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Abstract
Hereditary haemorrhagic telangiectasia is a genetic condition of abnormal blood ves-
sel formation resulting from an imbalance of pro- and anti-angiogenic products of the
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Hospital, London, UK transforming growth factor /bone morphogenetic protein signalling pathway which

contributes to vascular remodelling and maintenance. Hepatic vascular malformations
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are common although less frequently symptomatic, but may result in high-output
cardiac failure, portal hypertension and biliary ischaemia. Whilst the understand-
ing of the genetic and cell signalling pathways that are the hallmark of hereditary
Handling Editor: Alejandro Forner. haemorrhagic telangiectasia have been clarified, there remain challenges in therapy
for these patients. Only patients with symptomatic hepatic vascular malformations
require treatment, with most (63%) responding to first-line medical therapy. For non-
responders, bevacizumab is effective in reducing cardiac output in those with heart
failure secondary to hepatic vascular malformations as well as other manifestations of
the disease. Although liver transplantation is the only curative option, optimal timing
is critical. Novel anti-angiogenetic drugs and those that target aberrant cell signalling

pathway are being explored.
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1 | INTRODUCTION

Hereditary haemorrhagic telangiectasia (HHT), also known as Rendu
Osler Weber syndrome, is an autosomal dominant condition that re-
sults in abnormal blood vessel formation.! HHT can be classified by
type based on the genetic mutation and clinical features, with type
1 (HHT1) and 2 (HHT2) encompassing most cases. It affects approxi-
mately 1 in 5000-8000 individuals worldwide, with regional varia-
tions including in the clinical manifestations most commonly seen.
HHT1 is seen more in North America and Europe, and HHT2 is more

likely in Mediterranean areas and South America.?

© 2024 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd.

The hallmarks of HHT are telangiectasia, vascular malformations
(VMs) and bleeding. Telangiectasia occur on mucocutaneous sur-
faces such as skin, the gastrointestinal tract and buccal mucosa. VMs
occur in internal organs such as the liver, lung and brain. The severity,
age of onset and locations of the vascular lesions are variable. The
most common clinical manifestation is spontaneous and recurrent
epistaxis beginning at 12years of age.3 Approximately 25% of HHT
patients will have gastrointestinal bleeding which most commonly
begins after 50years of age.® Diagnosis is based on consensus clinical
diagnostic criteria, the Curacao criteria, from the Scientific Advisory

Board of the HHT Foundation International Inc.* A definite diagnosis
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of HHT can be made on the basis of at least three of the four criteria
listed in Table 1.

2 | GENETIC MUTATIONS AND GENOTYPE
PHENOTYPE CORRELATION

HHT is an autosomal dominant disease from mutations mainly in
endoglin, ENG, (HHT1) or activin A receptor like 1, ACVL1, (HHT2)
genes which account for the vast majority of cases.>® These
ACVRL1 and ENG genes encode a bone morphogenetic protein
(BMP) receptor activin receptor like kinase 1 (ALK1) and a co-
receptor for the transforming growth factor (TGF) beta family
called endoglin, respectively.>® Mutations in the mother against
decapentaplegic homologue 4, SMAD4, gene (that encodes compo-
nents of the BMP9/ALK1 signalling pathway) have been described
in a subset of HHT patients with a juvenile polyposis/HHT overlap
syndrome (JP-HHT), but the frequency of these mutations in the
HHT population is small (up to 2%).”"” More recently, there has
been identification of variants in the growth differentiation factor
2 (GDF2) gene which encodes BMP9 that is associated with lower
plasma BMP9 levels and pulmonary AVMSs. There remains a mi-
nority of patients who meet clinical criteria for HHT diagnosis but
who do not have one of the recognised mutations. Furthermore,
the 100000 Genome project designed to identify genetic variants
that cause rare, inherited diseases has seen recent reports iden-
tifying low-grade mosaicism through bidirectional whole genome
sequencing in HHT patients.'? These patients had an established
HHT diagnosis by Curacao criteria and were presenting as the
index case in their family.*!

HHT exhibits incomplete penetrance, and clinical manifesta-
tions vary between and within families both in onset and severity
of disease, even from the same mutation. There is a degree of geno-
type-phenotype correlation in HHT1 and HHT2 patients, but there
remains variability.?

Molecular genetic testing can be offered to at risk family mem-
bers if the particular mutation is known. Molecular genetic testing
approaches can include serial single gene testing, use of a multi-gene
panel and a more comprehensive genomic testing.

