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HEREDITARY HEMORRHAGIC

telangiectasia (HHT) (On-
line Mendelian Inheritance
in Man [OMIM] #187300) is

a dominantly inherited genetic vascu-
lar disorder characterized by recur-
rent epistaxis; cutaneous telangiec-
tasia; and visceral arteriovenous
malformations (AVMs) that affect many
organs, including the lungs, gastroin-
testinal tract, liver, and brain. Diagno-
sis is based on the Curaçao criteria and

is considered definite if at least 3 of 4
criteria are fulfilled.1 The criteria are
spontaneous and recurrent epistaxis,
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Context The only treatment available to restore normal cardiac output in patients
with hereditary hemorrhagic telangiectasia (HHT) and cardiac failure is liver trans-
plant. Anti–vascular endothelial growth factor treatments such as bevacizumab may
be an effective treatment.

Objectives To test the efficacy of bevacizumab in reducing high cardiac output in
severe hepatic forms of HHT and to assess improvement in epistaxis duration and qual-
ity of life.

Design, Setting, and Patients Single-center, phase 2 trial with national recruit-
ment from the French HHT Network. Patients were 18 to 70 years old and had con-
firmed HHT, severe liver involvement, and a high cardiac index related to HHT.

Intervention Bevacizumab, 5 mg per kg, every 14 days for a total of 6 injections.
The total duration of the treatment was 2.5 months; patients were followed up for 6
months after the beginning of the treatment.

Main Outcome Measure Decrease in cardiac output at 3 months after the first
injection, evaluated by echocardiography.

Results A total of 25 patients were included between March 2009 and November
2010. Of the 24 patients who had echocardiograms available for reread, there was a
response in 20 of 24 patients with normalization of cardiac index (complete response
[CR]) in 3 of 24, partial response (PR) in 17 of 24, and no response in 4 cases. Median
cardiac index at beginning of the treatment was 5.05 L/min/m2 (range, 4.1-6.2) and
significantly decreased at 3 months after the beginning of the treatment with a me-
dian cardiac index of 4.2 L/min/m2 (range, 2.9-5.2; P� .001). Median cardiac index
at 6 months was significantly lower than before treatment (4.1 L/min/m2; range, 3.0-
5.1). Among 23 patients with available data at 6 months, we observed CR in 5 cases,
PR in 15 cases, and no response in 3 cases. Mean duration of epistaxis, which was 221
minutes per month (range, 0-947) at inclusion, had significantly decreased at 3 months
(134 minutes; range, 0-656) and 6 months (43 minutes; range, 0-310) (P=.008). Qual-
ity of life had significantly improved. The most severe adverse events were 2 cases of
grade 3 systemic hypertension, which were successfully treated.

Conclusion In this preliminary study of patients with HHT associated with severe
hepatic vascular malformations and high cardiac output, administration of bevaci-
zumab was associated with a decrease in cardiac output and reduced duration and
number of episodes of epistaxis.

Trial Registration clinicaltrials.gov Identifier: NCT00843440
JAMA. 2012;307(9):948-955 www.jama.com
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telangiectasia, family history, and vis-
ceral lesions.

Hepatic involvement is observed in
up to 74% of patients,2,3 but no more
than 8% of those patients, mainly
women, have symptomatic liver shunt-
ing.4,5 The liver vascular malforma-
tions result in 3 complications: high
output cardiac failure, in most cases and
more rarely portal hypertension, and
biliary necrosis. Hepatic shunting, like
other extracardiac systemic shunts, is
thought to be associated with in-
creased cardiac preload and decreased
peripheral vascular resistances, lead-
ing to an adaptative increase of car-
diac output. High-output cardiac fail-
ure usually starts with a progressive
increase in cardiac output, in turn lead-
ing to elevated left ventricle filling pres-
sures, dyspnea, heart failure, and pul-
monary hypertension.6

Two genes are associated with HHT:
ENG (OMIM 131195) coding for en-
doglin7 and ACRLV1 (OMIM 601284)
coding for the activin receptor-like ki-
nase 1, ALK-1.8 Mutations in either 1
of these 2 genes account for most clini-
cal cases. In addition, mutations in
MADH4 (encoding SMAD4 [OMIM
600993]), which are responsible for ju-
venile polyposis/HHT overlap syn-
drome, have been described.9 ENG and
ACVRL1 encode endothelial cell trans-
membrane proteins that appear to be
components of the receptor com-
plexes for growth factors of the trans-
forming growth factor � superfamily
(TGF-�). It has thus been hypoth-
esized that HHT is related to an imbal-
anced state between antiangiogenic fac-
tors (such as bone morphogenetic
protein 9) and proangiogenic factors
(such as vascular endothelial growth
factor [VEGF]).10

