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THE THESIS AT A GLANCE 


Hereditary hemorrhagic telangiectasia (HHT) is a rare, genetic disorder that causes 
 abnormal blood vessels in mucous membranes, skin and internal organs. HHT often 
 leads to episodes of nosebleeds (epistaxis) which can be very frequent and 


bothersome, with substantial negative impact on the quality of life (QoL) in affected 
 individuals. At present, there is no cure, and the treatment is supportive. Because the 
 severity of epistaxis varies greatly from patient to patient, the treatment needs to be 
 individually customized. Numerous treatment options are available, with associated 
 side effects and limitations. Thus, the development of new treatment methods is 
 constantly indicated. 


The development of blood vessels (angiogenesis) is abnormal in HHT, and this gives 
 rise to the clinical features observed in the disorder. Bevacizumab is a relatively new 
 and intriguing therapeutic option in HHT, and works by inhibiting angiogenesis. It 
 works by binding the pro-angiogenic molecule Vascular Endothelial Growth Factor 
 (VEGF). When bevacizumab is injected in the nose it can improve the epistaxis 
 severity in most of the HHT patients, and the side effects are believed to be minimal. 


Yet, previous studies regarding this treatment had short observation periods and a low 
 number of included patients. In addition, based on case reports and our own 


experience, we suspected that some patients would have a gradual loss of treatment 
 response over time. Accordingly, we aimed to study the effect of intranasal 


bevacizumab injections over a long-term period of several years with respect to 


epistaxis severity and quality of life, in a cohort of 33 patients included from 2011 in a 
 prospective, uncontrolled case series study. Additionally, any adverse outcomes would 
 be reported. 


During the observation period, it became clear that the treatment response was very 
individual. Most of the patients had a very good response; some gradually lost the 
effect, while a minority was resistant from the start. Thus, it became important for us 
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to investigate if it was possible to predict which patients would benefit from 
 bevacizumab injections. Consequently, we investigated if VEGF and other related 
 angiogenic factors in the serum of HHT patients correlated with the epistaxis severity. 


The same factors were also compared to healthy controls. Measuring the epistaxis 
severity in HHT is important to evaluate the treatment effectiveness. However, the 
present scoring systems are based on subjective evaluations of the patients and 
additional objective methods are warranted.
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1. INTRODUCTION 


Hereditary hemorrhagic telangiectasia (HHT) is a rare, autosomal dominant inherited 
 disease that leads to formation of abnormal blood vessels, and typically presents with 
 frequent epistaxis. Multiple, tiny dilated blood vessels in the skin and mucous 


membranes are typical features in affected individuals. These lesions are called 
 telangiectasias and resemble superficially located red dots. 


In addition, abnormalities in larger vessels occur, producing direct communication 
 between arteries and veins. These abnormal vessels are known as arteriovenous 
 malformations (AVMs) and are seen in internal organs, such as lungs, liver and the 
 central nervous system (CNS). Because of their fragile structure, the telangiectasias in 
 the nose and gut mucosa are prone to bursting, usually causing recurrent epistaxis or 
 less commonly gastrointestinal (GI) bleeding. Thus, affected patients may suffer from 
 iron deficiency anemia and diminished quality of life (QoL). There is no cure at 
 present, and although numerous treatment options are available to control and prevent 
 bleeding, there is an unmet clinical need for additional therapies. This thesis includes 
 papers that focus on a new treatment method in treating HHT associated epistaxis. 


Additionally, the novel finding of a biomarker that may have implications for clinical 
 practice and contribute to the understanding of the disease mechanism in HHT is 
 discussed. Based on our findings, we have renewed the treatment algorithm for HHT 
 associated epistaxis at Oslo University Hospital (OUH), Rikshospitalet. 


Historic background 


The disease was first described  as a “Severe, recurrent epistaxis and a malformation 
 of the vascular system” by Sutton1 (1864). Babington2 (1865) was the first to 


recognize this as an inherited epistaxis syndrome. Later on, Rendu3 (1896) reported the 
widespread nature of the cutaneous and mucosal telangiectasias. Then, Osler4 (1904) 
clearly differentiated the disorder from hemophilia and further established its 
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hereditary character. Following this, Weber5 (1907) was first to describe a case series 
 of patients with the condition. Hanes6 (1909) was the first physician to use the term 