The role of genetic testing is gaining prominence in the diag-
nosis of HHT, particularly as the genetic diagnostic rate has been
shown to be similar in those with 3 or 1-2 Curacao criteria in a

Epistaxis Spontaneous and recurrent

Family history A first-degree relative with HHT

Telangiectasia
fingers and nose)

Visceral lesions
hepatic, cerebral or spinal AVMs
Definite HHT: 3 criteria

Suspected HHT: 2 criteria
Unlikely HHT: <2 criteria

Key points

1. Hepatic vascular malformations in hereditary haem-
orrhagic telangiectasia (HHT) are common, but often
asymptomatic.

2. Doppler ultrasound allows characterisation and staging
of hepatic vascular malformations.

3. Echocardiography should be performed in those with
hepatic manifestations of HHT.

4, Symptomatic hepatic manifestations can be treated with
medical therapy, with Bevacizumab second line. Novel
therapeutic agents are being developed.

5. Liver transplantation is the only curative option for
those who do not respond to medical therapy.

cohort of pulmonary AVM patients.*® It should be remembered that
while negative gene testing for HHT does not exclude the diagnosis,
positive genetic testing is confirmatory, regardless of symptoms.
Genetic testing should be offered as part of the work up for pa-
tients with suspected HHT who do not otherwise meet diagnostic
criteria.

This reinforces the increasing importance of identifying muta-
tions and offering genetic testing in patients to diagnose HHT, par-

ticularly where the classical clinical features are subtle.

3 | PATHOPHYSIOLOGY

Vascular endothelial cells are regulated by pro- and anti-angiogenesis
factors with a change in the balance of these factors triggering either
active angiogenesis or vascular quiescence (see Figure 1).* HHT can
be described as an imbalance between antiangiogenic factors (such
as BMP9) and proangiogenic factors (such as vascular endothelial
growth factor; VEGF).}> VEGF is a regulator of angiogenesis and is
upregulated in a variety of states including malignancy and inflam-
matory conditions.*® Vessels formed by VEGF are abnormal, similar
to those seen in HHT.2®

Abnormal plasma concentrations of TGF-p and VEGF occur due
to alterations in the cell signalling pathway as a consequence of the

TABLE 1 The Curacao criteria for HHT
diagnosis.®

Multiple telangiectasia at characteristic sites (lips, buccal mucosa,

Including gastrointestinal telangiectasia (+ bleeding); pulmonary,

Abbreviations: AVMs, arteriovenous malformations; HHT, hereditary haemorrhagic telangiectasia.
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FIGURE 1 Overview of the signalling pathway for VEGF and its effect on angiogenesis (A) shows the normal physiological state with
balance between pro- and anti-angiogenic factors. BMP9 activates ALK1 aided by the co-receptor endoglin and TGF-f activates ALK5 with
resultant activation of intracellular SMAD pathways regulating VEGF. (B) shows the pathological changes in HHT where mutations affecting
BMP9, ALK1 or endoglin cause reduced ALK1 signalling resulting in increased ALK5 signalling and ultimately increased VEGF levels. ALK,
activating receptor like kinase; BMP9, bone morphogenetic protein 9; HHT, hereditary haemorrhagic telangiectasia; JP-HHT, juvenile
polyposis hereditary haemorrhagic telangiectasia; SMAD, mother against decapentaplegic homologue; TGF, transforming growth factor;

VEGF, vascular endothelial growth factor.

recognised HHT mutations in ENG, ACVRL1 and SMAD4 genes. All
of these contribute to cell signalling via the TGF-/BMP signalling
pathway which contributes to cell growth and differentiation as
well as vascular remodelling and maintenance. It is notable that the
products of these mutated genes seen in HHT patients are all loss of
function mutations within the same signalling pathway (BMP9/10)
with any mutation in this (BMP9, ACVRL1, ENG and SMAD4) result-
ing in elevation of VEGF through reduced ALK1 pathway signalling
(see Figure 2). The main result of BMP9/10 signalling is vascular qui-
escence.”18 Recently, mutations in the growth differentiation factor
2 (GDF2) gene (encoding BMP9) have been described in a vascular
syndrome with phenotypic features of HHT but the contribution of
GDF2 mutations to HHT is estimated to be less than 1%.1%2°

4 | CLINICAL MANIFESTATIONS

The variability in clinical features of patients with HHT in terms of
distribution, severity and complications means that there are likely
to be local factors that contribute to any underlying phenotype.
These other factors could be the influence of other modifier genes,
repeated tissue injury and chronic inflammation.?*?2 An abnormal
endothelium may also lead to impaired synthesis of von Willebrand
factor and prolonged bleeding.23

HHT shows age-related penetrance with increased clinical man-
ifestations developing over time. However, there are common pat-
terns with epistaxis onset often earlier in the disease course and
predating telangiectasia and cerebral arteriovenous malformations
(AVMs) often congenital.z“’26 A summary of the recommended

baseline screening investigations is shown in Table 2.

