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Hereditary hemorrhagic telangiectasia (HHT, Osler-Weber-Rendu
disease) is a rare multisystem vascular disorder that causes chronic
gastrointestinal bleeding, epistaxis, and severe anemia.

Bevacizumab, an anti-vascular endothelial growth factor antibody, may be
effective to treat bleeding in HHT. This international, multicenter, retro-
spective study evaluated the use of systemic bevacizumab to treat HHT-
associated bleeding and anemia at 12 HHT treatment centers. Hemoglobin,
Epistaxis Severity Score (ESS), red cell units transfused, and intravenous
iron infusions before and after treatment were evaluated using paired
means testing and mixed-effects linear models. Bevacizumab was given to
238 HHT patients for a median of 12 (range, 1-96) months. Compared with
pretreatment, bevacizumab increased mean hemoglobin by 3.2 g/dL (95%
confidence interval: 2.9-3.5 g/dL); i.e., from a mean hemoglobin of 8.6 (8.5-
8.8) g/dL to 11.8 (11.5-12.1) g/dL; P<0.0001) and decreased the ESS by 3.4
(3.2-3.7) points (mean ESS 6.8 [6.6-7.1] versus 3.4 [3.2-3.7]; P<0.0001) during
the first year of treatment. Compared with 6 months before treatment, the
number of red blood cell units transfused decreased by 82% (median of 6.0
[interquartile range, 0.0-13.0] units versus 0 [0.0-1.0] units; P<0.0001) and
iron infusions decreased by 70% (median of 6.0 [1.0-18.0] infusions versus
1.0 [0.0-4.0] infusions, P<0.0001) during the first 6 months of bevacizumab
treatment. Outcomes were similar regardless of the underlying pathogenic
mutation. Following initial induction infusions, continuous/scheduled
bevacizumab maintenance achieved higher hemoglobin and lower ESS
than intermittent/as-needed maintenance but with more drug exposure.
Bevacizumab was well tolerated: hypertension, fatigue, and proteinuria
were the most common adverse events. Venous thromboembolism
occurred in 2% of patients. In conclusion, systemic bevacizumab was safe
and effective for managing chronic bleeding and anemia in HHT.
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ABSTRACT



Introduction

Hereditary hemorrhagic telangiectasia (HHT, Osler-
Weber-Rendu disease) is an autosomal dominant multi-
system disease of disordered angiogenesis.1 It occurs due
to mutations in genes encoding proteins that mediate sig-
naling via the transforming growth factor-b superfamily.2
The vast majority of patients with HHT have mutations
in endoglin (ENG) or activin receptor-like kinase 1
(ACVRL1/ALK1), resulting in angiogenic dysregulation,
formation of telangiectasias on mucocutaneous surfaces,
local hyperfibrinolysis within telangiectasias, and devel-
opment of arteriovenous malformations in visceral
organs.3-5 Fragile mucocutaneous telangiectasias in the
nasal mucosa (>95% of patients) and throughout the gas-
trointestinal tract (75% of patients) lead to severe, recur-
rent epistaxis and chronic gastrointestinal bleeding, with
consequent severe iron deficiency anemia that is often
transfusion-dependent.6-8 Severe recurrent epistaxis,
which may last for hours per day, also results in psy-
chosocial morbidity, social isolation, and challenges with
employment, travel, and routine daily activities.9 Visceral
arteriovenous malformations may involve the liver, lung,
and central nervous system and can result in severe com-
plications including high-output cardiac failure, liver fail-
ure, pulmonary hemorrhage, stroke and intracerebral
hemorrhage.10 Thus, chronic bleeding and visceral arteri-
ovenous malformations in HHT are associated with con-
siderable morbidity and mortality.10,11
With a prevalence of one case in 5,000 people, HHT is

classified as a rare bleeding disorder by the Centers for
Disease Control and Prevention, but is actually the sec-
ond most common hereditary bleeding disorder in the
USA and worldwide (following only von Willebrand dis-
ease in prevalence). Despite this, there are no United
States Food and Drug Administration or European
Medicines Agency-approved treatments for HHT-associ-
ated bleeding. The current standard of care for bleeding in
HHT includes supportive red blood cell (RBC) transfusion
and intravenous iron infusion to treat anemia and local
nasal and endoscopic hemostatic procedures to reduce
bleeding symptoms. Systemic non-specific hemostatic
therapies, such as antifibrinolytic agents, are of limited
benefit.12 Most importantly, none of these modalities
addresses the underlying pro-angiogenic pathophysiolo-
gy, and the natural history of HHT in many patients is of
unremitting telangiectasia formation and progressively
worsening bleeding over the lifespan.9,13-15
Although several angiogenic proteins are dysregulated

