANG)-2 play key roles in angiogenesis and have an immunosup-
pressive effect in the tumor microenvironment. This study shows
that BI 836880, a bispecific nanobody targeting VEGF and ANG2,
demonstrates substantial antitumor activity in preclinical models.
Combining VEGF/ANG2 inhibition with the blockade of the PD-1
pathway can further improve antitumor activity.

Introduction

The blockade of VEGF signaling to restrict tumor vascular
supply has long been recognized as a therapeutic strategy in
oncology. The anti-VEGF monoclonal antibody bevacizumab, in
combination with chemotherapy, has been approved for the
treatment of various advanced cancers, including renal cell
cancer, non–small cell lung cancer (NSCLC), colorectal cancer,
and breast cancer. Furthermore, numerous VEGF receptor ty-
rosine kinase inhibitors—including nintedanib, sorafenib, suni-
tinib, and pazopanib—are approved for the treatment of
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advanced cancers, including NSCLC, renal cell carcinoma, he-
patocellular carcinoma, thyroid carcinoma, gastrointestinal
stromal tumors, and pancreatic neuroendocrine tumors.
Although tumors are often highly vascularized, the

structure and function of vessels are often abnormal. It is
thought that these abnormalities can contribute to tumor
progression and metastasis, for example, by migration of
tumor cells through leaky vessels (Carmeliet and Jain, 2011).
Thus, there is increasing interest in vessel normalization as a
complementary therapeutic strategy to VEGF signaling
blockade. The angiopoietin (ANG)/TIE2 pathway regulates
vessel normalization. ANG1/TIE2 signaling promotes the
interaction between endothelial cells and pericytes, stabi-
lizing the maturing vascular system. ANG2—the antago-
nist of ANG1—destabilizes established blood vessels and
promotes vessel remodeling and angiogenesis (Carmeliet and
Jain, 2011; Gerald et al., 2013). There is also crosstalk between
the VEGF and ANG2 signaling pathways: VEGF upregulates
ANG2 expression in endothelial cells (Reginato et al., 2011)
whilst ANG2 sensitizes endothelial cells to VEGF signaling
(Fiedler and Augustin, 2006). Accordingly, combined inhibition
of VEGF and ANG2 has demonstrated improved antitumor
efficacy versus VEGF or ANG2 inhibition alone in preclinical
models (Brown et al., 2010; Hashizume et al., 2010).
In addition to driving tumor neovascularization, proangio-

genic factors, such as VEGF, promote an immunosuppressive
environment within tumors by inhibiting dendritic and cyto-
toxic T-cell function and by activating regulatory T cells/mye-
loid-derived suppressor cells (Yang et al., 2018). Vascular
endothelial growth factor A (VEGF-A) has also been described
to interfere with T-cell infiltration into the tumor (Motz et al.,
2014). Moreover, abnormal vasculature of tumors is thought
to suppress antitumor immunity by creating a hypoxic envi-
ronment that interferes with T-cell function (Lanitis et al.,
2015). Therefore, it may be beneficial to combine VEGF/ANG2
blockade with a PD-1/PD-L1 antibody. It is anticipated that
such a combination could change the tumor microenvironment
to support T-cell-mediated tumor cytotoxicity.
BI 836880 is a humanized bispecific nanobody comprising

two single variable domains binding VEGF and ANG2 and an
additional serum albumin–binding module for extending the
half-life in vivo. Based on 1) Biacore surface plasmon reso-
nance binding assays, 2) ERK phosphorylation assays in hu-
man umbilical vein endothelial cells (HUVECs), and 3) human
TIE2 phosphorylation assays in transfected human embryonic
kidney 293 (HEK293) cells, we assessed the specificity and
pharmacologic activity of BI 836880 in vitro. We also evalu-
ated its antitumor activity in a series of patient-derived xeno-
graft models and the combination of VEGF/ANG2 inhibition
with PD-1 inhibition in a Lewis lung carcinoma (LL/2) synge-
neic mouse tumor model.

Materials and Methods
Reagents and Cell Lines. BI 836880 and AMG386 (anti-ANG1/2

peptibody) were produced in-house by Boehringer Ingelheim. Other
reagents were RMP1-14 (murine anti–PD-1 antibody; BioXCell;
BE0146) and the corresponding isotype InVivoMAb Rat IgG2a (Bio-
XCell; BE0089), bevacizumab (anti-VEGF antibody; Roche), and vata-
lanib [small-molecule tyrosine kinase inhibitor of VEGF receptor
(VEGFR); MedChemExpress; HY-12018].

For the binding assays, the following commercial recombinant pro-
teins were used: human VEGF165 (R&D Systems; 293-VE/CF), hu-
man VEGF121 (R&D Systems; 298-VERSUS/CF), rat VEGF164
(R&D Systems; 564-RV/CF), mouse VEGF164 (R&D Systems; 493-
MV/CF), human VEGF-B (R&D Systems; 751-VE), human VEGF-C
(R&D Systems; 2179-VC/CF), human VEGF-D (R&D Systems; 622-
VD/CF), human placental growth factor (R&D Systems; 264-PG/CF),
FLAG-tagged human ANG1 (Alexis Biochemicals), FLAG-tagged hu-
man ANG2 (Alexis Biochemicals), human TIE2-Fc (R&D Systems;
313-TI), and recombinant human ANG2 (R&D Systems; 623-AN).
Also used were recombinant proteins produced by Boehringer Ingel-
heim: mouse, rat, and cynomolgus ANG2-fibrinogen-like domain
(FLD) fragments, as well as monomeric ANG2-FLD, which consists of
the C-terminal FLD domain of ANG2 and contains the key amino acid
residues involved in its interaction with the receptor TIE2. An anti-
FLAG-horseradish peroxidase (HRP; Sigma), an anti-VHH antibody
(1A4; Ablynx), and a nonbinding VHH antibody control (Ablynx) were
also used.

The antibodies used in the phosphorylation assays were phospho-
ERK–specific primary antibody (Sigma; M8159), anti-TIE2 antibody
(Cell Signaling; 4224), and secondary anti-phosphotyrosine HRP-
conjugate 4G10 platinum (Millipore; 16-316).