Because of the molecular mecha-
nisms involved in both angiogenesis
and HHT, a VEGF inhibitor such as be-
vacizumab could be an effective treat-
ment for HHT. Because HHT is a mul-
tivisceral disease, systemic therapy
seems to be preferable to local therapy.
Prior case reports support this notion
because bevacizumab resulted in clini-
cal improvement in patients with

HHT.11,12 Furthermore, the only treat-
ment available at the present time in se-
vere hepatic forms of HHT to restore
normal cardiac output is an ortho-
topic liver transplant,13 the disadvan-
tages of which are multiple and in-
clude surgical morbidity, mortality, and
an immunosuppressive treatment for
life. Treatment with bevacizumab could
prove beneficial because its use does not
contraindicate subsequent liver trans-
plant should the drug not control the
complications of HHT.

We studied the efficacy of bevaci-
zumab in severe hepatic forms of HHT
associated with high cardiac output and
report the results of this treatment with
a 6-month follow-up period.

METHODS
The study was prospective, open-
label, and noncomparative and con-
ducted in single institution after na-
tionwide recruitment. Constructed
according to the principles of the Ge-
han 2-stage design,14 the study used a
double sampling schedule to elimi-
nate any ineffective treatment before en-
rolling the entire cohort. In the first
stage of this design, if no objective re-
sponse (defined by any decrease in car-
diac index compared with the initial
value) is seen in any of the patients, the
drug would be rejected and the study
stopped. A drug producing 1 or more
responses in this first series of pa-
tients would enter the second stage, in
which additional patients are treated.
The purpose of the second stage is to
estimate the response rate with a de-
sired level of statistical precision.

The sample size was based on the re-
quirements for stopping the study if the
response rate was less than 30% with
a 90% power and for estimating the re-
sponse rate with a standard error of
10%. It was necessary to include 7 pa-
tients in the preliminary stage. If no suc-
cess was observed in this stage, the trial
would have been stopped. When at least
1 success was observed, the trial was
continued after evaluation by an inde-
pendent committee by including an ad-
ditional 16 to 18 patients, depending
on the success rate observed.

Patient Selection
Enrollment began in March 2009. This
study enrolled patients aged 18 to 70
years with clinically confirmed HHT
(the presence of at least 3 of the Cura-
çao criteria), severe liver involvement
connected with the HHT disease, and
dyspnea (� class II according to the
New York Heart Association) with high
cardiac output on echocardiography,
defined by a cardiac index of greater
than 3.9 L/min/m2 in men or greater
than 3.6 L/min/m2 in women.

To avoid the risk of thrombosis or
hemorrhage, patients were excluded if
they had thrombosis in the 6 months
prior to enrollment, atrial fibrillation,
cerebral AVMs on magnetic reso-
nance angiography, thrombopenia, or
anticoagulant treatment. This study was
approved by the local research ethics
committee and by the French Medical
Products Agency (AFSSAPS). Oral and
written informed consent were ob-
tained from all patients in accordance
with national regulations.

Treatment

Patients received bevacizumab intra-
venously at a dose of 5 mg per kg per
injection every 14 days for a total of 6
injections. All doses were adminis-
tered during a 1-day hospitalization pe-
riod in a unit specializing in clinical re-
search. One or 2 patients were included
every week. After 7 patients com-
pleted 3 months of follow-up, an evalu-
ation was performed by an indepen-
dent committee before other patients
were included. The second Gehan stage
was initiated 3 months after comple-
tion of the first stage. Cardiac output
measurements were performed before
the first injection and then at 3 and 6
months after the first injection.

Efficacy Criteria

The primary efficacy criterion was any
decrease in cardiac index at 3 months
evaluated by echocardiography, as com-
pared with that measured at the begin-
ning of the trial (before the first injec-
tion). All patients also underwent an
echocardiogram at 6 months. Optimal
efficacy (complete response [CR]) was
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defined as normalization of cardiac out-
put (cardiac index between 2.5 and 3.9
L/min/m2 for men and between 2.5 and
3.6 L/min/m2 for women) at 3 months.
Partial response (PR) was defined by
any decrease in the cardiac index com-
pared with the initial value but with-
out normalization.