“hereditary hemorrhagic telangiectasia” in a paper. The disease is also known as 


“Rendu-Osler-Weber disease” or sometimes simply as “Morbus Osler”. Almost a 
 century later (1994) the ENG mutation at chromosome 9 causing HHT type 1 was 
 identified.7 The other common genetic mutation in ACVRL1 in chromosome 12 
 causing HHT type 2 was described shortly thereafter (1996).8 The clinical diagnostic 
 Curacao criteria were published in 20009 and the evidence-based international 


guidelines were first developed in 2006 and published in 2011.10


Epidemiology 


About 1 in 5000-8000 individuals suffer from HHT worldwide11,12, with regional 
 discrepancies.13 Moreover, isolated communities may show a skewed geographical 
 distribution.14,15 For example, in Northern Norway there is a community with a 
 disproportionate high number of HHT patients due to a “founder mutation”.14  


Because HHT is an autosomal dominant disease, the expected male to female ratio is 
 anticipated to be 1:1. Despite this, most studies show a higher female to male ratio.16,17
 This is probably due to a recruitment bias where females are more oriented towards 
 self-care than males. 


Genetics and pathogenesis 


HHT is inherited in an autosomal dominant pattern, with an age dependent penetrance, 
and many patients have only minor symptoms until later in life.18 The disorder is not 
clinically evident at birth, but rather gradually evolves into the recognizable phenotype 
as the telangiectasias develop.19,20 Most cases of HHT are due to pathogenic variants in 
ENG encoding for endoglin in chromosome 97, or in ACVRL1 in chromosome 12 
encoding for activing receptor-like kinase 1.8 The transmembrane proteins ACVRL1 
and endoglin activates SMAD4, which influence transcription in the nucleus. Mutation 
in SMAD4 leads to an often more severe form of HHT with juvenile GI-tract 
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polyposis (JPHT), but is much rarer than the former two.7,8,21 All three variants result 
 in haploinsufficiency (loss of gene product required to maintain normal function), 
 again leading to abnormal signaling by the transforming growth factor-beta/bone 
 morphogenetic protein (TGFβ/BMP) pathway in the vascular endothelial cells. This 
 pathway is responsible for cell differentiation, angiogenesis, homeostasis and 


migration (Fig. 1). The abnormal signaling in the TGFβ/BMP pathway leads to a 
 persistent angiogenesis and the development of the characteristic vascular lesions 
 (telangiectasias and AVMs) in HHT. 


The initial morphologic change in the pathogenesis of HHT appears to be focal 
 dilatation of post-capillary venules. These venules gradually increase in size and 
 eventually become twisted and connect to capillary arterioles through capillary 
 segments. Finally, these segments disappear, leading to direct arteriovenous 
 communication. In telangiectasias, the venules show excessive layers of smooth 
 muscle cells without any elastic fibers or an incomplete layer of smooth muscle cells. 


Similar to telangiectasias, AVMs lack intervening capillaries and consist of direct 
connections between arteries and veins, but are much larger than telangiectasias.22,23
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Figure 1: The signaling pathway involved in the pathogenesis of HHT  


ACVRL-1: Activing receptor-like kinase-1; BMP: Bone morphogenetic protein; TGFβ: Transforming 
 growth factorβ; BMPR: Bone morphogenetic protein receptor; TGFβR:Transforming growth factorβ 
 receptor.  


The type of gene mutation influences the HHT phenotype, but a significant variance is 
also observed between family members who carry the same mutation. Mutation at 
ENG causes HHT17, and mutation at ACVRL1 causes HHT28, and together they 
constitute approximately 85% of patients with the disorder.24 Owing to the extreme 
allelic heterogeneity of the disorder, over a thousand ENG and ACVRL1 variants to 
date are described to lead to HHT-like phenotypes.25 HHT1 has a higher prevalence of 
pulmonary AVMs compared to HHT2, while HHT2 is reported to have a later onset 
and a lower penetrance.7,26 On the other hand, patients with HHT2 may have higher 
risk of liver manifestations and GI bleeding.27 The more rare mutation in SMAD4 is 
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responsible for 1-2% of the cases28 and is associated with juvenile polyposis29. This 
 syndrome is known as JPHT (juvenile polyposis and HHT) and is a precancerous 
 condition. About 15% of HHT patients have an unidentified genetic cause.21
 A variable disease pattern in families with identical gene mutations is observed in 
 HHT. This suggests that the phenotype is affected by not only the gene mutation, but 
 also environmental or additional genetic factors.30,31


The “second hit” hypothesis in HHT suggests stimuli such as wounding, high blood 
 velocity32, angiogenesis or inflammation must be present in addition to 


haploinsufficiency, for the vascular lesions observed in the disorder to develop.  