HUVECs (Lonza Bioscience; 171747) were cultured in Endothelial
Cell Growth Medium-2 (Endothelial Cell Growth Basal Medium-2
plus 2% FBS plus growth factors; Lonza Bioscience BulletKit) for up
to eight passages. The human embryonic kidney cell line HEK293 was
cultured for up to 20 passages in Dulbecco’s modified Eagle medium
(Lonza Bioscience) supplemented with 1 mM sodium pyruvate
(Gibco), 1× MEM NEAA (Gibco), 12.5 mM HEPES pH 7.3 (USB),
100 U/mL penicillin/streptomycin (Gibco), and 10% heat-inacti-
vated FBS (JRH Biosciences). Cell culture was performed at 37�C
in a humidified incubator containing 5% CO2. Cell lines were au-
thenticated by short tandem repeat analysis and regularly tested
for Mycoplasma contamination.

Binding Affinity (Biacore Analysis). The binding kinetics of
BI 836880 to ANG2 and serum albumin were analyzed using a Bia-
core T100 surface plasmon resonance system. Briefly, ANG2 or serum
albumin were immobilized directly on a CM5 chip via amine coupling.
Nanobodies were analyzed at concentrations of 0.4–100 nM for ANG2
and 2–500 nM for serum albumin. Association/dissociation data were
evaluated by fitting a 1:1 interaction model (Langmuir binding) or het-
erogeneous ligand model for ANG2 and serum albumin.

Binding Affinity (ELISA). The binding affinity of BI 836880 to
recombinant human VEGF165, VEGF121, mouse VEGF164, rat
VEGF164, human VEGF-B, human VEGF-C, human VEGF-D, and
human placental growth factor was determined by ELISA. One mg/mL
or 100 ng per well of each protein was directly immobilized in a
96-well MaxiSorp plate (Nunc; 430341) and blocked with 250 mL block-
ing buffer. Serial dilutions of test articles were prepared in assay
buffer. Bound test articles were detected using biotinylated anti-VHH

1A4 antibody followed by ExtrAvidin-HRP for detection. Positive con-
trols were bevacizumab detected by an HRP-conjugated anti-human
Fc antibody for binding to VEGF165 and VEGF121, the mouse cross-
reactive VEGF-specific monoclonal antibody B20-4.1 for mouse
VEGF164 and rat VEGF164, the corresponding ligand receptors hu-
man VEGFR1-Fc for human placental growth factor and human
VEGF-B, human VEGFR2-Fc for human VEGF-C and human
VEGFR2-Fc, and anti-human VEGF-D monoclonal antibody for hu-
man VEGF-D. An irrelevant VHH served as a negative control.

Inhibition of VEGF-Mediated Phosphorylation of ERK.
Serum-starved HUVECs were stimulated in the absence or presence
of BI 836880 or bevacizumab with VEGF165 in the absence or pres-
ence of human serum albumin (HSA) for 5 minutes. Cells were fixed
with 4% formaldehyde and blocked with 150 mL milk powder solution.
ERK phosphorylation levels were measured by ELISA using a phos-
pho-ERK-specific primary antibody and an anti-mouse HRP- or AP-
conjugated secondary antibody.
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Inhibition of VEGF-Induced HUVEC Proliferation. Serum-
starved HUVECs were stimulated in the absence or presence of BI
836880 (0.04–10.42 nM) with 33 ng/mL VEGF165. After incubation
for 3 days in the absence or presence of HSA, proliferation rates were
measured by [3H]-thymidine incorporation. Briefly, [3H]-thymidine
was added, and cells were incubated for 24 hours at 37�C, followed by
an incubation at �20�C for 24 hours. Plates were thawed, cell frag-
ments were detached with trypsin, and [3H]-thymidine was measured
using a liquid scintillation counter (1450 Microbeta Wallac Trilux;
Perkin-Elmer).

Inhibition of ANG1/2-Mediated TIE2 Phosphorylation.
HEK293 cells transfected with human TIE2 were cultured in Poly-
D-lysine–coated 96-well plates and starved for 6 hours. Cells were
then stimulated in the absence or presence of BI 836880 with 2 mg/mL
ANG1 or ANG2 in the absence or presence of HSA for 15 minutes.
Cells were lysed, and TIE2 phosphorylation levels were measured by
ELISA using a plate-bound primary anti-TIE2 antibody and a second-
ary anti-phosphotyrosine HRP-conjugate 4G10 platinum.

Inhibition of Human ANG2-Mediated Effects on HUVEC
Survival. A cellular potency assay was established based on ANG2-
mediated HUVEC survival using impedance measurement on the
xCELLigence real-time cell analysis (RTCA) MP instrument (Roche).
HUVECs were seeded in an E-Plate 96 (Roche; 05232368001) at
25,000 cells per well (100 mL) in assay medium [EBM-2 plus 10% FBS
(Sigma; F7524; depleted from growth factors) plus 2% gentamycin (In-
vitrogen; 15750)]. Cells were incubated in the RTCA MP station for
24 hours, and impedance was measured every 15 minutes. After
24 hours, a dilution series of BI 836880, irrelevant VHH, and 750
ng/mL recombinant human ANG2 were added. HUVECs were cul-
tured for an additional 72 hours. Cell index values were calculated by
the RTCA software. Normalized cell index values (calculated at the
time point of competitor addition) were imported in GraphPad Prism
5.0, and concentration response curves were analyzed using a nonlin-
ear regression model [log(inhibitor) versus response].

In Vivo Efficacy of BI 836880 in Patient-Derived Xenograft
Models. All animal studies were approved by the corresponding in-
ternal ethics and local government committees. Group sizes in efficacy
studies were selected after performing a power analysis. Tumor xeno-
grafts used are detailed in Supplemental Table 1. Patient-derived hu-
man xenograft studies were performed at Charles River (former
“Oncotest GmbH,” Freiburg, Germany) and were approved by the lo-
cal authorities (Regierungspr€asidium Freiburg).