Echocardiography was performed
using a Vivid 7 echocardiograph
(General Electric) and by the same
cardiologist (I.G.), under the same
conditions (patient at rest in a quiet
atmosphere with unchanged treat-
ment), to minimize induced varia-
tions in cardiac output. Left ventricle
(LV) size and function, left atrial (LA)
size, Doppler evaluation of LV-filling
pressures (using mitral and pulmo-
nary venous flow and E/Ea ratio), and
pulmonary pressure were assessed
using standard measurements. Car-
diac output (CO) was evaluated by
measuring left ventricular outflow

tract (LVOT) and LVOT velocity-time
integral (VTI), obtained on pulse
Doppler imaging. The LVOT region of
interest was outlined with a cursor as
identified on pulse Doppler imaging.
From this point, the computer
obtained subsequent measurements
automatically. Using these measure-
ments, CO was calculated using this
formula: (� � [LVOT/2]2 � LVOT
VTI � heart rate) divided by 1000.
The CO value was indexed to height
and weight to obtain the cardiac
index. At least 5 blood flow velocity
measurements were averaged, and at
least 3 measurements of LV outflow
tract diameter were also taken at the
aortic orifice. All data were recorded
on CD-ROM, and a blinded reread
was performed at the end of the study
(I.G.).

Secondary criteria at 3 months in-
cluded: dyspnea according to New York
Heart Association classification and

echocardiographic data and skin,
mouth, and nose examination (face and
hand telangiectasia were numbered and
recorded on a diagram before treat-
ment and at 3 and 6 months). We used
a daily time report and a grid to record
daily duration and number of epi-
sodes of epistaxis. Hemoglobin levels
and number of blood transfusions were
systematically recorded at each visit.
Quality of life was evaluated using the
Short Form-36 Health Survey (SF-36)
questionnaire15 before treatment and 3
and 6 months after treatment.

Liver evaluation included a clinical
examination as well as biological and
radiological assessments. Biological
liver measurements included trans-
aminases, alkaline phosphatases,
�-glutamyltransferase, and total bili-
rubin. Liver radiological response
was monitored using Doppler ultra-
sound and multiphase multidetector
hepatic computed tomographic (CT)
examinations before treatment and at
3 and 6 months. Liver volumes were
obtained using CT scan and Vitrea
version 5.1 (Vital Images). Liver
Doppler ultrasound determined
diameter, course, and abnormalities
of the hepatic artery, portal vein, and
hepatic veins. Contrast-enhanced
ultrasound was recorded and ana-
lyzed offline to assess functional
modifications of liver hepatic perfu-
sion, enhancement times, and kinet-
ics before treatment and at 15 days,
29 days, 57 days, and 3 months after
the beginning of treatment for
patients who did not have pulmonary
AVMs. Vascular spots, arterial con-
trast enhancement, transit time
between the hepatic artery and
hepatic veins, and parenchyma
enhancement curve (ascending curve
and area under the curve) were mea-
sured to register early functional
changes. Images were not blinded.

Patients with pulmonary AVM be-
fore treatment on CT scan underwent
a control CT scan at 6 months.

Bevacizumab Pharmacokinetics

Blood samples were collected before and
2 hours after the end of each injection

Table 1. Baseline Patient Characteristics (N = 25)

No. (%) Mean (SD) Median (Range)

Age, y 25 (100) 57.44 (8.6) 59 (35-68)

Sex
Female 24 (96)

Male 1 (4)

Presence of PAVMs 8 (32)

Gene mutation
ACVRL1 22 (88)

ENG 2 (8)

SMAD4 1 (4)

Cardiac index, L/min/m2 24 5.01 (0.67) 5.05 (4.1-6.2)

Dyspneaa

Class II 17 (68)

Class III 8 (32)

Left-ventricular filling
pressures

Low 10 (40)

Limit 8 (32)

High 7 (28)

sPAP, mm Hg 25 (100) 37.36 (11.5) 33 (23-79)

Duration of epistaxis,
min/mo

25 (100) 221 (239.7) 179 (0-947)