Of note, HHT patients have raised levels of Vascular Endothelial Growth Factor 
 (VEGF) in serum.33-35 VEGF is a key pro-angiogenic factor, involved in both 


physiological and pathological de novo formation of new blood vessels. This insight is 
 recently applied in clinical practice, by the use of angiogenic inhibitors in the 


treatment of HHT.


Microvascular disease traits 


The microvascular traits of HHT are due to development of pathological dilated 
vessels, termed telangiectasias, in the nose, skin and GI-tract. They arise when dilated 
and elongated venules communicate directly with dilated arterioles, associated with 
the absence of the normal intervening capillary bed. They resemble red spots up to a 
few millimeters in size, and may easily burst and bleed (Figure 2). 
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Figure 2: multiple telangiectasias of the skin and mucous membranes in HHT 
 patients  


Epistaxis 


Recurrent, spontaneous and easily provoked epistaxis from the telangiectasias in the 
 nasal mucosa ( Figure 3) is the most prevalent symptom in HHT.16 It affects about 
 90% of all patients with the disorder, and has the greatest negative impact on QoL36,37
 overall. Further, epistaxis is usually the first sign of disease.17 About 95% of patients 
 with the disorder suffer from epistaxis before the age of 50, and the majority within the 
 first two decades in life.17,38


Epistaxis in HHT is recurrent and varies from mild and self-limiting, to profuse, 
 transfusion-dependent or rarely even life threatening episodes. 


HHT associated epistaxis is discussed in more detail in Chapter 2. 
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Figure 3: Telangiectasias of the nasal mucosa (Right nasal cavity) 


Telangiectasias 


In addition to the nasal mucosa, telangiectasias tend to appear in oral mucosal 


membranes, as well as the skin, in up to 90% of patients with HHT. Other predilection 
 sites include the tongue, lips, fingertips, hands and ears. Cutaneous telangiectasias 
 rarely bleed and are mostly a cosmetic concern.39 The patients commonly develop 
 more cutaneous telangiectasias as they age.17  


GI-tract 


GI telangiectasias are frequent in HHT patients, and occur primarily in the stomach 
and upper small intestines. One study described 64% gastric and 91% small intestine 
telangiectasias among 23 HHT patients.40 However, it should be emphasized that GI 
telangiectasias are most often asymptomatic. GI bleeding is seen in 13-30% of HHT 
patients (opposed to 3% in the general population), and onset is usually from age 
40.41,42 These numbers may be underestimated however, as patients and doctors are 
likely to attribute the anemia with epistaxis rather than GI-hemorrhage. 
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Macrovascular disease traits 


The macrovascular lesions observed in HHT develop by the same pathogenic 


mechanism as telangiectasias, by formation of AVMs. Yet, whereas telangiectasias are 
 numerous and comprehensively dispersed, AVMs are much larger in size and observed 
 predominantly in the liver, lung and CNS (Figure 4). 


Figure 4: Development of an arteriovenous malformation 


©Dheyauldeen 


Normal capillary bed 


Arteriovenous 
malformation 
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Liver 


In a study of 584 patients diagnosed with HHT, hepaticAVMs were reported in 40.6% 


of HHT2 and 7.6% of HHT1 patients.43 However, as HHT patients are not routinely 
 screened for liver involvement, the incidence was estimated to be higher. The majority 
 of HHT patients with hepatic AVMs are non-symptomatic. In one study, CT screening 
 showed liver involvement in 79% of 24 studied HHT patients, whereas only 26% had 
 symptoms of hepatic disease.44 The most common symptoms of hepatic AVM is high 
 output heart failure due to portal hypertension, biliary disease and portal 


hypertension.45  
 Lung 


The prevalence of pulmonary AVMs (PAVMs) depends on HHT genotype. They are 
 identified in up to 58% of HHT1 and 18% of HHT2 patients.46,47 They tend to become 
 apparent after puberty, but may also occur in children.48  PAVMs occur predominantly 
 in the lower lobes and may be multiple. They act as shunts between the systemic and 
 pulmonary circulation, due to the loss of intervening capillaries. These “right to left” 


shunts interrupt the oxygenation of the pulmonary arterial blood passing through, and 
 may lead to hypoxemia. In addition, the shunts may cause paradoxical embolic stroke, 
 and infrequently brain abscess.49 Hemorrhagic complications are rare, but can arise 
 from spontaneous PAVM rupture, and this may lead to massive hemoptysis or 


hemothorax. Approximately 20% of HHT patients without evidence of PAVM on CT 
 display evidence of right to left shunting on contrast echocardiography.47  Moreover, 
 20% of unselected HHT patients show evidence of increased pulmonary artery 
 pressure.50 This is usually not due to primary pulmonary hypertension, but rather 
 secondary to hepatic AVMs. 51