HHT1 from a mutation in ENG is more associated with pulmo-
nary and cerebral AVMs. Epistaxis tends to occur at a younger age,
and pulmonary AVMs appear at an earlier age as well as being more
frequent.12 HHT2 resulting from ACVRL1 mutation is more associ-
ated with liver and spinal VMs as well as epistaxis and pulmonary
hypertension as summarised in Table 3.2’ Mutations in SMAD4 result
in JP-HTT associated with gastrointestinal polyps, pulmonary hyper-
tension and pulmonary VMs.%

At a population level, HHT patients have reduced life expec-
tancy but this is dependent on the extent of the disease, with some
patients having a normal life expectancy. A case-controlled study
utilising a UK database compared 675 HHT patients with age and
gender matched healthy controls found that HHT patients were
more likely to have cerebral abscess, migraine, stroke, heart fail-
ure, colon cancer and bleeding complications with a hazard ratio for
death in HHT patients of 2.03.28

Patients with a diagnosis of HHT should be under regular review
even where asymptomatic, with a schedule depending on hepatic
VMs stage. The review should include clinical evaluation for any
symptoms or signs that could relate to HHT. Full blood count will
highlight anaemia, echocardiogram will reveal changes of concern in
the asymptomatic patients and pulmonary VMs should be screened

for at least every 5years.

5 | HEPATIC INVOLVEMENT IN HHT

Hepatic VMs are seen in up to 74% of HHT patients, whereas
only 8% are symptomatic at diagnosis.”’30 Average mortality
and morbidity rates due to liver VMs were 1.1 and 3.6 per 100
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FIGURE 2 Cell signalling pathway outlining the main pathways of both pro- and anti-angiogenic factors that are involved in the
pathophysiology of HHT. Vascular quiescence occurs when BMP9 binds to the ALK1 receptor resulting in phosphorylation of SMAD 1/5/9.
This in turn combines with SMADA4 ultimately resulting in transcriptional alterations leading to upregulation of VEGF1 which is a decoy that
inhibits the pro-angiogenic effects of VEGF2 signalling. Simultaneously, ANGPT2 is downregulated. When ANGPT1 is present in higher
levels than ANGPT2, it blocks activation of SMAD independent processes, particularly PI3K, through the Tie2 receptor which is pro-
angiogenic. A further effect of the ALK1/BMP9 pathway is maintaining PTEN in its active form which blocks downstream effects of PI3K.
ANGPT2, angiopoietin 2; ALK, activating receptor like kinase; BMP9, bone morphogenetic protein 9; PI3K, phosphoinositide 3-kinase; PTEN,
phosphatase and tensin homologue; SMAD, mother against decapentaplegic homologue; TGF, transforming growth factor; VEGF, vascular
endothelial growth factor.

TABLE 2 Screening recommendations in newly diagnosed or TABLE 3 Summary of the genotype-phenotype correlation seen
suspected HHT patients.?? in HHT1 and 2.

Baseline investigations in newly diagnosed or suspected HHT HHT1 HHT2

patients: . .

1. Anaemia and iron deficiency screening at least annually Epistaxis T+ T+

2. Screening for liver VMs by ultrasound scan if asymptomatic Gl bleeding + ++

3. Discuss the pros and cons of brain MRI to search for cerebral Liver VMs " —

VMs

4. Transthoracic contrast echocardiogram= lung CT scan Pulmonary VMs ++ +

5. Propose genetic testing Cerebral VMs ++ +
Abbreviations: CT, computed tomography; HHT, hereditary Spinal VMs - +

haemorrhagic telangiectasia; MRI, magnetic resonance imaging; VMs,

; Abbreviations: HHT, hereditary haemorrhagic telangiectasia; VMs,
vascular malformations.

vascular malformations.