Hemoglobin, g/L 25 (100) 118.7 (22.5) 120 (51-168)

Liver enzymes, U/L
AST 25 (100) 33 (12.1) 31 (16-57)

ALT 30 (16.1) 25 (7-71)

Alkaline phosphatase 127 (60.2) 104 (47-259)

GGT 160 (151.4) 138 (16-702)
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, �-glutamyltransferase; PAVMs, pul-

monary arteriovenous malformations; sPAP, systolic pulmonary artery pressure.
SI conversion factors: To convert AST, ALT, alkaline phosphatase, and GGT to µkat/L, multiply by 0.0167.
aAccording to the New York Heart Association.
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and additional samples taken 5 hours
and 24 hours after the first one. Beva-
cizumab serum concentrations were
measured using a validated enzyme-
linked immunosorbent assay16 and de-
scribed using a population pharmaco-
kinetic approach with Monolix software
(Inria). A 2-compartment model with
first-order transfer constants gave the
best results and was used to estimate
the bevacizumab area under the con-
centration vs time curve (AUC) until
evaluation times.

Safety

Adverse events were graded by inves-
tigators according to the National Can-
cer Institute common toxicity criteria
scale (version 3.0). Any grade 3 and 4
toxicity events on the scale were con-
sidered to be toxic events with the ex-
ception of rest dyspnea, epistaxis, ane-
mia associated with epistaxis, or the
chronic digestive hemorrhages associ-
ated with HHT before treatment. Safety
was evaluated at each visit by physical
examination, laboratory testing, and
assessment for adverse events. Ad-
verse events were classified as unre-
lated, dubitable, possibly related, prob-
ably related, or certainly related to the
treatment.

Statistics

The analysis was descriptive with fre-
quency for qualitative variables and
mean, median, and range for quantita-
tive variables. The efficacy population
was defined by all patients with the
evaluation criterion available at 3
months. Patients withdrawing from the
study after at least 1 injection were con-
sidered as nonresponse. Comparisons
between values at inclusion and values
at 3 or 6 months were made using the
Wilcoxon signed-rank test for paired
data. Trend over time was assessed using
a repeated measures model. Compari-
son between qualitative values at inclu-
sion and at 3 and 6 months were made
using Cochran-Armitage test for trend.
A P value of 5% (2-tailed) was used to
identify statistical significance. All analy-
ses were performed using SAS version
9.1 (SAS Institute).

RESULTS
Twenty-eight patients were included in
this study between March 2009 and No-
vember 2010. Of them, 3 patients did
not receive the treatment: 1 because of
technical difficulties associated with
vein access for the perfusion followed
by a withdrawal of consent and 2 be-
cause of hypertension before treat-
ment. Twenty-five patients were treated
and 24 analyzed because the echocar-
diogram was not available for reread.
Twenty-four received the entire beva-
cizumab injection schedule, and 1
stopped the treatment after 2 injec-
tions for personal convenience and was
considered as having nonresponse (data
were not available for this patient at 3
and 6 months).

Patient Characteristics
Before Treatment

All 25 patients had hepatic AVMs
with hepatic murmur in 22 cases
(TABLE 1). Hepatic artery diameter
was increased on CT scan in all
patients (mean, 11.5 mm; range 7-14)
with double hepatic arteries in 8
cases. All patients had a high cardiac
index before treatment (mean, 5.01
L/min/m2) associated with dyspnea
(class II n = 17 and class III n = 8).
Fourteen patients had also elevated
LV fi l l ing pressures and 8 had
elevated pulmonary artery pressure.

Response to Treatment
Intermediate analysis rejected ineffi-
cacy as 5 of 7 patients had a response
(1 CR and 4 PR) at 3 months after the
beginning of the treatment. The first
stage in the Gehan design was there-
fore conclusive, and 18 patients were
included in the second stage.

Final analysis of the main criterion
included 25 patients; the blinded analy-
sis was performed on 24 patients due
to an unreadable CD. Blinded analysis

Figure 1. Blinded Cardiac Index Before Treatment and 3 and 6 Months After the Beginning of
Treatment With Bevacizumab
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Cardiac index significantly declined in response to bevacizumab treatment. Squares indicate mean values; er-
ror bars, 95% CIs; boxes, median and interquartile range; shaded area, reference value range.