The tumor fragments were directly implanted into female NMRI-
Foxn1nu mice (bred and purchased from Charles River, Sulzfeld, Ger-
many). Once tumors had reached a volume of 50–250 mm3, mice were
randomized to treatment (10 mice per treatment group). Tumor-bear-
ing mice were treated twice weekly intraperitoneally with BI 836880
(13.7 mg/kg), bevacizumab (15 mg/kg), AMG386 (15 mg/kg), or vehicle
control at (100 mL per mouse) throughout the whole experiment (2.5–9
weeks). Tumor volumes were determined twice weekly using a caliper,
and body weight was measured twice weekly as an indication of toler-
ability. Mice were checked daily for their well-being. Animals were
sacrificed at the end of the study or when their tumors reached a vol-
ume of 1500 mm3. Animals with necrosis at the tumor with a diame-
ter of $8 mm, tumor ulceration, or body weight loss of >20% were
euthanized for ethical reasons. For animals that were euthanized
prior to the end of the experiment, the last tumor volume measure-
ment was carried forward until the last day of the study, provided
that at least 70% of the group was still alive. Tumor growth inhibition
(TGI) was calculated with the equation [1-((treated(final) – treated
(day1 treatment))/(control(final) – control(day1))] × 100%. TGI < 100%
describes reduced tumor growth compared with the control group, and
>100% describes tumor regression.

In Vivo Efficacy of BI 836880 in Combination with RMP1-
14 and Vatalanib in LL/2 Tumor Model. Syngeneic experiments
were performed internally and were approved by the Austrian Author-
ity MA58 (Stadt Wien – Wasserrecht; license number GZ: 284638/
2014/10). Female C57BL/6NTac mice (Bred and purchased from

Taconic, Borup, Denmark) were engrafted subcutaneously with 50,000
murine LL/2 lung cancer cells diluted in 1:1 PBS and Matrigel includ-
ing 5% fetal calf serum. Randomization was performed 1 day after cell
inoculation based on body weight. Treatment was initiated on day 4
following tumor cell inoculation (10 mice per treatment group). Treat-
ment groups received RMP1-14 (10 mg/kg; twice weekly intraperitone-
ally), BI 836880 (15 mg/kg; twice weekly intraperitoneally), vatalanib
(100 mg/kg; once daily by oral gavage), or their combination. The con-
trol group was treated with 0.5% Natrosol (10 mL/kg; once daily
orally) and with 1× PBS (twice weekly intraperitoneally) to reflect the
same stress as in the treatment groups. The applied antibodies were
formulated in 1× PBS. Vatalanib was formulated in 0.5% Natrosol.
Tumor volumes were measured three times per week using a caliper.
Mice were treated from day 4 until day 30 unless they were eutha-
nized earlier due to reaching either a tumor size of 1500 mm3 or ne-
crosis at the tumor with a diameter of $8 mm. TGI was calculated as
described above to compare the treatment groups.

Assessment of Vessel Morphology and Numbers. A dedi-
cated biomarker experiment was performed using the murine LL/2
lung cancer model. On day 14, following tumor cell injection, female
mice were randomized by tumor size to treatment groups (two to three
mice per group; tumor size 81–249 mm3). Treatment groups received
RMP1-14 (10 mg/kg; twice weekly intraperitoneally), BI 836880 (15
mg/kg; twice weekly intraperitoneally), vatalanib (100 mg/kg; once
daily by oral gavage), or their combination. The control group was
treated with 0.5% Natrosol (10 mL/kg; once daily orally) and a rat
IgG2a control antibody at 10 mg/kg (twice weekly intraperitoneally).
Mice were treated for 11 days unless their tumor reached a size
of 1500 mm3 or there was necrosis at the tumor with a diameter of
$8 mm. On day 12, tumors were explanted, formalin fixed, and paraf-
fin embedded to analyze the effect of treatment on blood vessels and
proximity of CD3-positive cells to vessels. Formalin-fixed, paraffin-
embedded sections (2mm) of LL/2 were stained by immunohistochem-
istry for anti-CD31/Pecam-1 (rabbit anti-CD31; Cell Signaling 77699;
1:100) and anti-mouse CD3 (rabbit anti-CD3, Abcam ab16669; 1:100).

Briefly, slides were heated for 1 hour at 65�C and deparaffinized. An-
tigen retrieval was performed for 20 minutes with Vector H3300 in
an autoclave at 121�C/1bar. Subsequently, slides were treated for
5 minutes with 3% H2O2 diluted in PBS. Primary antibody (CD3) was
incubated for 30 minutes at room temperature and conjugated with
EnVision1 anti-rabbit (Dako #4003) and revealed by diaminobenzidine
solution. After applying Normal Horse Serum Blocking Solution for
20 minutes, a second primary antibody [PECAM1 (CD31)] was incu-
bated for 60 minutes at room temperature and conjugated with Imm-
PRESS-AP reagent rabbit for 30 minutes and Vector Red Substrate Kit.
After counterstaining with hematoxylin and mounting with coverslips,
slides were scanned with a Leica Scanner, and both markers were ana-
lyzed by the digital pathology software platform HALO2.0 (Indicalab).

Regions of interest were identified through a machine-learning ap-
proach. Nuclei were detected within these regions of interest and clas-
sified as positive or negative for CD3 staining based on a threshold set
as a constant across all tissue sections. CD31 staining was identified
as a region of interest and transformed in annotation. Negative IgG
controls were performed for each tissue section.

Nanostring. Total mRNA was isolated from fresh-frozen tumor
samples using Qiagen mRNA extraction kit, and subsequently, 100 ng
per samples were used for gene expression analysis using the
nCounter Mouse PanCancer immune Profiling Panel (NanoString) ac-
cording to the manufacture�rs protocol. The cartridges were scanned at
the most sensitive setting of 555 fields of view with a CDD camera us-
ing nCounter Digital Analyzer Version 3.1.0.1 (NanoString Technolo-
gies, Seattle WA). For the normalization of data and for pathway
scoring, the default options of nSolver Advanced Analysis Software
(NanoString Technologies) with geometric mean of the positive control
probes and geometric mean of the housekeeping probes were used.