Central nervous system 


HHT patients are estimated to display cerebral vascular malformations (CVMs) in 11-
 23% of cases52,53, including cerebral arteriovenous malformations; micro AVMs; 


arteriovenous fistula and telangiectasias.54 These CVMs are most often multiple55, and 
can be present in all HHT phenotypes, without specific genotype predominance.54
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CVMs are usually non-symptomatic, but may rarely lead to seizures, cerebral ischemia 
 or intracranial bleeding.56 A retrospective study estimated a 0.5% annual risk of 


bleeding from CVMs in HHT.57  


Spinal vascular malformations (SVMs) in HHT are usually fistulas and occur far more 
 infrequently than CVMs.  SVMs most often present with acute severe neurological 
 decline, and surgery, embolization or a combination of both is the preferred 


treatment58. 
 Diagnosis 


The diagnosis of HHT is clinical and based on the recognition of the classical features 
 that characterize the disorder. The consensus clinical diagnostic criteria (known as the 
 Curaçao criteria) were published in 20009 (Table 1). 


Table 1: The diagnostic Curaçao criteria 


Feature  Description 


Nosebleeds  Spontaneous and recurrent 


Telangiectasias  Multiple, at characteristic sites (nasal mucosa, oral 
 cavity, lips and fingers) 


Internal organ manifestations  Gastrointestinal telangiectasias (with or without 
 bleeding) 


Pulmonary AVM 
 Liver AVM 
 CNS AVM 


Family history  A first-degree relative with a positive diagnosis 
 according to these criteria. 


A diagnosis of HHT is definite if three or four criteria are fulfilled, possible or 
 suspected in the presence of two criteria, and unlikely if one or no criterion is met. 


Genetic testing is available, and increasingly more used as cost decrease. Yet, genetic 
tests are only positive in approximately 85 % of patients with HHT59, so a negative test 
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does not rule out the diagnosis. Genetic testing is especially useful in relatives of HHT 
 patients who do not meet the diagnostic criteria (often children and young adults). At 
 OUH, all patients with clinical suspicion of HHT are gene tested. 


Screening 


According to the international guidelines for HHT published in 201110, screening is 
 recommended for PAVMs and CVMs. Transthoracic contrast echocardiography is the 
 initial recommended method for PAVM, followed by an unenhanced thoracic CT scan 
 if positive contrast echocardiography. It is recommended to repeat the screening for 
 PAVM every 5 years. In Norway, the screening for PAVM is initiated from age 16. 


Children under the age of 16 years are only scanned for PAVMs if they have 


symptoms, to avoid unnecessary radiation exposure. PAVMs may bleed, leading to 
 fatal complications in later pregnancy.60 Therefore, women with HHT who plan to 
 become pregnant should undergo evaluation for PAVMs before pregnancy.  


Screening for CVMs in HHT is performed by cerebral MRI, but remains controversial 
 in asymptomatic patients. In 2014, the ARUBA trial (A Randomized trial of 


Unruptured Brain Arteriovenous Malformation) showed increased risk of death or 
 stroke after intervention for asymptomatic CVMs in the general population.61 CVMs in 
 HHT may have even lower risk of hemorrhage compared toCVMs in the general 
 population.62 Thus, many experts now recommend against screening for CVMs in 
 asymptomatic HHT patients.  


Screening for liver AVMs is not generally recommended. An exception is made for 
 patients with one or two Curaçao criteria, where genetic tests are inconclusive or 
 unavailable. Investigations for liver involvement are also indicated in HHT patients 
 who have symptoms of hepatic disease.10 In these cases, a Doppler ultrasound is the 
 appropriate diagnostic method.  


HHT patients with anemia and hemoglobin (Hgb) levels disproportionate to epistaxis 
severity should be referred to gastro-duodenoscopy to assess the possibility of GI-
hemorrhage. Finally, all patients with the SMAD4 gene mutation have increased risk 
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of GI cancer, and should undergo GI screening with endoscopy and capsule 
 surveillance starting from age 15-18 years and 25 years, respectively.10
 Treatment 


Curative treatment for HHT is not available, since gene therapy does not yet exists. 