person-years, respectively, in a longitudinal cohort.3* They are imaging technique in patients with HHT due to its safety, tolerabil-
more common and tend to be more severe in HHT2.3? The mean ity, low costs and accuracy for the detection of liver VMs.26 This
age at diagnosis of liver VMs is 48 years and is more common in allows characterisation and staging of any liver VMs (see Figure 3;
females.®33 Doppler ultrasound scan of the liver is the first-line Table 4). Early changes seen with ultrasound scan include dilation
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FIGURE 3 High-frequency colour Doppler study of the liver in a HHT patient can show the presence of multiple peripheral VMs (arrows).

of the hepatic artery (see Figure 4) and a low resistivity index (see
Figure 5). Ultrasound scan is also effective at characterising later
stage VMs (see Figure 6).

Wherever expertise in Doppler US is lacking, multiphase CT
can be used, particularly for investigation of symptomatic liver
VMs in HHT. CT may also be required, depending on either the
presence of focal liver lesions or on the severity of liver VMs and
their haemodynamic impact; it is always used in complicated liver
VMs considered for LT, particularly the most ominous complica-
tion of liver VMs in HHT, that is, necrotising cholangitis with for-
mation of bilomas. MR imaging can also show hepatic VMs. The
abnormalities are better depicted on MR angiograms and dynamic
MR images, providing a map of anomalous vessels and analysis of
filling kinetics; MR has been proven to be as accurate as multi-
row CT over which it has the advantage of the absence of ionis-
ing radiation. Echocardiography should be performed when liver
VMs are found to provide information on their haemodynamic
consequences.>* Liver biopsy should be avoided due to the risk
of bleeding.

Liver VMs typically present as small diffuse lesions throughout
the liver more than discrete large VMs. Three types of intrahe-
patic shunting can be seen (Table 5); (1) hepatic artery to hepatic
veins; (2) hepatic artery to portal veins and (3) portal veins to he-
patic veins, leading to different and potentially overlapping clinical

features including portal hypertension (PH) with ascites and vari-
ceal bleeding; biliary ischaemia with possible subsequent necrosis
and high-output cardiac failure (HOCF) (see Figures 7 and 8).3>3¢
Perfusional changes within the liver (see Figure 9) may also lead to
nodular regenerative hyperplasia and focal nodular hyperplasia.37
Evaluation of liver lesions can be complex in HHT patients. Firstly,
the liver can erroneously appear cirrhotic due to the alterations in
hepatic blood flow and resultant diffuse or focal hepatic regen-
erative activity, so called pseudocirrhosis (see Figures 9 and 10).
Secondly, this altered hepatic blood flow may also make interpre-
tation of the vascular characteristics of a liver lesion more difficult
to interpret, with examples of liver lesions shown in Figures 11
and 12.%8 Whilst there have been case reports of hepatocellular
carcinoma in HHT patients, both in those with and without an ad-
ditional risk factor, it is rare.??"4!

Most patients are asymptomatic and do not need treatment
for hepatic VMs. The commonest clinical manifestation in those
who display symptoms is high-output cardiac failure (HOCF), but
complicated PH occurs at a rate comparable to that of HOCF (1.4
and 1.2, per 100 person-years, respectively); HOCF and compli-
cated PH each account for about half of hepatic VM-associated
fatalities.3! HOCF occurs due to intrahepatic shunting, thus the
importance of echocardiographic monitoring to assess cardiac

t.42

outpu Anaemia, particularly where difficult to control epistaxis
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VM grading Ultrasound features

0+ Hepatic artery diameter 5-6 mm and/or
Peak flow velocity >80cm/s and/or
Resistivity index <.55 and/or
Peripheral hepatic hypervascularisation

TABLE 4 Ultrasound grading of hepatic
VMs 38

1 Hepatic artery dilation, only extrahepatic >6 mm and

Peak flow velocity >80cm/s and/or
Resistivity index <.55

2 Hepatic artery dilation extra- and intrahepatic and

Peak flow velocity >80cm/s

Possible association with moderate flow abnormality of hepatic artery

+ portal veins

3 Complex changes in the hepatic artery and its branches with marked

flow abnormalities associated with:

-moderate dilatation of hepatic + portal veins

-abnormality of hepatic + portal vein flow

4 Decompensation of arteriovenous shunt such as:

-marked dilation of hepatic + portal vein

-marked flow abnormalities on both arteries and veins

FIGURE 4 Early stages of HAVMs ultrasonography can show dilatation of hepatic artery (HA, in the figure 8mm). A, aorta, VC, vena cava.