Flow Cytometry. Tumor single-cell suspension was prepared us-
ing the tumor dissociation kit (Miltenyi, #130-096-730) according to the
manufacturer’s protocol with a gentleMACS Octo Dissociator. Red
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blood cells were removed by incubating the suspension with Ammo-
nium-Chloride-Pottasium lysis buffer (Thermo Fisher, #A1049201) for
1–2 minutes on ice, and DNA was additionally digested with 100 mg/ml
DNAse I (Sigma, #D4513-1VL) before staining. To exclude dead cells
during gating later on, cells were stained with fixable viability stain
700 (BD, #564997). Unspecific binding to Fc receptors was blocked by
incubating cells with TruStain fcX anti-mouse (clone 93, Biolegend,
#101320) prior to incubation with fluorophore-conjugated antibodies.
Cells were stained with the following antibodies: BUV395 anti-mouse
CD4 (Clone GK1.5, BD, #563790), FITC anti-mouse CD45 (Clone 30-
F11, Biolegend, #103108), PE-Cy5 anti-mouse CD8a (clone 53-6.7, Biol-
egend, #100710), PerCP-Cy5.5 anti-mouse CD11b (clone M1/70, Biole-
gend, #101228), BV711 anti-mouse NKp46 (clone 29A1.4, Biolegend,
#137621), and APC anti-mouse Foxp3 (clone FJK-16s, Thermo Fisher,
#17-5773-82). After staining for extracellular antigens, cells were fixed
and permeabilized with the Transcription Factor Buffer Set (BD,
#562574) according to the manufacturer’s protocol. Data acquisition was
performed using an LSR II Fortessa (BD) cytometer. Doublets were ex-
cluded during gating based on forward scatter (height) / forward scatter
(area) and side scatter (height) / side scatter (area) characteristics.

Statistical Analysis. To evaluate the statistical significance of
tumor inhibition in PDX models, a one-tailed nonparametric
Mann-Whitney-Wilcoxon U test was performed (Sachs, 1984),
based on the hypothesis that an effect would only be measurable
in one direction (i.e., on the expectation of tumor inhibition but
not tumor stimulation). In this study, the U test compared the in-
dividual TGI of two groups as measured by the absolute tumor
volume on each particular day (pairwise comparisons between
groups). Specifically, it was used to compare 1) the vehicle control
group with each of the test groups, 2) the BI 836880–treated
groups with the bevacizumab- and AMG386-treated groups, and
3) the groups receiving combination therapy with the groups
given the respective monotherapies.

Analysis was performed on specified days, usually the last day, on
which at least seven mice were still alive in the comparison groups. The
P values obtained from the U test were adjusted using the Bonferroni-
Holm correction (Holm, 1979). By convention, P values < 0.05 indicate
that the observed difference was statistically significant.

For comparison of anti-PD1 (RMP1-14) plus anti-VEGFR2 (vatala-
nib) treatment to BI 836880 plus anti-PD1 (RMP1-14) plus anti-
VEGFR2 (vatalanib) treatment, a repeated measurement mixed
model was used to analyze log-transformed tumor volumes over time.
The fixed effects treatment, day, and the interaction term “treatment
by day” were included in the statistical model. Estimated treatment
differences on the log scale were back-transferred to the original scale,
and the ratios with 0.95 confidence intervals were calculated up to
day 26. Due to the exploratory nature of this analysis, no adjustment
of the significance level a was performed.

Statistical analysis of flow cytometry data was conducted using one-
way ANOVA comparing the means of each treatment group with ev-
ery other group and corrected for multiple comparisons (Tukey). Indi-
cation of significance: ***P # 0.001, **P # 0.01, *P # 0.05, and P >

0.05 (not significant and not indicated).
Statistical calculations were performed using GraphPad Prism Bio-

analytic Software (version 9.3 for Windows; GraphPad Software) and
SAS (version 9.4; SAS Institute Inc.).

Results
BI 836880 Selectively Binds to Human VEGF-A and

ANG2. BI 836880 has high affinity for human VEGF165 (KD

1.4 nM), human serum albumin (KD 9 nM), and human ANG2
(KD 16 pM). BI 836880 binds human and cynomolgus
VEGF165 with similar affinities and is human/mouse/cyno-
molgus crossreactive for ANG2 binding (Supplemental Table 2).
BI 836880 does not bind to mouse or rat VEGF.

Binding is selective for human VEGF-A (EC50 1.4 nM for
VEGF165 and 2.3 nM for VEGF121); no binding to human
VEGF-B, human VEGF-C, or human VEGF-D could be de-
tected (Supplemental Table 2). BI 836880 shows selectivity to-
ward ANG2 binding as the nanobody potently inhibits and
fully blocks human ANG2 binding to TIE2, with an IC50 of 50
pM in the presence of HSA and 45 pM in the absence of HSA.
This is not the case for ANG1 binding (IC50 > 2 mM). The IC50

for the positive control, AMG386, against ANG1/TIE 2 is 25
nM (± 7 nM), confirming the crossreactivity of AMG386 to
ANG1 (Coxon et al., 2010).
BI 836880 Inhibits Signaling downstream of VEGF

and ANG2 and Inhibits Endothelial Cell Proliferation
and Survival. VEGF binding to its receptors leads to the ac-
tivation of several intracellular signaling pathways, including
the phosphorylation of ERK. Dose-dependent ERK phosphory-
lation can readily be detected in HUVECs upon VEGF stimu-
lation (Fig. 1A). Treatment of VEGF-stimulated HUVECs
with BI 836880 resulted in inhibition of ERK phosphorylation
by 93 ± 2% with IC50 at 1.1 ± 0.3 nM in the absence of HSA
(Fig. 1B), and by 84 ± 5% in the presence of HSA with IC50 at
a concentration of 1.4 ± 0.2 nM (data not shown). In compari-
son, bevacizumab showed 99 ± 1% inhibition of ERK phos-
phorylation with IC50 at 1.6 ± 0.3 nM in the absence of HSA
(Fig. 1B) and by 94 ± 3% in the presence of HSA with IC50

1.7 ± 0.1 nM (data not shown). In addition, VEGF-A acts as an
endothelial cell–specific mitogen. BI 836880 potently inhibited
VEGF-induced HUVEC proliferation by 84 ± 8% with an IC50

of 0.8 ± 0.14 nM in the absence of HSA (Fig. 1C) and by 93 ±
5% in the presence of HSA, with an IC50 of 0.6 ± 0.09 nM
(data not shown).
Binding of the ligands ANG2 or ANG1 to the TIE2 receptor

results in receptor phosphorylation. BI 836880 fully inhibited
ANG2-induced TIE2 phosphorylation in the presence of HSA
(IC50 3.2 ± 2.3 nM) as well as in the absence of HSA (IC50