in HHT,5,16 the raised level of vascular endothelial growth
factor (VEGF)17 is of particular clinical interest due to the
availability of targeted anti-VEGF agents. Bevacizumab
(Avastin®), a recombinant, humanized monoclonal IgG1
antibody that binds to and neutralizes circulating VEGF, is
one such agent and is widely used to treat malignancies
and age-related macular degeneration.18,19 After promising
case reports were published describing successful use of
systemic bevacizumab to manage bleeding and anemia in
HHT,20-22 several HHT Centers of Excellence worldwide
began using this agent off-label to treat HHT patients,
given the profound unmet clinical need. Currently, data
describing effectiveness and safety of systemic beva-
cizumab to treat chronic bleeding and anemia in HHT is
limited to case reports and small, retrospective, single-
center case series.23-28 The International HHT Intravenous

Bevacizumab Investigative Team study of Bleeding
(InHIBIT-Bleed) was therefore designed as an internation-
al collaboration of 12 HHT centers seeking to better
define the safety and effectiveness of systemic beva-
cizumab in the treatment of moderate-to-severe HHT-
associated bleeding. 

Methods

Patients and data collection
This study was approved by the Institutional Review Board of

Partners Healthcare (approval 2016P002753/PHS). Nine centers
in the USA and one center each in Argentina, Israel, and France
participated in the study. All patients aged >18 years treated
with systemic (intravenous) bevacizumab for HHT-associated
bleeding (epistaxis, gastrointestinal bleeding, or both) from
January 1, 2011 until May 1, 2019 were identified at each partic-
ipating institution. General criteria used by centers to offer sys-
temic bevacizumab for HHT-associated bleeding are detailed in
Online Supplementary Table S1. Additional data collection infor-
mation is given in the Online Supplementary Methods. 

Effectiveness measures
Hemoglobin
Anemia was defined as a baseline hemoglobin (Hb) <11 g/dL

regardless of gender. Baseline hemoglobin was calculated as the
average of all measured hemoglobin values in the 6 months prior
to bevacizumab initiation (at least 2 values required) and com-
pared with mean on-treatment hemoglobin (mean of values col-
lected at 3, 6, 9, and 12 months depending on treatment dura-
tion).

Epistaxis Severity Score
Background information regarding the Epistaxis Severity

Score (ESS) is provided in the Online Supplementary Methods. The
baseline ESS at initiation of bevacizumab was compared with
the mean on-treatment ESS (mean of values collected at 3, 6, 9,
and 12 months depending on treatment duration). 

Red blood cell transfusion and iron infusion
The number of red blood cell (RBC) units transfused in the

first 6 months on treatment was compared with the number of
units transfused in the 6 months prior to treatment.
Additionally, events in the second 6 months on treatment were
compared with those in the first 6 months on treatment to eval-
uate ongoing response. The same analysis was performed for
the number of intravenous iron infusions administered.
To be included in effectiveness analyses, patients needed to

receive ≥3 months of treatment (Hb and ESS) or ≥6 months of
treatment (RBC transfusion and iron infusion).

Subgroup analyses
Subgroup analyses for each effectiveness outcome were per-

formed by genotype (ENG vs. ACVRL1 mutation) as well as by
maintenance dosing method (continuous vs. intermittent beva-
cizumab maintenance following an initial series of induction
infusions). 

Receipt of concurrent bleeding and anemia-directed
therapies
Rates of freedom from hemostatic procedures and medical

treatments (antifibrinolytic or erythropoiesis-stimulating agents)
in the year following bevacizumab initiation were calculated,
and effectiveness outcomes in patients who received these con-
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current HHT-directed therapies were compared to those in
patients who did not receive concurrent HHT-directed therapies.

Safety analysis
Treatment-emergent adverse events (TEAE) were defined

according to Common Terminology Criteria for Adverse Events
v. 5.0 (National Cancer Institute) and recorded. To evaluate any
impact of longer-term treatment on TEAE incidence, the number
of TEAE per patient in those treated for 2 years or longer was
compared with the number of TEAE per patient in those treated
for less than 2 years.

Statistical analysis
Baseline hemoglobin concentration and ESS were compared

with on-treatment mean values using the paired t-test.
Pretreatment RBC transfusion and iron infusion requirements
were compared with on-treatment values using the Wilcoxon
signed-rank test. To estimate the change in each outcome meas-
ure over time on treatment utilizing a method robust in the set-
ting of missing data, a mixed effects linear model with a random
intercept was also used for each outcome measure. Additional
details regarding statistics, including analysis of subgroups, are
detailed in the Online Supplementary Methods.