is a feature, can exacerbate this. In liver involvement, HOCF prin-
cipally occurs from hepatic artery to hepatic vein shunting.3%43
The VMs have increased blood flow which in turn can cause vas-
cular dilation and also reduced vascular resistance. This leads to

attempted cardiac compensation for the resultant fall in blood

pressure with an increase in cardiac output and heart rate.
Echocardiography should be performed in patients with hepatic
VMs to assess their haemodynamic significance, with particular
attention paid to cardiac index and pulmonary artery pressures.
Where patients describe symptoms of heart failure, or when
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FIGURE 5 Colour Doppler study of intrahepatic arterial flow shows a low resistivity index (RI, arrow) consistent with the presence of

intrahepatic AV shunting. Note prominent intrahepatic vessels.

echocardiogram suggests an intermediate or high probability of
pulmonary hypertension, right heart catheter studies should be
performed. Anicteric cholestasis is observed in one-third of pa-
tients with liver VMs and correlates with the severity of VMs
and their complications.3¥**% Much rarer presentations of liver
VMs in HHT are encephalopathy, mesenteric angina and ischemic
cholangitis.

Predictors for the development of significant disease from
liver VMs include HHT 2 genotype, stage IV liver VMs, (as shown
by Doppler ultrasound, Table 4) both of which were prospectively
developed.®! Retrospective analysis has also identified the follow-
ing factors as predictive of significant disease: age at presentation
greater than 47 years; female gender; haemoglobin at presentation
and serum alkaline phosphatase more than 3001U/L.*> MRI can
provide a thorough anatomical assessment of hepatic VMs, how-
ever, CT findings do not correlate with liver VM severity or clinical
manifestations.*¢~48

In a longitudinal cohort, all eight patients who died had stage
4 liver VMs at baseline, which was a significantly greater mortality
rate (p .001) than in patients with other liver VMs stages between
.5 and 3. The absolute mortality rates in the symptomatic patients
was 15% versus 4% in asymptomatic patients at diagnosis; also,
a significantly better outcome was seen in treatments given to

the subgroup of patients who were asymptomatic at baseline.
Altogether these data confirm that patients with severe hepatic
VMs, particularly if symptomatic, have a worst outcome than
patients with milder stages of hepatic VMs. HHT patients with
hepatic VMs showed also a significantly greater morbidity than
controls without hepatic VMs.3!

6 | TREATMENT OPTIONS

Most individuals with symptomatic hepatic VMs can be managed
with medical therapy,®! whereas asymptomatic cases do not require

treatment.

6.1 | Firstline medical therapy
6.1.1 | HOCF

High-output cardiac failure is managed with diuretics, salt restric-
tion, treatment of anaemia and control of any arrhythmia such as
atrial fibrillation including risk assessment for anticoagulation.36
These patients should be managed by those experienced in HOCF.%¢
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FIGURE 6 Instage 4, HAVMs colour Doppler ultrasonography can show dilation of hepatic veins (HV), prominent and tortuous
intrahepatic artery branches (arrows), also surrounding portal vein (PV). Note heterogeneity of hepatic parenchyma.

TABLE 5 Type of hepatic VM and predominant clinical
manifestation.

Type of VM Clinical Manifestation

Arteriovenous HOCF
Biliary ischaemia

Portal hypertension
Biliary ischaemia

Arterioportal

Porto venous HOCF
Hepatic encephalopathy

6.1.2 | Portal Hypertension

Portal hypertension and hepatic encephalopathy should be
treated in a similar manner to patients with cirrhosis. Ascites is
managed with sodium and fluid restriction and the use of diuret-
ics (spironolactone with or without furosemide) and large volume
paracentesis in refractory cases.*’ Screening for varices should be
performed and if present, managed with beta blockers or endo-
scopic band ligation if medication is contraindicated or not tol-

erated.”® Hepatic encephalopathy management is the same as in

patients with cirrhosis and includes treatment with lactulose and
rifaximin as well as identifying and treating potential triggers such
as electrolyte disturbance, bleeding and infection. Caution may be
required with the use of non-selective beta blockers in patients
with severe HOCF and they should be used only after consultation
with the treating cardiologist. Additionally, transjugular intrahe-
patic portosystemic shunt insertion for either ascites or bleeding
may worsen the hyper dynamic circulation and precipitate cardiac

failure and so should be avoided.