Figure 2. Systolic Pulmonary Artery
Pressures Before Treatment and 3 and 6
Months After the Beginning of Treatment
With Bevacizumab
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showed a response in 20 of 24 pa-
tients with normalization of cardiac in-
dex (CR) in 3 of 24, PR in 17 of 24, and
no response in 4 cases. Mean and me-
dian cardiac index at beginning of the
treatment were 5.01 L/min/m2 (95% CI,
4.72-5.29) and 5.05 L/min/m2 (range,
4.1-6.2), respectively, and signifi-
cantly decreased at 3 months after the
beginning of the treatment with a mean
and a median cardiac index of 4.20

L/min/m2 (95% CI, 3.94-4.45) and 4.2
L/min/m2 (range, 2.9-5.2), respec-
tively (P� .001) (FIGURE 1).

Blinded cardiac index at 6 months
was significantly lower than cardiac in-
dex before treatment (mean, 4.06
L/min/m2; 95% CI, 3.80-4.33, and me-
dian, 4.1 L/min/m2; range, 3.0-5.1).
Among 23 patients with available data
at 6 months, we observed CR in 5 cases,
PR in 15 cases, and no response in 3

cases. Other cardiac parameters im-
proved after treatment: systolic pulmo-
nary hypertension (n=8) was normal-
ized in 5 patients (FIGURE 2) and
elevated LV filling pressure (n=14) was
normalized in 6 patients at 3 months.
Furthermore, 6 of the NYHA class III
dyspnea changed to class II 6 months
after the beginning of the treatment.

Mean duration of epistaxis, which
was 221 minutes per month (range,

Figure 3. Epistaxis and Hemoglobin Levels After Treatment With Bevacizumab
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The mean duration of epistaxis episodes (measured as minutes per month) significantly declined; the mean number of epistaxis episodes was 26 episodes per month
before treatment and 20 per month after treatment. Hemoglobin levels remained stable throughout the course of the study. Squares indicate mean values; open circles,
individual values; error bars, 95% CI; and filled circles, outliers (either an outside value, defined as a value smaller than the lower quartile minus 1.5 times the inter-
quartile range, or larger than the upper quartile plus 1.5 times the interquartile range; or a far-out value, defined as a value that is smaller than the lower quartile minus
3 times the interquartile range, or larger than the upper quartile plus 3 times the interquartile range). P values are for mixed model.

Figure 4. SF-36 Scores Before Treatment and 3 and 6 Months After the Beginning of Treatment With Bevacizumab
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0-947) at inclusion, had significantly
decreased at 3 months (134 minutes;
range, 0-656) and 6 months (43 min-
utes ; r ange , 0 -310) (P = .008)
(FIGURE 3). Mean number of epistaxis
episodes was 26 episodes per month
(range, 0-79) at inclusion, 20 epi-
sodes per month (range, 0-101) at 3
months, and 11 (range, 0-74) at 6
months. Eighty-seven percent of pa-
tients had a decrease in the mean du-
ration of epistaxis of more than 30%.

The mean hemoglobin level was 119
g/L (range, 51-168) and 127 g/L (range,
53-169) before and 6 months after the
beginning of the treatment (P= .38)
(Figure 3). Four patients required 12
blood transfusions in the first 3 months
after treatment, and 5 transfusions dur-
ing the 3 to 6 months after treatment.
Number of telangiectasia on the face
(skin, mouth, and nose) and hands did
not significantly decrease 3 or 6 months
after the beginning of the treatment.
The SF-36 questionnaire revealed an
improvement in all dimensions of qual-
ity of life after treatment (FIGURE 4).

None of the biological liver tests re-
sults significantly differed before and
3 and 6 months after treatment, includ-
ing levels of aspartate aminotransfer-
ase (mean, 33, 43, and 40 U/L, respec-
tively), alanine aminotransferase (mean,
30, 39, and 38 U/L, respectively), al-
kaline phosphatase (mean, 127, 152,

and 139 U/L, respectively), �-glutam-
yltransferase (mean, 160, 170, and 178
U/L, respectively), and total bilirubin
(mean, 11, 11, and 13 µmol/L, respec-
tively). However, an increase of both
alanine and aspartate aminotransfer-
ase levels (1.5 times the initial value)
was observed in 5 patients.