Results

Patients’ characteristics
Two hundred fifty-seven HHT patients were treated

with systemic bevacizumab for epistaxis, gastrointestinal
bleeding, or both for the purpose of alleviating bleeding
and consequent iron-deficiency anemia at the 12 partici-
pating centers during the study period. After 19 patients
had been excluded because of inadequate chart data
(missing baseline data or incomplete bevacizumab dosing
information), 238 patients were included in the data
analysis. Table 1 lists the patients’ baseline characteristics.
Patients were treated for a median of 12 (range, 1-96)
months, receiving a median of 11 (range, 1-74) infusions
of intravenous bevacizumab. This totaled 343.9 patient-
years of systemic bevacizumab treatment of HHT-associ-
ated bleeding in the cohort. 

Bevacizumab induction and maintenance dosing
Specific dosing protocols were institution-dependent.

Two hundred twenty-one patients (93%) began treat-
ment by receiving four to six induction infusions of beva-
cizumab 5 mg/kg administered every 2 weeks; 46 (19%)
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Table 1. Baseline characteristics of 238 patients with hereditary hemorrhagic telangiectasia treated with bevacizumab for chronic bleeding and
iron deficiency anemia. 
Characteristic                                                                                            Value

Age (years), mean (range)                                                                                          63 (29-91)
% Female                                                                                                                          62
% Definite HHT by Curaçao criteriaa                                                                          97
Genetic mutation (HHT subtype)a                                                                             ENG (HHT-1): 52 (22%)
                                                                                                                                             ACVRL1 (HHT-2): 92 (39%)
                                                                                                                                             SMAD4 (HHT-JPS): 4 (2%)
                                                                                                                                             Other pathogenic HHT mutation: 6 (3%)
                                                                                                                                             Mutation not identified: 4 (2%)
                                                                                                                                             Genetic testing not done: 80 (34%)
Baseline GI AVM and prior treatments                                                                     Known upper GI AVM: 148 (62%)
                                                                                                                                             Known lower GI AVM: 47 (20%)
                                                                                                                                             Received local endoscopic hemostatic treatments: 119 (50%)
Baseline comorbidities relevant to bevacizumab treatment                              Hypertension: 67 (29%)
                                                                                                                                             Chronic kidney disease: 14 (6%)
                                                                                                                                             Diabetes mellitus: 20 (9%)
                                                                                                                                             High-output heart failure: 32 (14%)
                                                                                                                                             Prior venous thromboembolism: 27 (11%)
Primary bleeding source                                                                                              Epistaxis: 99 (42%)
                                                                                                                                             GI bleeding: 46 (19%)
                                                                                                                                             Both epistaxis and GI bleeding: 93 (39%)
Mean baseline hemoglobin (95% CI)                                                                        Treated for anemia (baseline Hb <11) (N=197): 8.6 g/dL (8.4, 8.8)
                                                                                                                                             All patients (N=232): 9.1 g/dL (8.9, 9.4)
Mean baseline epistaxis severity score (95% CI)                                                  Treated for epistaxis (N=175): 6.75 (6.52, 6.99)
                                                                                                                                             All patients (N=213): 5.92 (5.60, 6.24)
Prior local hemostatic treatments for epistaxis                                                    Any treatment: 182 (77%)
                                                                                                                                             Laser cautery: 118 (50%)
                                                                                                                                             Electrical or chemical cautery: 112 (47%)
                                                                                                                                             Nasal septodermoplasty: 38 (16%)
                                                                                                                                             Nasal sclerotherapy: 58 (24%)
                                                                                                                                             Nasal embolization: 21 (9%)
                                                                                                                                             Bevacizumab nasal spray: 26 (10%)
                                                                                                                                             Septal bevacizumab injection: 23 (9%)
                                                                                                                                             Nasal closure (Young’s procedure): 9 (4%)
Prior nasal septum perforation (%)                                                                           32 (13%)
aThe Curaçao criteria are used to establish the diagnosis of hereditary hemorrhagic telengiectasia (HHT); the presence of three or four out of four criteria denotes “definite
HHT”, while the presence of two out of four criteria signifies “possible HHT”. Genetic testing is not required for a diagnosis of HHT but is done to identify HHT subtype. 95% CI:
95% confidence interval; GI, gastrointestinal. AVM, arteriovenous malformation. JPS, juvenile polyposis syndrome.



also received an additional four induction infusions
administered every 4 weeks. Induction courses typically
lasted 2-4 months but never extended beyond 6 months.
A total of 181 patients received maintenance treatment,
which was defined as additional bevacizumab doses
administered to prevent or treat recurrent bleeding after
completion of the initial induction infusion course. These
maintenance doses were administered using one of two
different protocols. The majority of patients (n=136)
received continuous maintenance, defined as bevacizum-
ab administered on a regular schedule every 4-12 weeks.
The remainder (n=45) received intermittent maintenance,
defined as retreatment only following recurrence or wors-
ening of bleeding symptoms or anemia, with one to four
doses administered every 2 weeks once the need for
maintenance was triggered. Ninety-two percent of
patients were given maintenance doses of 5 mg/kg per
infusion (regardless of maintenance schedule) but doses
of 1, 2.5, 3, and 7.5 mg/kg were also used occasionally.
Compared with the relatively universal induction dose
intensity of 10.0 mg/kg/month, mean maintenance dose
intensity was 4.0 mg/kg/month in patients receiving con-
tinuous maintenance and 3.0 mg/kg/month in patients
receiving intermittent maintenance.