6.1.3 | Biliary complications

Antibiotic treatment is used in HHT patients with cholangitis.
Endoscopic retrograde cholangiopancreatography (ERCP) and stent-
ing has a limited role as large duct obstruction is not usually pre-
sent and ERCP has a risk of infection especially in ischaemic ducts.
Patients with biliary necrosis have a poor prognosis. Necrotising
cholangitis with potential biloma formation and hepatic necrosis
is a rare and particularly severe complication of hepatic VMs with
high mortality rates which has prompted treatment with urgent liver

transplantation.”®
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FIGURE 7 Arterio-portal shunting
showing opacification of intrahepatic
portal vein branches (blue arrow) during
the arterial phase of image acquisition.

FIGURE 8 Enlarged hepatic artery (blue arrow) from increased
blood flow due to the hyperdynamic circulation in a HHT patient.

6.2 | Second line medical therapy

The majority of patients managed in accordance with the first-line
medical therapies outlined above show a complete treatment re-
sponse (63%), with a partial response in a further 21%.%! Relatively
few do not respond to these treatments with death in 14%, all of
whom had stage 4 disease at baseline.®*

For those who fail the above medical therapies, there has been
increasing use of Bevacizumab, a recombinant humanised monoclo-
nal antibody designed to inhibit tumour induced neo-angiogenesis
through VEGF inhibition.>? It prevents endothelial proliferation and

[ |
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induces cell death and so both inhibits blood vessel growth and
causes regression of existing blood vessels.?® It is administered in-
travenously and because HHT is a multivisceral disease, systemic
therapy should be beneficial although there have been attempts to
use it topically particularly for epistaxis. Adverse effects include hy-
pertension, proteinuria, venous thromboembolic disease, intestinal
perforation and poor wound healing.

Although Bevacizumab was initially used as treatment for ma-
lignancy, it was noted that in those who also had HHT there was
improvement in epistaxis and cardiac failure.*>>* This led to further
study on the efficacy of Bevacizumab in HHT patients with symp-
tomatic liver manifestations associated with high cardiac output and
reported results after 6months follow-up.*® Patients with cerebral

d. Analysis of 24 patients showed a response

AVMs were exclude
in 20 with normalisation of cardiac index in 3 and partial response
(any reduction in cardiac output) in 17. There was no response to
Bevacizumab in four of the patients.** Overall, there was a signif-
icant decrease in cardiac output measured by echocardiography
from baseline (median 5.05L/min/m?) to 3months (median 4.2L/
min/m? p<.001) and 6 months (median 4.1 L/min/m?) at 6 months.*®
Mean duration of epistaxis also improved (p=.008) from 221 min per
month (range 0-947) initially to 134 min at 3months (range 0-656)
and 43 min at 6months (range 0-310).*3 Clinical improvements were
seen in dyspnoea and normalisation of pulmonary pressure in pa-
tients with pulmonary arterial hypertension before treatment were
also seen.*®

Thus, bevacizumab can be considered for patients with symp-

tomatic high-output liver VMs who fail to respond sufficiently to
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FIGURE 9 Coronal and Axial slices through CT scan imaging of a patient with HHT demonstrating the perfusional changes that can occur.

FIGURE 10 Venous (A) and arterial phase (B) images of an HHT patient demonstrating pseudo cirrhosis and varices (blue arrow) with
abnormal arterial perfusion respectively.

FIGURE 11 Liver lesions showing enhancement in the arterial phase (A) with washout in the porto-venous phase (B).

first-line treatment and are not candidates for liver transplanta- A proposed regimen for the use of intravenous bevacizumab is

tion.?® In addition, it has also been shown to be effective in treating an induction regimen, given at 5mg/kg at 14-21day intervals for six

1,55-60

bleeding and thus anaemia that occurs in HHT patients. infusions. Some advocate for moving to a maintenance regimen after
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FIGURE 12 Examples of hypo attenuated lesions in coronal and axial views respectively of the same patient with HHT.

three infusions if sufficient clinical response is seen.®’ Maintenance
dosing is variable, and tends to be tailored to the patients’ response
and any complications of therapy.®!

The data for the use of bevacizumab is limited to small numbers
of patients, principally given the rare nature of HHT. Its role is not
certain, particularly optimal dosing regimens and its role in poten-
tial liver transplant patients. Caution should be exercised where
patients have thrombocytopenia and especially where oesophageal
varices may be present.