1.3 ± 1.3 nM) in HEK293 cells overexpressing human TIE2
(Fig. 2A). However, TIE2 phosphorylation induced by ANG1
was not inhibited by BI 836880 (Fig. 2B). ANG2 is a prosur-
vival factor for endothelial cells, and BI 836880 completely in-
hibited ANG2-induced survival of HUVECs (IC50 1.9 ± 0.4
nM; Fig. 2C).
BI 836880 Shows in Vivo Efficacy in Several

Patient-Derived Xenograft Models. BI 836880 exhibited
significant antitumor efficacy in a range of patient-derived xe-
nograft models, including pancreatic cancer (PAXF 546, PAXF
736, and PAXF 1872), non–small cell lung cancer (LXFE 211
and LXFE 1422), renal cell cancer (RXF 631 and RXF 1220),
breast cancer (MAXF 401 and MAXF 1322), ovarian cancer
(OVXF 1353), and colon cancer (CXF 243; Table 1 and
Supplemental Table 1). TGI following BI 836880 treatment
ranged from 51% (RXF 1220) to 92% (MAXF 401). In gen-
eral, no loss of body weight or deaths were observed. Ex-
ceptions were the cachexia-inducing tumor xenograft
model RXF 1220 and the LXFE211 model, for which con-
trol and bevacizumab treatment led to reduced body
weights (Supplemental Fig. 1). BI 836880 showed signifi-
cantly greater TGI compared with inhibition of VEGF-A
alone (bevacizumab) in seven out of eleven tumor xenograft
models tested (PAXF 546, PAXF 736, PAXF 1872, LXFE 211,
LXFE 1422, RXF 1220, and MAXF 1322; Table 1). TGI follow-
ing BI 836880 treatment was significantly greater than that
observed with the ANG1/ANG2-inhibiting molecule AMG386
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in two models (PAXF 546, LXFE 1422; Table 1 and Fig. 3) and
showed a trend toward increased TGI in several other models
(Table 1).
Combining VEGF/ANG2 Inhibition with PD-1 Inhi-

bition Improves in Vivo Antitumor Efficacy. To test
the combination of BI 836880 with an anti–PD-1 in a synge-
neic mouse tumor model with a functional immune system,
we used BI 836880 as an ANG2 antagonist; however, it could
not be used as a VEGF inhibitor because of its low crossreac-
tivity to mouse VEGF. Due to the toxicities observed upon ad-
ministering three antibodies in combination (murine anti-
VEGF antibody B20, anti–PD-1 antibody RMP1-14, and BI
836880), we replaced the anti-VEGF antibody with vatalanib,
the most specific VEGFR2 small-molecule inhibitor available
(Wood et al., 2000). Although vatalanib may be the most spe-
cific VEGFR2 inhibitor available, it is still a multikinase in-
hibitor with the potential to inhibit other VEGF receptors
(VEGFR1 and VEGFR3), as well as platelet-derived growth
factor receptor and c-Kit. In the LL/2 syngeneic tumor model,
treatment with RMP1-14 (murine anti-PD-1 monoclonal anti-
body), BI 836880 (ANG2 inhibitor), and vatalanib (VEGFR2
inhibitor) alone resulted in TGI values of 22%, 27%, and 43%,
respectively (Fig. 4, A–C). The combination of RMP1-14 with
vatalanib resulted in a significantly increased antitumor effect
compared with either monotherapy, with TGI of 73% (P 5
0.0056 for RMP1-14 versus RMP1-14 plus vatalanib, and P 5
0.0056 for vatalanib versus RMP1-14 plus vatalanib; Fig. 4D).
Combination of RMP1-14 with BI 836880 (ANG2 inhibition
only) resulted in a TGI of 48% compared with control (Fig.
4E). Similarly, combining RMP1-14 with vatalanib increased
the time until tumors were larger than 500 mm3 (Fig. 4G).
The addition of BI 836880 (anti-ANG2) did not significantly
improve TGI versus RMP1-14 plus vatalanib (80% versus
73%; P 5 0.138; Fig. 4F); however, on day 26, tumor volumes
were reduced by 17% compared with treatment with vatalanib
plus RMP1-14 (P 5 0.056, one-sided), indicative of an addi-
tional benefit from ANG2 inhibition (Supplemental Table 3).
In addition, there was a further increase in time for tumors to
reach a size of 500 mm3 (Fig. 4G).
Combining BI 836880 with PD-1 Inhibition Affects

Vessel Morphology and Reduces Endothelial Vessel
Numbers. Immunohistochemistry analysis showed that the
combination of VEGFR2 and ANG2 inhibition, as well as the
triple combination of ANG2, VEGFR2, and PD-1 inhibition,
had a strong effect on vessel morphology (Fig. 5A). Morpho-
logic assessment of CD31 expression on endothelial cells
showed a reduction of endothelial immature vessel numbers
with ANG2 and VEGFR inhibition (with or without PD-1 inhi-
bition) versus control (Fig. 5B). In addition, we observed a
trend towards an increase of CD3-positive T-cell density after
combined VEGFR2, ANG2, and PD-1 inhibition (Fig. 5C).
mRNA expression analysis using the nCounter Mouse Pan-
Cancer Immune Profiling Panel (NanoString) showed a de-
crease of CD31 expression after combined inhibition of ANG2