The treatment for HHT associated manifestations includes AVM-specific and epistaxis 
 specific options. Discussing the various strategies for AVM-specific interventions is 
 beyond the scope of this thesis. Most of the various treatment options for HHT 
 associated epistaxis are summarized in Table 2.  


Prognosis 


HHT has previously been associated with a reduced life expectancy, approaching a 
 decrease in 7 years in one study.63,64 Gender and gene mutation are also prognostic 
 factors, where women with the ENG mutation is at most risk with a median decrease 
 in life expectancy of 9.3 years.65 The increase in premature death is due to acute 
 complications. On the other hand, if optimal management of the disorder is performed 
 (e.g. screening and treatment for PAVMs, treatment for iron deficiency anemia etc.), 
 the reduction in life expectancy may improve to the level of the general population66. 
 Moreover, a recent epidemiological study suggests that HHT patients are affected to a 
 lesser degree of cancer than the background population66. 


2. BACKGROUND 


Epistaxis in HHT 


Recurrent epistaxis, caused by bleeding from telangiectasias in the nasal mucosa, is the 
 most common and usually the earliest symptom in HHT.  


Individuals with HHT display a great variation in epistaxis, across geography13,14 but 
 also within the same families.67  


Epistaxis is the most annoying symptom for HHT patients, with the greatest negative 
 impact on QoL.36,37 HHT-associated epistaxis is typically spontaneous, easily 


provoked and recurrent, and often leads to functional and social distress. It may also 
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cause secondary health problems such as iron deficiency anemia, malaise and 
 dyspnea.16


The epistaxis specific scoring systems in HHT 


To offer the appropriate treatment for HHT patients, it is important to evaluate the 
 degree of epistaxis severity. In addition, a correct assessment of the epistaxis severity 
 is essential as an outcome measure in HHT therapeutic research. Consequently, 


different groups have developed numerous epistaxis specific scoring systems for use in 
 HHT during the past decades. For many years, there were no commonly accepted 
 systems, which made it difficult to compare results between various research groups. 


In 2008, Al-Deen et al proposed the IFT, which measure the epistaxis intensity, 
 frequency and need for blood transfusion in HHT.68 Shortly thereafter, Hoag et al. 


published the Epistaxis Severity Score69 (ESS), through a Cure HHT grant. The ESS 
 also encompass the duration of epistaxis episode, in addition to the parameters 
 measured with IFT.  


Treatment options for HHT associated epistaxis 


At present, there is no cure for HHT, since gene therapy is not yet available. Hence, 
 the treatment strategy can be summarized into four groups:  


1. Compensation therapy: compensate for hemorrhage with blood transfusions and oral 
 or intravenous iron supplements.  


2. Obliteration or surgical therapy of affected vessels: e.g. surgical resection of 
 cerebral AVM, replacing the nasal mucosa by skin grafts (septodermoplasty) and 
 obliteration of telangiectasias by laser photocoagulation.  


3. Bleeding prevention therapy: by using antifibronolytic agents (such as tranexamic 
 acid) or hormonal therapy (e.g. Tamoxifen).  


4. Anti-angiogenic therapy: correcting the underlying dysregulated angiogenesis with 
 bevacizumab, thalidomide or similar agents.  


Table 2 summarizes the most commonly used treatments to control HHT associated 
epistaxis.  
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Table 2: treatment options for HHT associated epistaxis 
 Compensation 


x  Red packed cells transfusions 
 x  Iron supplements 


Cautery 


x  Electro 
 x  Chemo 
 x  Cryo 
 Laser 


x  Argon 
 x  KTP 
 x  Nd:Yag 
 x  Diode 
 x  Pulsed- dye 
 Hormonal 


x Topical 


o  Ostriol 
 x Systemic 


o  Tamoxifen (antiestrogenic) 
 o Ostradiol 


o  Medoxyprogesterone 
 Antifibrinolytic 


x  Tranexamic acid 
 x  Ethamsylate 
 Surgical 


x  Modified Septodermoplasty 


x  Closure of the nose (Young’s procedure) 
 Anti – VEGF 


x  Bevacizumab 
x  Thalidomide 
Selective arterial embolization 
Sclerotherapy 
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Radiotherapy 


KTP:Potassium titanyl phosphate; VEGF: Vascular endothelial growth factor 


Most of the methods for treating HHT related epistaxis are expensive, associated with 
 possible side effects or contraindications. Many HHT patients respond successfully to 
 one method for a certain period before the treatment becomes less effective and the 
 need for an alternative method arise. Thus, there is a need for continuous development 
 of new and improved treatment options. In the last decade, the improved 


understanding of HHT pathogenesis identified VEGF as a possible target to treat the 
 disorder. 