Effect of bevacizumab on hemoglobin concentration
Of the 197 anemic (Hb <11 g/dL) patients treated, 185

patients had been treated for ≥3 months and were includ-
ed in the hemoglobin analysis. Mean hemoglobin
increased by 3.2 g/dL (95% confidence interval [95% CI]:
2.9-3.4, P<0.0001) from baseline following bevacizumab
treatment (Table 2). In the evaluation of on-treatment
mean hemoglobin, freedom from anemia (Hb ≥11 g/dL)
was observed in 67% (n=123/185) of patients. In the eval-
uation of hemoglobin values at each time point, freedom
from anemia was observed in 64% of patients at 3

months, 73% at 6 months, 76% at 9 months, and 71% at
12 months (Figure 1A). The change in hemoglobin con-
centration from baseline to on-treatment ranged from a
1.0 g/dL reduction to a 7.9 g/dL increase. A mixed linear
model estimated the improvement in mean hemoglobin
at between 3.0 g/dL (95% CI: 2.7-3.3 g/dL; P<0.0001) and
3.4 g/dL (95% CI: 3.1-3.7 g/dL; P<0.0001) at each time
point, stable over the course of treatment (Online
Supplementary Table S2, Online Supplementary Figure S1A).

Effect of bevacizumab on Epistaxis Severity Score
Of the 175 patients treated for epistaxis with complete

ESS data available, 146 patients had been treated for ≥3
months and were included in the ESS analysis. Mean ESS
decreased by 3.37 points (95% CI: -3.69 to -3.05;
P<0.0001) from baseline following bevacizumab treat-
ment (Table 2). Change in ESS from baseline to on-treat-
ment ranged from a 1.92-point increase to a 10-point
reduction. A clinically meaningful reduction in epistaxis
(ESS decrease of ≥0.71 post-treatment) was seen in 92%
(n=132/146) of patients. The ESS reduction was evident
by 3 months (Figure 1B). A mixed linear model estimated
the decrease in mean ESS to be between -2.96 (95% CI: -
3.26 to -2.66; P<0.0001) and -3.73 (95% CI: -4.05 to -3.43;
P<0.0001) at each time point, stable over the course of
treatment (Online Supplementary Table S2, Online
Supplementary Figure S1B).

Effect of bevacizumab on red blood cell transfusion
All patients
A total of 191 patients who had been treated for ≥6

months had complete RBC transfusion data available and
were included in the RBC transfusion analysis. In analysis
of all included patients (those who required RBC transfu-
sion in the 6 months pretreatment and those who did
not), the median number of RBC units transfused
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Table 2. Impact of bevacizumab on hemoglobin, Epistaxis Severity Score, red blood cell transfusions, and iron infusions over the first year of treatment.  
Hemoglobin and Epistaxis Severity Score

Outcome                                        Baseline            3 months             6 months             9 months            12 months                   Mean                  Baseline vs. 
                                                                                                                                                                                                on treatment      mean on treatment,
                                                                                                                                                                                                                              mean difference 
                                                                                                                                                                                                                                    (95% CI)

Hemoglobin (g/dL), mean              8.6 (8.5, 8.8)      11.6 (11.3, 11.9)     12.1 (11.8, 12.4)     12.0 (11.7, 12.4)      12.1 (11.7, 12.4)          11.8 (11.5, 12.1)            +3.2 (2.9, 3.4) 
(95% CI), baseline anemia                                                                                                                                                                                                                                  P<0.0001*
(Hb<11 g/dL) (n=185)
Epistaxis Severity Score,             6.81 (6.56, 7.06)   3.84 (3.49, 4.18)     3.02 (2.73, 3.31)     3.07 (2.70, 3.45)      3.22 (2.81, 3.62)          3.44 (3.17, 3.71)        -3.37 (-3.69, -3.05) 
mean (95% CI), treated for                                                                                                                                                                                                                                 P<0.0001*
epistaxis (n=146)                                        