Fig. 1. BI 836880 inhibits VEGF signaling and endothelial cell prolifer-
ation. (A) Serum-starved HUVECs were stimulated with VEGF165
(0–100 ng/mL) for 5 minutes. Cells were fixed, and phospho-ERK was
measured by ELISA using an anti-HRP secondary antibody. VEGF165
treatment led to a dose-dependent increase of ERK phosphorylation.
The data shown represents mean ± S.E.M. of three biologic replicates.
(B) Serum-starved HUVECs were stimulated in the absence or pres-
ence of BI 836880 (0.16–20 nM) or bevacizumab (0.63–20 nM) with
VEGF165 (10 ng/mL) for 5 minutes in the absence of HSA. Cells were
fixed, and phospho-ERK was measured by ELISA using an anti-AP sec-
ondary antibody. The data shown represents mean ± S.E.M. of two

biologic replicates. BI 836880 and bevacizumab inhibited ERK phos-
phorylation. (C) Serum-starved HUVECs were stimulated in the ab-
sence or presence of BI 836880 (0.04–10.42 nM) with VEGF165 (33 ng/
mL) in the absence of HSA for 3 days. The data shown represents
mean ± S.E.M. of two biologic replicates. BI 836880 inhibited VEGF-in-
duced HUVEC proliferation.
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and VEGFR (with or without PD-1 inhibition; Fig. 5D). Path-
way scoring using nSolver Advances Analysis Software (Nano-
String) (log2) detected the chemokine (n 5 85 genes) and

cytokine receptor (n 5 192 genes) pathway as highly increased
following ANG2 and VEGFR inhibition, with or without PD-1
inhibition (Fig. 5, E and F). Ten genes (Cxcl2, Cxcl3, Cxcr2,
Lcn2, S100a8, Cd276, Cx3cr1, Cxcl9, Itga4, and Ly86) were
found to be the most significantly deregulated genes. To eluci-
date treatment effects on tumor-infiltrating T lymphocyte sub-
sets in more detail, LL/2 tumor cell suspensions were
analyzed by flow cytometry. Inhibition of PD-1 led to a
�threefold increase of CD8a1 cells among all T cells, whereas
the increase due to inhibition of VEGFR2 and the combined
inhibition of PD-1, VEGFR2, and ANG2 was �twofold. The ef-
fects on the proportion of CD41 T cells were less pronounced
across all treatment groups (Fig. 6, A and B). The ratio of
CD8a1/CD41 among all infiltrating immune cells confirmed
the shift in the T-cell composition towards an increase in
CD8a1 cells (Fig. 6C). Importantly, the relative abundance of
Foxp31 regulatory T cells among all CD41 T cells was stable
across all treatment groups (Fig. 6D).

Discussion
In vitro, BI 836880 potently and selectively neutralized

VEGF-A. BI 836880 blocked ERK phosphorylation, indicating
inhibition of VEGF downstream signaling, and impaired
HUVEC proliferation. BI 836880 also inhibited signaling
downstream of ANG2 receptor binding and stimulation, lead-
ing to a decrease in endothelial cell survival. Readouts were
chosen to best reflect the physiologic roles of VEGF and ANG2
in endothelial cells, with a proliferation readout for VEGF and
a survival readout for ANG2. In addition, ANG2 signaling was
investigated using HEK293 cells overexpressing TIE2. ANG2
treatment of these cells resulted in increased phosphorylation
of TIE2, indicating an agonistic effect of ANG2. ANG2 is
mainly described as an ANG1 antagonist (Gerald et al., 2013);
however, ANG2 can act as a partial TIE2 agonist under cer-
tain conditions (Gale et al., 2002; Coffelt et al., 2010). Recent
data suggest that ANG2 might act as a TIE2 agonist in the
absence of TIE1 (Seegar et al., 2010). In HEK293 cells overex-
pressing TIE2, we have shifted the balance between TIE1 and
TIE2, and this might favor TIE2 agonism.
In vivo, BI 836880 inhibited angiogenesis and showed supe-

rior activity to bevacizumab or AMG386 alone in a broad
range of patient-derived xenograft models. TGI by BI 836880
was significantly stronger in seven of the eleven models tested
compared with VEGF inhibition alone. This demonstrates
that the addition of ANG2 inhibition to interruption of the
VEGF pathway in these murine tumor models has a potential
therapeutic advantage. A study by Schiffmann et al. (2019)
showed that dual targeting of VEGF and ANG2 resulted in
increased vascular normalization compared with single-
agent treatment, for instance in terms of vessel leakiness
and hypoxia. The authors also observed improved endothe-
lial integrity, such as increased pericyte coverage and re-
duced permeability.
In our study, TGI by BI 836880 varied between the patient-

derived xenograft models with values between 92% and 51%.
There was no correlation based on cancer type or genotype.
Reasons for the differences between models could be due to
differences in vessel density, the ratio between mature and im-
mature vessels, or in the sensitivity of the tumors to tolerate
hypoxia. Interestingly, Schiffmann et al. (2019) observed a cor-
relation between the presence of CD1771 neutrophils and

Fig. 2. BI 836880 inhibits ANG2 but not ANG1 signaling. (A) HEK293 cells
transfected with human TIE2 were stimulated in the absence or presence of
BI 836880 with 2 mg/mL ANG2 in the absence of HSA for 15 minutes. The
data shown represents mean ± S.E.M. of two biological replicates. BI 836880
inhibited ANG2-induced TIE2 phosphorylation. (B) HEK293 cells transfected
with human TIE2 were stimulated in the absence or presence of BI 836880
with 2 mg/mL ANG1 in the absence of HSA for 15 minutes. The data shown
represents mean ± S.E.M. of two biological replicates. BI 836880 did not in-
hibit ANG1-induced TIE2 phosphorylation levels. (C) HUVECs were incu-
bated with a dilution series of BI 836880, an irrelevant VHH, and
recombinant human ANG2 (750 ng/mL). BI 836880 inhibited ANG2-induced
HUVEC survival. hAng2, human ANG2; pTIE2, TIE2 phosphorylation.
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reduced survival of colorectal cancer patients after bevaciz-
umab treatment. Treatment of the VEGF-resistant Lewis
lung carcinoma mouse tumor model with BI 836880 and
an antibody against murine VEGF (B20) led to tumor growth
inhibition. Similar results were obtained by VEGF inhibition
combined with the depletion of tumor-infiltrating neutrophils.
This indicates that neutrophils might mediate VEGF resis-
tance and that BI 836880 treatment might be able to restore
sensitivity toward VEGF inhibition. Thus, it is possible that
the differences in sensitivity toward BI 836880 might be
linked to differences in neutrophil content of the tumors.
Our findings are consistent with those observed with the