Although bevacizumab is well tolerated in HHT, side effects do occur
and may influence patient selection for this therapy. It is recommended
the patients on bevacizumab have blood pressure, blood chemistry and
urine protein monitoring.*>>>2%3 Data suggest disease manifestations
can return if bevacizumab is discontinued so maintenance treatment is
recommended but no standard protocol exists.>>¢%%4

Embolisation of hepatic VMs has previously been attempted
given its success in treating pulmonary AVMs but has significant
complications such as hepatic or biliary necrosis, cholangitis and had

a mortality risk and thus is not recommended.?*¢°

6.3 | Livertransplantation

Liver transplantation (LT) is the only potentially curative option
for those patients with symptoms from hepatic VMs (including
high-output cardiac failure) that do not respond to intensive medi-
cal management.?630:56=71 Referral for consideration of LT for pa-
tients with symptomatic complications of liver VMs specifically
refractory HOCF, biliary ischaemia or portal hypertension should
be considered. Liver VMs in HHT are not associated with liver in-
sufficiency, and are included in MELD (Model for End Stage Liver
Disease) exceptions’?; a MELD score for liver involvement in HHT
has been proposed with a score of 22 for intractable HOCF/PH,
and 40 for ischemic biliary necrosis.”® Insofar priority for patients
with liver VMs requiring LT should be assessed with experts of
HHT.”2 Outcomes after LT in hepatic HHT are favourable, with
good 5-year and 10-year survival (92%-82%).%® Asymptomatic
rare and late recurrence of liver VMs post transplantation has

been reported (8 from 40 patients at a median time of 127 months
post-transplant).”*

The timing of listing for liver transplantation can be challenging,
requiring a balance between the potential morbidity and mortality
rates associated with liver transplantation as well as the potential for
progressive complications of HHT affecting candidacy for LT. The de-
cision to list for LT should be supported by predictors of outcomes
namely stage 4 liver VMs at baseline, HHT2 genotype, age at pre-
sentation more than 47years, female gender, haemoglobin level at
presentation <8g/dL and alkaline phosphatase level at presentation
>300 UI/L.3M** Additional features suggestive of poorer prognosis
include the presence of biliary ischaemia or sepsis, elevated serum
bilirubin, atrial fibrillation and high blood transfusion requirements.”

Whilst bevacizumab may be considered a bridge to transplanta-

2676 it inhibits wound healing and generally it is recommended

tion,
the treatment is discontinued at least 1month prior to surgery
(2-6months optimal) whilst minimising time off therapy.>® This is
challenging to achieve for those on the transplant waiting list.

Rates of non- or partial response to bevacizumab and recurrence
of symptoms or signs post drug withdrawal make it unsuitable as a
replacement for LT but may offer a bridging role and need for trans-
plantation reassessed in light of response.?®’¢ However, a major
issue with LT is the availability of organs. Therefore, development
of novel therapies as a further management strategy are required.

Post liver transplant immunosuppression is centred around calci-
neurin inhibition. However, mammalian target of rapamycin (nTOR)
inhibitors have been suggested due to their role in angiogenesis.””
There is experience with this class of drug post liver transplantation
with an understanding of the risk benefit profile of their introduc-
tion.”® Introduction of sirolimus is often delayed in the early weeks
post liver transplantation due to concerns on its effect on wound
healing and hepatic artery thrombus risk.

7 | NOVEL THERAPEUTIC OPTIONS

Whilst there are therapies available, particularly with bevacizumab,
thereis still a need for the development of additional therapies where
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FIGURE 13 Cellsignalling pathway outlining the main pathways of both pro- and anti-angiogenic factors that are involved in the
pathophysiology of HHT labelled with potential sites for drug targeting labelled. ANGPT2, angiopoietin 2; ALK, activating receptor like
kinase; BMP9, bone morphogenetic protein 9; PI3K, phosphoinositide 3-kinase; PTEN, phosphatase and tensin homologue; SMAD, mother
against decapentaplegic homologue; TGF, transforming growth factor; TKI, tyrosine kinase inhibitor; VEGF, vascular endothelial growth

factor.

bevacizumab is not effective or poorly tolerated. Furthermore, novel
therapies which may reverse the abnormal vasculature in HHT could
potentially provide a curative option. With this in mind, two drug
repositioning methods have been utilised. Firstly, repurposing anti
angiogenic drugs used in cancer therapy (anti VEGF antibody, tyros-
ine kinase inhibitors) in a similar manner to how bevacizumab was
discovered could address the imbalance of pro and anti-angiogenic
factors that are the hallmark of HHT. Secondly, non-targeted screen-
ing of existing drug libraries using an HHT cellular assay could iden-
tify previously unrecognised therapeutic targets. Potential action
sites for drug therapies in the cell signalling pathway are summarised
in Figure 13.