RBC transfusion and iron infusion
Outcome                                                                      6 months          First 6 months          Second 6 months           Pretreatment vs. on treatment, median
                                                                                  pretreatment          on treatment              on treatment             difference (95% CI)

RBC transfusions, units, median                                       6.0 (0.0-13.0)              0.0 (0.0-2.0)                      0.0 (0.0-0.0)                   6 months pretreatment vs. 1st 6 months 
(interquartile range) (N=191)                                                                                                                                                                     on treatment: -4.0 (-6.0, -3.0), P<0.0001†

                                                                                                                                                                                                                              1st 6 months on treatment vs. 2nd 6 months 
                                                                                                                                                                                                                              on treatment: 0.0 (0.0, 0.0), P=0.0005†

Iron infusions, median                                                         6.0 (1.0-18.0)              1.0 (0.0-4.0)                      0.0 (0.0-2.0)                   6 months pretreatment vs. 1st 6 months 
(interquartile range) (N=183)                                                                                                                                                                     on treatment: -4.0 (-6.0, -1.0), P<0.0001†

                                                                                                                                                                                                                              1st 6 months on treatment vs. 2nd 6 months 
                                                                                                                                                                                                                              on treatment: 0.0 (0.0, 0.0), P<0.0001†

*By a paired t-test. Normality for hemoglobin and Epistaxis Severity Score data confirmed with the D’Agostino and Pearson test. †By the Wilcoxon signed-rank test. 95% CI: 95% confi-
dence interval; ESS: Epistaxis Severity Score; RBC: red blood cell.



decreased from 6.0 (interquartile range [IQR], 0.0-13.0) in
the 6 months pretreatment to 0.0 (IQR, 0.0-1.0) in the first
6 months after treatment (P<0.0001) (Table 2). This
improvement was maintained into the second 6 months
of bevacizumab treatment (median of 0.0 units, IQR 0.0-
0.0; P=0.0005). The findings of a mixed linear model were
similar (Online Supplementary Table S2, Online
Supplementary Figure S1C). 

Patients requiring prior red blood cell transfusion
In an analysis of only those patients who required RBC

transfusion in the 6 months prior to treatment (n=137),
the median number of RBC units transfused decreased
from 9.0 (IQR, 5.0-16.0) in the 6 months before treatment
to 0.0 (IQR, 0.0-2.0) in the first 6 months after treatment
(P<0.0001); 80/137 patients (58%), were RBC transfu-
sion-free. There was maintained and continued reduction
into the second 6 months of bevacizumab treatment
(median of 0.0 units, IQR 0.0-0.0; P=0.0005), with 97/121
(80%) being RBC transfusion-free (Figure 1C). The
decline in RBC transfusion requirements was observed
regardless of baseline disease severity (Figure 2A).

Effect of bevacizumab on iron infusion
All patients
A total of 183 patients who had been treated for ≥6

months had complete iron infusion data available and were
included in the iron infusion analysis. In the analysis of all
included patients (those who required iron infusion in the 6
months prior to treatment and those who did not), the
median number of iron infusions decreased from 6.0 (IQR,
1.0-18.0) in the 6 months before treatment to 1.0 (IQR, 0.0-
4.0) in the first 6 months after treatment (P<0.0001) (Table
2). This improvement continued into the second 6 months
of bevacizumab treatment (median of 0.0 infusions, IQR
0.0-2.0; P<0.0001). The findings of a mixed linear model
were similar (Online Supplementary Table S2, Online
Supplementary Figure S1D). 

Patients requiring prior iron infusion
In the analysis of only those patients who received iron

infusion in the 6 months prior to treatment (n=155), median
number of iron infusions decreased from 8.0 (IQR, 3.0-20.0)
in the 6 months before treatment to 2.0 (IQR, 0.0-5.0) in the
first 6 months after treatment (P<0.0001); 48/155 (31%)
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Figure 1. Box-and-whisker plots showing the effect of intravenous bevacizumab on hematologic parameters and epistaxis severity. A box represents the median
and interquartile range and tails represent minimum and maximum values. Numbers at each time-point reflect the number of hereditary hemorrhagic telangiectasia
(HHT) patients in a given analysis treated for at least that duration with complete data. (A) Effect on hemoglobin in HHT patients with baseline anemia (n=185). (B)
Effect on Epistaxis Severity Score in patients treated for epistaxis (n=146). (C) Effect on red blood cell (RBC) transfusions in patients receiving transfusion in the 6
months prior to bevacizumab initiation (n=137). (D) Effect on iron infusion events in patients receiving intravenous iron in the 6 months prior to bevacizumab initiation
(n=155). RBC: red blood cell; Mo: months; Tx: treatment.
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patients were iron infusion-free. There was a maintained
and continued reduction into the second 6 months of beva-
cizumab treatment (median of 0.0 units, IQR 0.0-3.0), with
84/138 (61%) patients being iron infusion-free (Figure 1D).
The decline in iron infusion requirements was observed
regardless of baseline disease severity (Figure 2B).