bispecific VEGF-A/ANG2 CrossMab antibody vanucizumab,
which has demonstrated strong antitumor efficacy in human
tumor xenografts and a chemo-resistant colorectal carcinoma
model, as well as inhibition of angiogenesis and enhanced ves-
sel maturation (Kienast et al., 2013; Mueller et al., 2019). Al-
though these studies demonstrate the potential value of
combined VEGF/ANG2 inhibition, they have not yet been
translated into clinical success. Vanucizumab monotherapy
showed evidence of antitumor activity in a phase I study of pa-
tients with advanced solid tumors (Hidalgo et al., 2018). How-
ever, in the phase II McCAVE study, it did not improve
efficacy versus bevacizumab when combined with modified
FOLFOX-6 in patients with metastatic colorectal carcinoma
(Bendell et al., 2020). It remains to be seen whether the
smaller size of the BI 836880 nanobody could offer advantages
over larger, full-size antibodies, such as vanucizumab, particu-
larly in facilitating greater tumor penetration and drug avail-
ability in the target tissue.
Reflecting the relative novelty of the technology, only a

few therapeutic nanobodies have entered clinical trials to
date. Caplacizumab, an anti-von Willebrand factor nano-
body, showed promise for the treatment of acquired
thrombotic thrombocytopenic purpura in a double-blind,
controlled trial (Scully et al., 2019). In addition, vobarili-
zumab, an anti–interleukin-6 receptor nanobody, showed
promising results in a phase I/II study for the treatment
of rheumatoid arthritis (Kim et al., 2015). This suggests
that nanobody molecules are suitable for use in humans
and are able to modify human disease.

As hypothesized, our results showed that combining PD-1
inhibition with VEGF inhibition resulted in superior antitu-
mor activity in an LL/2 tumor model compared with inhibition
of either pathway alone. VEGF/ANG2 inhibition, with or with-
out PD-1 inhibition, also had a strong effect on vessel morphol-
ogy and reduced vessel numbers compared with control
treatment. This is consistent with other preclinical data show-
ing that the blockade of PD-1 and VEGFR2 significantly

TABLE 1
In vivo efficacy of BI 836880, bevacizumab, and AMG386 in patient-derived xenograft models
Patient-derived human xenografts (genotype information in Supplemental Table 1) were directly implanted into female NMRI-Foxn1nu mice.
Once tumors had reached a volume of 50–250 mm3, mice (10 per treatment group) were randomized to twice weekly treatment with BI 836880
(13.7 mg/kg), bevacizumab (15 mg/kg), AMG386 (15 mg/kg), or vehicle control (100 mL per mouse) for 2.5–9 weeks. Tumor volumes were deter-
mined twice weekly. A one-tailed nonparametric Mann-Whitney-Wilcoxon U test was performed to compare tumor growth inhibition. P values
were adjusted using the Bonferroni-Holm correction.

Tumor Growth Inhibition (%) P Value

Indication Model Bevacizumab AMG386 BI 836880 BI 836880 Versus bevacizumab BI 836880 Versus AMG386

Pancreas PAXF 546 59 50 87 0.0216* 0.0114*
PAXF 736 25 52 64 0.0044* 0.2345
PAXF 1872 13 62 57 0.0105* 1.0000

Lung LXFE 211 37 58 72 0.0004* 0.0716
LXFE 1422 63 64 84 0.0146* 0.0146*

Renal RXF 631 51 50 63 0.2176 0.2176
RXF 1220 10 20 51 0.0304* 0.1388

Breast MAXF 401 68 54 92 0.0630 0.0630
MAXF 1322 31 52 70 0.0090* 0.3697

Ovary OVXF 1353 47 65 71 0.3526 0.3526
Colon CXF 243 58 56 73 0.3526 0.3526

*P values # 0.05 were considered statistically significant.

Fig. 3. BI 836880 induces tumor growth delay in patient-derived xeno-
graft models. Female NMRI-Foxn1nu mice bearing PAXF 546 (A) or
LXFE 1422 (B) tumors were treated twice weekly with BI 836880 (13.7
mg/kg), bevacizumab (15 mg/kg), AMG 386 (15 mg/kg), or vehicle con-
trol (100 mL/mouse) for 2.5–9 weeks. Tumor volumes were determined
twice weekly. Average tumor volumes are shown (± S.E.M.).
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inhibited tumor growth compared with each monoclonal anti-
body alone (Yasuda et al., 2013). In this murine cancer model,
VEGFR2 blockade inhibited tumor microvessel development
whereas PD-1 blockade enhanced T-cell recruitment into tu-
mors and activated local immunity. The authors hypothesized
that anti-angiogenic treatment enabled the normalization of
tumor vessels, thus restoring blood flow and improving the

transportation of anticancer drugs (anti-PD-1) to the tumors
(Yasuda et al., 2013). Furthermore, PD-L1 has previously
been shown to be upregulated during anti-VEGF treatment,
and combined VEGFR2/PD-L1 inhibition was associated with
improved tumor response and higher T-cell infiltration com-
pared with VEGFR2 and PD-L1 inhibition alone (Allen et al.,
2017).

Fig. 4. Combining VEGF/ANG2 inhibition with PD-1 inhibition improves in vivo efficacy. Female C57BL/6NTac mice bearing LL/2 lung cancer tu-
mors were treated with RMP1-14 (anti-PD-1 antibody; 10 mg/kg; twice weekly intraperitoneally), vatalanib (anti-VEGFR2 small molecule inhibi-
tor; 100 mg/kg; once daily by oral gavage), BI 836880 (used as anti-mouse ANG2 nanobody; 15 mg/kg; twice weekly intraperitoneally), or their
combination. The control group was treated with 0.5% Natrosol (10 mL/kg; once daily orally) and with 1× PBS (twice weekly intraperitoneally).
Mice (10 per treatment group) were treated from day 4 following tumor cell inoculation until day 30. Tumor volumes were determined three times
per week and are shown for each animal (A–F). (G) A Kaplan-Meier curve for tumors reaching a volume of >500 m3 by treatment group.
*Significantly different to TGI with anti–PD-1 alone (P 5 0.0056) and with anti-VEGFR2 alone (P 5 0.0056).
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Fig. 5. ANG2 and VEGFR2 inhibition induces a reduction in endothelial vessel numbers. Formalin-fixed, paraffin-embedded sections of LL/2 tu-
mors from mice treated in a dedicated biomarker experiment for 11 days with RMP1-14 (anti–PD-1), vatalanib (anti-VEGFR2), and BI 836880
(anti-ANG2) were stained by immunohistochemistry for anti-PECAm-1 [anti-CD31 (A)]. Scale bar, 100 mm. Endothelial vessel numbers were re-
duced with ANG2 and VEGFR2 inhibition (with or without PD-1 inhibition); shown are the mean vessel numbers ± standard deviation (B). CD3-
positive T-cell density was increased after combined VEGFR2, ANG2, and PD-1 inhibition; shown is the T-cell density of replicates as well as
mean T-cell density ± standard deviation (C). Tumor samples were analyzed for CD31 mRNA (nCounter, NanoString); shown is mean ± standard
deviation (D). Tumor samples were analyzed in nSolver (NanoString) for chemokine (E) or cytokine pathway (F).
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We hypothesized that the addition of ANG2 inhibition to
VEGF and PD-1 inhibition could further improve antitumor
activity in vivo by improving vessel normalization and thus
facilitating the delivery of anti-PD-1 antibodies to the tu-
mor as well as removing potential barriers to effector