Bevacizumab 


Bevacizumab (Avastin®, Genentech, Roche, South San Francisco, California, USA) is 
a recombinant humanized antibody, designed to bind and inhibit the pro-angiogenic 
molecule VEGF. The mechanism of action on a molecular level is shown in Fig. 5.  
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Figure 5: The proposed action of Bevacizumab  


VEGF: Vascular endothelial growth factor; VEGFR: Vascular endothelial growth factor receptor 


Bevacizumab is effective in treating colorectal and other cancers in combination with 
 chemotherapy, where it improves survival.70 By binding to VEGF extracellularly, 
 bevacizumab inhibits the pathological angiogenesis that occurs during malignant 
 tumor growth. The oncologic dose of bevacizumab is 5-15 mg/kg intravenously every 
 two to four weeks. At oncologic doses, bevacizumab is associated with several side 
 effects. The most serious side effects include hemorrhage (GI or lung), GI perforation 
 and thromboembolisms. Other side effects include hypertension, epistaxis, nasal 
 septum perforation, cytopenia, proteinuria, and impaired wound healing.70,71 In recent 
 years, some reports have documented osteonecrosis of the jaw following bevacizumab 
 treatment, either alone or in combination with other drugs, like steroids or 


bisphosphonate.72 All the reported cases occurred in patients who received 


bevacizumab in oncologic doses intravenously. Osteonecrosis outside the jaw has also 
 been reported in the literature as a side effect of bevacizumab administered in 


oncologic doses.73,74
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Bevacizumab in HHT 


Interestingly, bevacizumab was discovered as a therapeutic agent in HHT accidentally. 


In 2006, a patient with HHT received bevacizumab in combination with pemetrexed 
 for treatment of a malignant mesothelioma. The physicians noted a profound 


improvement in the severity of epistaxis and transfusion requirements in the patient.75
 Later on, HHT patients have been treated with bevacizumab to improve epistaxis, GI 
 bleeding and liver AVMs. For HHT-associated epistaxis, bevacizumab has been 
 administered both systemically and locally (intranasally), with variable doses and 
 intervals. Nevertheless, the role of intranasal bevacizumab in HHT is still uncertain. 


Recently, two literature reviews came to differing conclusions in this regard.76,77
 Moreover, long term-studies that examine the response to the treatment and potential 
 associated adverse effects are absent. Also of importance, long-term intranasal 


bevacizumab treatment has not been studied with respect to impact on quality of life. 


Angiogenic factors in HHT 


The abnormal function of the regulatory proteins in the TGF-β superfamily has 
 traditionally been viewed as responsible for the disease manifestations observed in 
 HHT. The pathogenesis is complex and not fully understood but it is recognized that 
 the characteristic vascular lesions of the disorder occur due to a dysregulated 


angiogenesis. In line with this, Cirulli et al33 and later Sadick et al34 described elevated 
 levels of the pro-angiogenic molecule VEGF in the serum of HHT patients. The 


disease is profoundly heterogeneous, as evident in family members with the same 
mutation who present with different phenotypes67. This implies the involvement of 
other mediators than members of the TGF-β family and VEGF in the pathogenesis. 
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3. AIMS  


The following issues are addressed in the thesis: 


1. Is long-term treatment with intranasal injections of bevacizumab effective and safe 
 for HHT patients? (Paper 1). 


2. Can repeated intranasal injections of bevacizumab improve the health related quality 
 of life in patients with HHT associated epistaxis? (Paper 2). 


3. Can VEGF levels in serum predict the severity of epistaxis in HHT?  (Paper 3). 


4. Can other inflammatory or angiogenic molecules predict the severity of epistaxis in 
 HHT? (Paper 3). 


Paper 1 and Paper 2 


The purpose of paper 1 was to describe the long term outcomes of repeated intranasal 
 submucosal bevacizumab injections (RISBI) on HHT associated epistaxis. The effect 
 was measured with the epistaxis specific scoring systems ESS and IFT, in addition to   
 Hgb levels. Furthermore, any adverse effects or events were recorded.  


The aim of paper 2 was to further determine the impact of RISBI on HHT associated 
 epistaxis with respect to health related QoL and psychological distress. The patients 
 included in paper 1 were invited to complete QoL questionnaires before and after a 
 period of RISBI.   