Subgroup analysis by genotype
There were no significant differences between baseline

hematologic parameters or effect of bevacizumab treat-
ment on these parameters between patients with ENG and
ACVRL1 mutations (Online Supplementary Table S3).

Subgroup analysis by maintenance dosing strategy
As compared with patients receiving continuous sched-

uled bevacizumab maintenance, those receiving intermit-
tent (as-needed) bevacizumab maintenance had a lower
mean hemoglobin (10.8 g/dL vs. 12.3 g/dL; P=0.0002) and
higher ESS (4.96 vs. 2.88; P<0.0001) during the second 6
months of bevacizumab treatment (Online Supplementary
Table S4). There were no significant differences in iron infu-
sions or RBC transfusions between the two groups.

Use of concurrent therapies to treat hereditary 
hemorrhagic telengiectasia-associated bleeding
Fifty-three patients (22%) received one (39 patients) or

more (14 patients) local hemostatic procedures to treat epis-
taxis (41 patients, 17%), gastrointestinal bleeding (12

patients, 5%), or both (1 patient) in the first year after initi-
ating bevacizumab. Thirty-three patients (14%) received
antifibrinolytic therapy and one patient received an ery-
thropoiesis-stimulating agent during the first year after ini-
tiating bevacizumab. In total, 73 patients (31%)  did receive
and 165 patients (69%) did not receive any of these thera-
pies. 
Patients receiving concurrent therapies were similar at

baseline to those not receiving them, except for a slightly
higher mean ESS (Online Supplementary Table S5). On beva-
cizumab treatment, patients receiving concurrent treat-
ments for HHT-associated bleeding had slightly lower on-
treatment mean hemoglobin and slightly higher on-treat-
ment mean ESS, median number of RBC transfusions, and
median number of iron infusions than those not receiving
concurrent treatments (Online Supplementary Table S5).

Safety analysis
The safety analysis included 232 patients with complete

and continuous chart data available over the duration of
bevacizumab treatment, totaling 340.1 patient-years at risk
of bevacizumab administration. TEAE possibly or likely
related to bevacizumab treatment are summarized in Table
3. The only TEAE reported in >1% of patients were hyper-
tension (18%), fatigue (10%), proteinuria (9%), myalgia
and/or arthralgia (6%), headache (4%), and venous throm-
boembolism (VTE, 2%). Overall, 88 patients (38%) experi-
enced at least one TEAE possibly or likely related to beva-
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Figure 2. Red blood cell transfusions and
iron infusions pretreatment and on-beva-
cizumab treatment by hematologic sup-
port requirements in the 6 months prior
to bevacizumab initiation. (A) All patients
requiring red blood cell (RBC) transfusion
before treatment (n=137) were divided
into quartiles (Q1-Q4) according to their
pretreatment RBC transfusion require-
ments. Reductions in RBC transfusions
were observed following bevacizumab
treatment regardless of the pretreatment
disease severity. (B) All patients requiring
iron infusion pretreatment (n=155) were
divided into quartiles according to their
pretreatment iron infusion requirements.
Reductions in iron infusions were
observed following bevacizumab treat-
ment regardless of the pretreatment dis-
ease severity. Mo: months; PreTx, pretreat-
ment; OnTx, on treatment.
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cizumab. There were no fatal TEAE. The TEAE rate was
slightly higher in patients receiving intermittent mainte-
nance (51%) than in those receiving continuous mainte-
nance (32%). There was no significant difference in number
of reported TEAE in patients with long-term exposure to
bevacizumab (≥2 years) and those with shorter-term expo-
sure (<2 years) with a mean of 0.57 versus 0.53 TEAE per
patient, respectively (P=0.80, Mann-Whitney U test).
The rate of VTE in HHT patients receiving bevacizumab

was 1.5 events per 100 patient-years at risk. Online
Supplementary Table S6 shows the venous thromboembolic
events occurring in the cohort of patients. 

Bevacizumab discontinuation
Twelve patients (5%) discontinued bevacizumab treat-

ment because of adverse events. Online Supplementary Table
S7 describes the adverse events prompting treatment dis-
continuation. Eleven patients (5%) discontinued beva-
cizumab because of inadequate treatment effect.
Discontinuation due to excessive financial cost for patients
occurred in two cases (1%).