Thalidomide is a drug with both vascular and immunomodula-
tory effects. Its anti-angiogenic activity may be due to suppression
of VEGF, with serum levels of VEGF reduced in patients using thalid-
omide with gastrointestinal bleeding.”*#°

Tyrosine kinase inhibitors (TKIs) have antiangiogenic molecules
which could also target the VEGF signalling pathway and can be used
orally. Sorafenib, a dual RAF kinase/VEGF receptor inhibitor with addi-
tional tyrosine kinase targets, and pazopanib and an investigational an-
alogue (multi-target TK inhibitor with anti-VEGF receptor properties)

were beneficial in murine models improving anaemia from bleeding
in the gastrointestinal tract more than mucocutaneous lesions in the
upper aerodigestive tract.8! A study in humans of pazopanib suggested
this drug can reduce bleeding in HHT patients in a proof of concept
study.®? A case study of a patient given Nintedanib which targets the
platelet derived growth factor, fibroblast growth factor and VEGF re-
ceptors for pulmonary fibrosis who also had HHT noticed a reduction
in epistaxis that had bene refractory to other treatments suggesting
the use of this drug could be explored further.®

Tacrolimus is a calcineurin inhibitor used as an immunosup-
pressive agent, but may have a role in activating the ALK1-SMAD
pathway improving defects caused by ALK1 loss.®* The mechanism
of action in activating this pathway is not understood, but there is
potential for this to act directly on the cellular pathological process
in HHT. Tacrolimus has also been suggested as a potential treat-
ment for pulmonary arterial hypertension irrespective of HHT.®®
However, a case report of a pulmonary arterial hypertension patient
with HHT treated with tacrolimus saw improvement in epistaxis that
was previously refractory to therapy but no effect on pulmonary ar-
terial hypertension although tacrolimus in HHT still warrants further

investigation.®¢
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The mammalian target of rapamycin (mTOR) is over produced,
similarly to VEGF in HHT patients.”” When Sirolimus was given post
liver transplant to patients with HHT who had multiple AVMs, telan-
giectasia, epistaxis and anaemia, they improved.f’s'87

Developments over time in mice models have allowed the inves-
tigation of these putative drug therapies. Initially, mice that were
null for ACVR11 or Eng did not survive, while heterozygous mice for
either gene had a minimal phenotype with normal survival. Thus,
conditional knockout mice allow inactivation of ACVR11 or Eng at
selective times and cells and provide reproducible models of VMs 88

Angiopoietin 2 (ANGPT2) is a potent angiogenic factor act-
ing through the TK receptor, and anti-ANGPT2 antibodies have
been tested in animal models of HHT improving AVM formation.®’
Downstream of VEGF and ANGPT2, PI3-kinase is also involved in
the cell signalling pathway that is disrupted in HHT. PI3-kinase in-
hibitors have been efficacious in murine experimental HHT models
although there have been no clinical trials as yet.”%%!

8 | CONCLUSION

HHT is a rare disease of blood vessel formation. Knowledge on
the genetic and cell signalling pathways that underpin it have been
elucidated in the last two decades. Clinical manifestations are well
described with hepatic vascular malformations common; even if
symptomatic disease is relatively infrequent at diagnosis, liver VMs
entail a non-negligible mortality and morbidity over the follow-up.
The commonest clinical manifestation in those patients with liver
involvement is high-output cardiac failure. Portal hypertension can
also occur either directly from hepatic artery to portal venous shunts
or nodular regenerative hyperplasia from an abnormal hepatic blood
supply. Biliary complications including biliary ischemia and possibly
necrosis are also features.

Bevacizumab, an anti-VEGF monoclonal antibody, is effective in
reducing cardiac output in those with liver manifestations of HHT
and also other symptoms of this condition including bleeding. Whilst
liver transplantation is the only curative option for liver VMs, it is a
major surgery. Therefore, novel therapies for HHT patients are de-
sirable, with ongoing research into anti-angiogenic drugs and those
which target the aberrant cell signalling pathway being explored but
more data are needed.
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