Paper 3 


The premise for paper 3 was based on two main points. 


First, prior research has emphasized a raised level of VEGF in the serum of HHT 
patients, providing a rationale for treatment with the VEGF-inhibitor bevacizumab.33,34
Nevertheless, other molecules closely related to VEGF, affecting angiogenesis and 
endothelial inflammation have not been examined. A discovery of increased levels of 
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other mediators may clarify pathogenic mechanisms in the disorder, and even open up 
 new therapeutic opportunities.  


Secondly, the observed variable sensitivity to RISBI makes it interesting to examine 
 the possible correlation between serum level of VEGF and related angiogenic factors 
 with the clinical presentation of the disease. Disease specific variables were epistaxis 
 severity, measured with ESS and IFT, and the presence of internal organ 


manifestations seen in HHT. In addition, we evaluated the angiogenic factors in blood 
 sampled from HHT patients attending the clinic and compared them to healthy 


controls. Biomarkers for HHT can help in the following aspects: 


1. Diagnostic aspects: Biomarkers can provide supplementary evaluation of epistaxis 
 severity. The current evaluation tools are limited to patient reported outcome 
 measures (PROMs), epistaxis specific scoring systems (e.g. ESS and IFT) and Hgb 
 levels. PROMs, measured by SF-36 may not be sensitive enough to detect small, 
 but clinically relevant changes in the study population. For example, the SF-36 is 
 reported to not correlate significantly with the frequency of epistaxis measured by 
 ESS78, and ESS and IFT also have limitations. Additionally, the Hgb levels alone 
 are inadequate for epistaxis evaluation, since factors such as GI bleeding, 


dehydration, iron supplements and blood transfusions may influence the level of 
 Hgb. 


2. Prognostic aspects: Biomarkers can predict outcomes and evaluate responses to 
treatment. The identification of serum or plasma markers that can predict the risk of 
future episodes of epistaxis in HHT is needed. Prognostic biomarkers can have 
value in clinical decision making when selecting the appropriate treatment for HHT 
patients. 
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4. MATERIALS AND METHODS 


OUH, Rikshospitalet is responsible for treating most of the patients with HHT in 
 Norway. The majority of these patients require repeated treatment to decrease epistaxis 
 severity. The ENT department in OUH offers several treatment options for HHT 


associated epistaxis. These include different types of laser photocoagulation, argon 
 plasma coagulation, septodermoplasty, and medical therapy. In 2011, intranasal 
 submucosal bevacizumab injections were implemented as a treatment alternative for 
 HHT associated epistaxis at our department. 


Intranasal submucosal bevacizumab injections  


The injection technique used is based on the vascular anatomy of the nose.79  
 Preparation 


The procedure is performed either in local with sedation or general anesthesia. The 
 patients receive 1 to 2 grams of paracetamol and 5 mg oxycodone orally 30 to 60 
 minutes preoperatively. Some patients also receive 5 to 7.5 mg midazolam. The nose is 
 gently packed with gauze soaked in a solution of topical tetracaine (16 mg/mL) and 
 adrenalin (0.2 mg/mL) for 30 to 60 minutes. Repeated doses of fentanyl (50 μg/mL) 
 are administered intravenously during the procedure. 


Bevacizumab dose 


The first eight injections were performed with a total dose of 100 mg bevacizumab 
 submucosally at four specific anatomical sites. Subsequently, the dosage of 


bevacizumab was increased to 200 mg based on a written recommendation we 


received from a senior authority (Dr. T. Davidson at the Nasal Disorder Clinic in San 
 Diego). 


Injection technique and procedure 


Each of the following areas was injected with 1 mL 25 mg/ml bevacizumab on each 
side: 1) the sphenopalatine area, 2) upper part of bony septum, 3) upper part of the 
lateral nasal wall, and 4) the anterior floor of the nose. These four areas correspond to 
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the points of entry of the main arteries responsible for the blood supply to the nasal 
 mucosa, which are the sphenopalatine artery, the anterior ethmoid artery, posterior 
 ethmoid artery, and greater palatine artery (Figure 5). 


A long 23 gauge needle was used, and the procedure was assisted with a 0 or 30 
 degree rigid endoscope. Additional tetracaine/adrenalin packing or Surgicel was used 
 to treat any bleeding during the procedure. Patients who reported discomfort when 
 undergoing the procedure were given successive treatments under general anesthesia. 