Hepatic CT scan and Doppler ultra-
sound parameters before and after treat-
ment were not significantly different
(TABLE 2). Contrast-enhanced ultra-
sound examination was performed in
16 patients. The presence of vascular
spots was not significantly different be-
fore and after treatment; however, he-
patic dynamic parameters improved sig-
nificantly after treatment (Table 2).

Bevacizumab Pharmacokinetics

The distribution and elimination half-
lives of bevacizumab (mean and inter-
individual clearance volume) were 1.60
days (14%) and 21.5 days (27%), re-
spectively. These values are similar to
those previously reported in cancer pa-
tients.16,17 The decrease in cardiac in-
dex and improvement of epistaxis at 3
and 6 months were not related to be-
vacizumab exposure as estimated by its
cumulated AUC.

Adverse Effects

No patients experienced thromboem-
bolic events, hemorrhage, gastrointes-

tinal perforation, or reversible poste-
rior leukoencephalopathy. A total of 89
adverse events were declared as possi-
bly or certainly related in 21 patients.
One patient had a grade 3 systemic
blood hypertension noticed 30 days af-
ter the first bevacizumab injection; this
event was certainly related to bevaci-
zumab and successfully treated with
amlodipine. Twenty patients had at least
1 adverse event possibly related to be-
vacizumab (1-2 events in 8 patients, 3-4
events in 5 patients, 5 events in 4 pa-
tients, and �10 events in 3 patients).
All events were observed during the 90
days following the first injection of be-
vacizumab. Among them, headache (52
events), nausea and vomiting (12
events), asthenia (9 events), abdomi-
nal pain (4 events), muscular pain (4
events), diarrhea (6 events), and rash
(1 event) were reported.

COMMENT
In this trial of patients with HHT, be-
vacizumab was effective 3 months af-
ter the beginning of the treatment in
80% of patients in decreasing cardiac
output related to hepatic shunting, with
normalization of cardiac output in 12%
of patients. There was clinical improve-
ment of dyspnea and normalization of
pulmonary pressure in patients with
pulmonary hypertension before treat-
ment, consistent with these results. Un-

Table 2. Computed Tomography (n = 25), Doppler (n = 25), and Contrast-Enhanced Liver Ultrasound (n = 16) Findings Before and After
Bevacizumab Treatment

Before Treatment Month 3a Month 6a

P
ValuebMean (95% CI) Median (Range) Mean (95% CI) Median (Range) Mean (95% CI) Median (Range)

CT scan
Liver volume, mL 1410 (1288-1532) 1413 (914-2118) 1242 (1147-1337) 1239 (882-1680) 1289 (1181-1398) 1240 (863-1800) .08

HA diameter, mm 10.9 (10.0-11.9) 11 (7-15) 10.5 (9.4-11.6) 10 (5.5-15.8) 10.7 (9.8-11.7) 11 (7-15) .80

Doppler ultrasound PFV,
cm/s

200 (170-230) 200 (100-400) 219 (178-266) 200 (80-414) 201 (173-230) 200 (90-407) .70

Contrast-enhanced
ultrasound

Vascular spots,
No.

16 16 ND �.99

TAH, sec 8.9 (8.4-9.5) 9 (7-11) 9.4 (8.2-10.5) 9 (5-15) ND .38

TTAVSH, sec 2.75 (2.2-3.3) 3 (0-4) 3.75 (3.0-4.5) 3 (2-8) ND .03

ABa, dB 10.19 (8.7-11.7) 9.5 (7-16) 8.05 (6.5-9.6) 8.2 (4-14) ND .11

Sn, dB 6.35 (1.4-11.3) 3.8 (2.1-40.0) 5.38 (3.7-7.1) 4.3 (2.7-15.8) ND .32
Abbreviations: ABa, ascending curve of the parenchyma enhancement curve; CT, computed tomographic; HA, hepatic artery; ND, not done; PFV, peak flow velocity; Sn, area under the