Discussion

We present a large, international, multicenter study of
systemic bevacizumab treatment of HHT-associated bleed-
ing, observing striking improvements in bleeding and ane-
mia with bevacizumab treatment (Figure 1, Online
Supplementary Figure S1). Historically, reports on beva-
cizumab treatment for HHT-related bleeding have been
limited to single case reports and small cohorts from indi-
vidual treatment centers. Before the present study, the
largest study of systemic bevacizumab for bleeding and
anemia in HHT, evaluating critical hematologic outcomes
such as hemoglobin, blood transfusion and iron infusion,
was a 13-patient case series.23

We found that bevacizumab was effective at reducing
HHT-associated bleeding regardless of the patients’ geno-
type, with an improvement in mean hemoglobin of 3.2
g/dL and resolution of anemia in two-thirds of patients. The
severity of epistaxis also declined sharply, with a drop in
mean ESS of 3.37 points, nearly five times the minimal clin-
ically-important difference of 0.71 for this well-validated
clinical bleeding score.29 Concurrent with the improve-
ments in hemoglobin, RBC transfusions and iron infusions
dropped precipitously: 80% and 61% of patients previously
requiring RBC transfusions and iron infusions, respectively,
were liberated entirely from these hematologic support
modalities after 6 months of treatment. Improvement was
observed irrespective of baseline bleeding or anemia sever-
ity and included the most severely afflicted patients (Figure
2). Similar improvement was observed regardless of the
underlying pathogenic mutation (Online Supplementary Table
S3). Most patients did not receive any additional concurrent
treatments to manage HHT-associated bleeding once on
bevacizumab, and outcomes of the patients who did were
actually slightly worse than those who did not (Online
Supplementary Table S5). This is likely reflective of less
improvement with bevacizumab in these patients prompt-
ing the need for additional therapies. The fact that patients
not receiving any other bleeding-directed treatments had
such significant improvement in hematologic parameters
with bevacizumab initiation increases our confidence in the
relationship between bevacizumab treatment and the dra-
matic improvement observed in these parameters. 
The effectiveness observed with systemic bevacizumab

treatment in this study is considerably better than that
found for other systemic agents evaluated for HHT-associ-
ated bleeding.30 Small randomized studies of tranexamic
acid versus placebo suggest mild to moderate improvements
in epistaxis severity but no improvement in hemoglobin
with the active treatment.12,31 A small randomized study of
oral estrogen compared with placebo found no significant
improvement in epistaxis.32 Topical nasal pharmacotherapy
has been similarly disappointing, with randomized studies
of topical timolol, estrogen, and tranexamic acid all show-
ing no difference in the comparison with placebo.33,34
Bevacizumab via topical nasal spray has also been evaluat-
ed, with no improvement noted in epistaxis severity in the
comparison with placebo.33,35 Therefore, given the lack of
other effective options and the continued lack of any Food
and Drug Administration-approved treatment, our findings
suggest it may be appropriate to consider systemic beva-
cizumab in patients with moderate-to-severe HHT-associ-
ated bleeding (Online Supplementary Table S1) without con-
traindications. This may be particularly true for patients
with significant gastrointestinal bleeding, who constituted
over half the cohort in the present study, for whom there
are no studies of other pharmacological interventions. Oral
anti-angiogenics such as pomalidomide36 and pazopanib37,38

are additionally under investigation for treatment of HHT-
associated bleeding. Should these agents demonstrate effi-
cacy, head-to-head studies comparing them with beva-
cizumab will be needed. 
While initial bevacizumab induction treatment schedules

were quite similar between different centers, maintenance
strategies varied considerably, with some centers employ-
ing continuous scheduled maintenance and others opting for
an intermittent, as-needed approach to minimize overall
bevacizumab exposure. Both approaches were effective, but
intermittent maintenance (which employed 75% of the
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Table 3. Treatment-emergent adverse events (TEAE) identified by treat-
ing clinicians as likely or possibly due to bevacizumab. TEAE were
evaluable in 232 patients.
TEAE                                                                                      Number of 
                                                                                             patients (%)

Hypertension (new-onset or worse from baseline)                    41 (18%)a

Fatigue                                                                                                      23 (10%)
Proteinuria                                                                                               21 (9%)b

Myalgia and/or arthralgia                                                                       14 (6%)
Headache                                                                                                   9 (4%)
Venous thromboembolism                                                                    5 (2%)
Transaminase/alkaline phosphatase elevation                                 3 (1%)
Rash                                                                                                             3 (1%)
Abdominal pain/gastrointestinal upset                                               3 (1%)
Lightheadedness                                                                                      2 (1%)
Dyspnea                                                                                                      2 (1%)
Hoarseness                                                                                               2 (1%)
Bone marrow suppression                                                                    2 (1%)
Otherc                                                                                                          7 (3%)

a26 patients with new-onset hypertension and 15 patients with hypertension worsened
from baseline; bOccurred in one patient with baseline chronic kidney disease and
three patients with baseline diabetes mellitus. cIncludes one report each of lower
extremity edema, worsened epistaxis, diarrhea, lower extremity venous ulceration, poor
wound healing, non-cardioembolic stroke, and Staphylococcus aureus skin infection. 