T cells. BI 836880 has previously been shown to reduce
microvessel density and intratumoral hypoxia in tumor
xenografts (Schiffmann et al., 2019). Our data showed a
trend toward vessel normalization and reduced tumor vol-
umes, as well as an increase in time for tumors to reach a

Fig. 6. PD-1 and VEGFR2 inhibition change tumor infiltrating T lymphocyte composition. Tumor single-cell suspensions derived from mice
treated for 11 days with indicated combinations of RMP1-14 (anti–PD-1), vatalanib (anti-VEGFR2), and BI 836880 (anti-ANG2) were analyzed by
flow cytometry. Representative flow plots of CD41 and CD8a1 T cells (subgated for living CD451CD11b�NKp46�Thy1.21cells). Numbers in the
respective gates show frequency of the parent population (A). Plots showing frequencies of CD8a1 (left) and CD41 (right) T cells as the percentage
of parent population (B). Ratio of fraction of CD8a1/CD41 of CD451 cells (C). Foxp31 regulatory T cells as the percentage of all CD41 T cells (D).
(B), (C), and (D) show individual samples, whereas the bar and plunger indicate mean 1 S.D. n 5 6 in each treatment group; samples with fewer
than 30 events recorded in the CD8a1 gate were excluded from analysis.

340 Hofmann et al.

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


size of 500 mm3 for the triple combination versus anti-PD-1
plus anti-VEGFR2 inhibition. Evaluation of CD3-positive
T cells also showed a trend towards an increased density of
this cell population after treatment with the triple combina-
tion, compared with single- and double-agent treatments.
Within the tumor-infiltrating T-cell lymphocyte pool, we ob-
served a favorable shift towards increased proportions of
CD8a1 T cells in treatment groups of PD-1 and VEGFR2 sin-
gle inhibition and in the combination group with PD-1,
VEGFR2, and ANG2 inhibition. We hypothesize that the effi-
cacy is driven by improved infiltration of CD3-positive T cells
into the tumor and an augmented antitumor immunity due to
an increased CD8a1 T lymphocyte fraction.
BI 836880 has low crossreactivity to mouse VEGF. We

therefore chose vatalanib as VEGFR2 inhibitor in the synge-
neic LL/2 tumor model. Vatalanib has strong inhibitory activ-
ity toward VEGFR2 (IC50 value of 37 nM) and VEGFR1 (IC50

value of 77 nM). BI 836880 targets VEGF-A, the ligand of
VEGFR1 and VEGFR2. Activity of vatalanib towards addi-
tional targets is lower, with inhibition of FLK1 with an IC50 of
270 nM, VEGFR3 with an IC50 of 660 nM, PDGFR with an
IC50 of 580 nM, and c-Kit with an IC50 of 730 nM. One addi-
tional point to consider is that these experiments were con-
ducted in only one tumor model: the LL/2 syngeneic tumor
model. It is possible that evaluating other tumor models
with different biology may better elucidate the relative
contribution of VEGF and ANG2 signaling in combination
with anti-PD-1 treatment. To this end, a combination of BI
836880 and ezabenlimab (BI 745091, an anti-PD-1 inhibitor)
is currently under clinical investigation in different tumor
types (#NCT03468426, #NCT03697304, and #NCT03972150).
Promising clinical activity was observed in patients with hepa-
tocellular carcinoma (complete response in 1/29 patients and
partial response in 11/29 patients), SCLC (partial response in
5/26 patients), and glioblastoma (partial response in 6/30 pa-
tients) (Girard et al., 2021).
Clinical data supports the combination of VEGF blockade

with immune checkpoint inhibition, with clinical benefit ob-
served in several tumor types. For example, a phase III trial
showed that the combination of atezolizumab and bevacizu-
mab resulted in prolonged overall survival and progression-
free survival versus sorafenib in patients with unresectable
hepatocellular carcinoma (Finn et al., 2020). The addition of
atezolizumab to bevacizumab and chemotherapy also signifi-
cantly improved overall survival and progression-free survival
as a first-line treatment of metastatic nonsquamous NSCLC
(Socinski et al., 2018). The addition of VEGF/ANG2 inhibition
to PD-L1 inhibition has also been assessed clinically. The com-
bination of vanucizumab with atezolizumab was evaluated in
a single-arm extension of a phase I study in 17 patients with
platinum-resistant recurrent ovarian cancer; however, results
from this small study did not suggest any benefits from com-
bining VEGF/ANG2 inhibition with PD-L1 blockade in this in-
dication (Oaknin et al., 2017).
In summary, BI 836880 is a novel agent that selectively and

potently binds to VEGF and ANG2. We showed that combining
VEGF and ANG2 inhibition resulted in improved antitumor ac-
tivity versus inhibition of either pathway alone. Our preclinical
data also supports the rationale for the combination of VEGF/
ANG2 inhibition with an anti-PD-1 antibody. BI 836880 is
currently under investigation in several phase I and phase
II clinical trials as monotherapy (#NCT02674152 and

#NCT02689505) and in combination with ezabenlimab
(#NCT03468426, #NCT03697304, and #NCT03972150).
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