curve; TAH, arterial contrast enhancement time; TTAVSH, transit time between the hepatic artery and hepatic veins.
aTime is measured from the beginning of the treatment.
bMixed models P value (Mann-Whitney P value for contrast-enhanced ultrasound parameters).
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til now, only case reports suggested a
potential effect in HHT patients with se-
vere hepatic shunting complicated by
cardiac heart failure.11,12 In HHT, re-
gression of high cardiac output has been
described after liver transplantation,
supporting the idea that normaliza-
tion of liver vascularization makes it
possible to normalize cardiac func-
tion.18 Similarly, we can hypothesize
that the efficacy of bevacizumab, a
VEGF antagonist, is based on its ac-
tion on liver capillaries, contributing to
reduced shunting and its cardiac con-
sequences. As number of nosebleeds de-
creased with treatment, reduction of
cardiac index could have at least partly
attributed to better levels of hemoglo-
bin. However, the absence of differ-
ence in hemoglobin levels at the time
of evaluation before and after treat-
ment supports the link between he-
patic shunting reduction and de-
creased cardiac index. Patients were
carefully tracked and medical treat-
ment for cardiac failure was not modi-
fied during the study.

Nosebleeds are a major l i fe-
threatening complication in HHT. We
showed that the total duration of epi-
staxis significantly improved 6 months
after the beginning of the treatment in
87% of patients, as reported in a few
case reports.11,19 No surgery was needed
or performed for nosebleeds during the
study. Patients were carefully fol-
lowed up for epistaxis because mild
nosebleeds as well as nasal cartilagi-
nous septum perforation have been de-
scribed as an adverse effect of bevaci-
zumab in patients with cancer.20-23

Although longer follow-up is neces-
sary, no worsening of epistaxis was ob-
served in this study, and we hypoth-
esized that in patients with cancer,
infectious factors due to immunosup-
pression combined with nasal angio-
genesis changes probably have a ma-
jor role in the nosebleeds.

The SF-36 questionnaire, a vali-
dated health status survey, revealed
low scores before treatment and
improvement in all scores, particu-
larly for vitality and physical dimen-
sions after treatment. This observa-

tion probably reflects improvements
in both dyspnea and epistaxis ,
although being observed in a study
setting cannot be excluded as an
explanation. However, in a previously
published study on the quality of life
of patients with HHT, it was effec-
tively shown that the levels of health-
related quality of life measured with
the SF-36 were lower than those of
normal controls in all domains except
for bodily pain,24 and that the dura-
tion of epistaxis and liver involvement
had a major influence on health-
related quality of life in HHT.25,26

Toxic effects were low and easily
manageable in this study. Grade 3 be-
vacizumab-related toxicity was lim-
ited to systemic hypertension and was
uncomplicated and successfully treated.
In the literature, bevacizumab is gen-
erally well tolerated, although its use
is associated with significant rates of
systemic hypertension, with up to 16%
rates of grade 3 hypertension.20,27-29 This
point must be carefully checked dur-
ing treatment. Other adverse effects
were limited to grade 1 adverse ef-
fects, mainly headaches, asthenia, and
arthralgia during treatment with a spon-
taneous favorable evolution. No ad-
verse effects regarding bleeding or clot-
ting were observed. However, because
of the small number of patients and the
short follow-up time, toxicity and ad-
verse effects should continue to be ob-
served closely.

This study had several limitations.
First, we chose to carry out a nonran-
domized controlled trial for prag-
matic reasons. Indeed, a small num-
ber of patients have severe liver
involvement in this rare disease. In the
European study on liver transplant in
HHT, only 40 patients received trans-
plantations because of HHT during the
period 1985 to 200330 and around 70
patients in the European liver trans-
plant register. For this reason, we chose
the Gehan method to rapidly elimi-
nate any treatment that was not effec-
tive or that had high toxicity. All pa-
tients were treated in the same center
for security reasons, but recruitment
was national. Second, because of the

small number of participants, these pre-
liminary findings are encouraging, but
we cannot draw any conclusions as to
the efficacy and safety of bevacizumab
in patients with HHT. These biases can
influence findings in a nonrandom-
ized study.

In conclusion, this preliminary study
suggests that bevacizumab may be a
therapeutic option in the treatment of
HHT. Our results demonstrated im-
proved cardiac output and reduced epi-
staxis. Toxicity was moderate. We do
not know if this treatment could be de-
finitive or a bridging therapy while pa-
tients are waiting for a liver trans-
plant. Longer follow-up studies are
necessary to determine the duration of
HHT efficacy and whether mainte-
nance therapy is required.
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Tenon, Assistance Publique–Hôpitaux de Paris, Uni-
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lou, Rennes, France (Dr Corre); Molecular Biology
Laboratory, Hospices Civils de Lyon, Hôpital E. Her-
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