overall bevacizumab dose intensity used in continuous
maintenance) resulted in significantly lower mean hemoglo-
bin and higher mean ESS than continuous maintenance
(Online Supplementary Table S4). This is not unexpected given
that recurrence of bleeding and/or anemia are the triggers for
re-treatment with an intermittent maintenance approach. It
is unclear whether the financial savings of administering less
drug in the intermittent maintenance approach offsets the
potential disadvantages. Additionally, although patients in
this study were treated for up to 8 years without any com-
plications specifically attributed to extended-duration treat-
ment, the impact of indefinite bevacizumab exposure in
HHT (either positive or negative) is not known. How main-
tenance strategy and overall dose intensity could affect this
impact is therefore also unknown.
Bevacizumab was well-tolerated overall, with hyperten-

sion, proteinuria, fatigue, and myalgia/arthralgia being the
most common TEAE, consistent with prior reports in HHT
patients.23-27,39-42 Only 5% of patients discontinued treatment
because of adverse events. An understanding of the adverse
event profile of single-agent systemic bevacizumab in HHT
patients is critical, given that the vast majority of prior beva-
cizumab studies added bevacizumab (typically at 2-3 times
the common 5 mg/kg dose used in this study) to multiagent
cytotoxic chemotherapy regimens and administered this
combination to patients with metastatic cancer. Therefore,
the adverse event rates described in the prescribing infor-
mation, such as the relatively high rates of serious events
including VTE or intestinal perforation, are not reflective of
single-agent bevacizumab use in HHT patients. This point
is highlighted by the VTE rate in this study of 2%, with a
median duration of bevacizumab exposure considerably
longer than that of most cancer studies finding VTE rates in
the 5-10% range. Furthermore, two out of five of the VTE
observed were provoked events immediately following
major joint replacement surgery (Online Supplementary Table
S6). We observed no central nervous system bleeding,
hemoptysis, pulmonary hemorrhage, or intestinal perfora-
tion. Additionally, while anticoagulation in HHT patients
can be very challenging and dramatically exacerbate bleed-
ing, patients with VTE in this study receiving anticoagula-
tion did well with concurrent bevacizumab treatment with-
out significantly increased bleeding (Online Supplementary
Table S6).
Our study has several limitations consistent with its

retrospective nature. These include center variability in
the management of HHT and variability in the use and
availability of adjunctive measures to control bleeding.
The lack of randomization allows for the presence of con-
founding factors that could have resulted in clinical
improvement independent of bevacizumab use.
However, the fact that significant improvements in all
outcome measures occurred following initiation of beva-
cizumab treatment increases our confidence that beva-
cizumab was the cause of the clinical improvements.
Additionally, we analyzed known confounders such as
concurrent use of antifibrinolytics and receipt of local
hemostatic procedures and found no significant differ-
ence in outcomes between the two groups. To minimize
the impact of patient heterogeneity in this disease, we
employed a pre/post-treatment analytical design with
paired analyses such that each patient served as his or her
own internal control in our effectiveness analyses.

Adverse event reporting was limited by the retrospective
design, but we expect it is unlikely that any serious
adverse events would not have been appropriately docu-
mented. Finally, our study evaluated number of iron infu-
sion events, not exact milligrams of elemental iron
infused. Although less precise, we believe that the
observed reduction in iron infusions to be valid for two
reasons: the median number of iron infusions went from
six before treatment to zero after treatment (and the
amount of elemental iron in 0 iron infusions is none) and
more importantly, the reduction in iron infusions paral-
leled the dramatic reduction in RBC transfusions.
In conclusion, we observed that systemic bevacizumab

was effective in the management of severe HHT-related
epistaxis and gastrointestinal bleeding in a cohort of 238
HHT patients. While data from large, randomized
prospective studies are needed to confirm these findings,
in this large observational study, bevacizumab was associ-
ated with significant improvements in hemoglobin and
ESS, along with significant reductions in the need for RBC
transfusion and intravenous iron infusion. Improvement
was similar regardless of the underlying pathogenic muta-
tion. Following an initial sequence of induction treat-
ments, continuous scheduled maintenance therapy and
intermittent as-needed maintenance therapy were both
reasonable to maintain treatment effect. Hypertension,
fatigue, proteinuria, and myalgia/arthralgia were the most
common TEAE; VTE and treatment discontinuation for
adverse events were rare, occurring in 2% and 5% of
patients, respectively.
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