Figure 6: The injection sites of bevacizumab 


Paper 1  


All patients scheduled for RISBI between June 2011 and August 2013 were included 
in the study. The indication for RISBI was lack of long-lasting improvement in 
epistaxis severity from other treatment methods. These options included pulsed dye 
laser, diode laser, argon plasma coagulation and septodermoplasty. All the included 
patients were previously treated with pulsed dye and/or diode laser. Approximately 
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half of the patients had been treated with argon plasma, when laser was ineffective. 


Septodermoplasty was performed on two of the included patients previously, without 
 satisfactory long-term control on epistaxis. 


All of the included patients were followed up until; a) discontinuation of RISBI due to 
 a gradual loss of effect; b) discontinuation of RISBI due to an adverse event; or c) end 
 of the observational period in April 2017. 


The follow up included evaluation with ESS and IFT scoring (Appendix 4 and 5). This 
 evaluation was performed prior to initiation of RISBI, and repeated 6-8 weeks after 
 each injection up to and including the third treatment. Finally, an endpoint evaluation 
 was performed in April 2017, for the patients who still received RISBI. In addition, 
 Hgb levels were measured immediately before, and 4 to 8 weeks after each injection 
 throughout the entire study period. 


The patients completed ESS and IFT surveys before each treatment session at the 
 clinic. Afterwards, they were provided with ESS and IFT questionnaires to take home, 
 fill out and send back to the clinic 6-8 weeks later. The Hgb samples were collected at 
 the clinic before injections, and at the family doctor’s office or local hospital 4-8 
 weeks post-treatment.  


The injection intervals were based on the individual response to the treatment. After 
the first injection, all patients were scheduled to a follow up appointment 6 months 
later. After this, further appointments were made on a case-by case basis depending on 
the treatment response. The patients were told to contact the ENT department at an 
earlier time than the scheduled appointment if the epistaxis severity increased. This 
was based on the subjective evaluation by the patient regarding epistaxis intensity, 
duration and frequency. Thus, additional treatment was offered when the effect of the 
previous injection began to decline. Similarly, the patient had the opportunity to 
postpone the scheduled treatment if he/she still had a good response to the previous 
injection.  
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Paper 2 


The patients we treated with RISBI from June 2011 to August 2013 were 


consecutively invited to a QoL and psychological distress study. Thus, the patients 
 were included from the same cohort as in paper 1. 


Measures 


The included patients answered QoL and Hospital anxiety and depression scale 


(HADS) questionnaires before the first treatment and 6-8 weeks after the last treatment 
 (Table 3). At the same time, the severity of epistaxis was assessed by the ESS and the 
 IFT. 


Quality of Life 


For a comprehensive evaluation, three different levels of QoL were measured. The 
 levels were overall-, health-related-, and disease specific QoL. We used Cantril’s Self-
 Anchoring Ladder (CL) to measure overall QoL, Short Form 36 (SF-36) to measure 
 health-related QoL, and a symptom specific-QoL question to measure the disease 
 specific QoL. 


1. CL was used to assess the subjective overall life satisfaction. This is a self-
 administered questionnaire with one question; “How is your life?” The response 
 alternatives are 0 -10 (0 = worst QoL, 10 = best QoL).  


2. Short Form-36 (SF-36) measures eight dimensions: physical functioning (PF), role 
 limitation due to physical health problems (RP), bodily pain (BP), general health 
 (GH), vitality (VT), social functioning (SF), role limitations due to emotional 
 problems (RE), and mental health (MH)80. From these dimensions two component 
 scales are constructed; the Physical component scale (PCS) and the Mental 


component scale (MCS). The MCS is generated by the VT, SF, RE, and MH, while 
 the PF, RP, BP, and GH constitutes the PCS. According to standard (SF-36) 


scoring, all scores were transformed into a 0 (worst) to 100 (best) scales. Score 


<40% was regarded as poor QoL. The Norwegian validated version 12 of SF-36 
was used81.  
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3. The disease-specific quality of life was assessed using the following question: “To 
 which level does the HHT impact your Quality of life?” The answer alternatives are 
 from 1 which corresponds to ‘‘no impact on QoL’’ and to 10 which corresponds to 


‘‘the worst possible QoL’’.  


A cut-off score was chosen at 6 or lower (1–6 score corresponds to no or small impact 
 on QoL). Higher score of SF-36 and CL reflect better QoL, while higher disease 
 specific score reflects that the disease has more impact on the QoL. 


Hospital Anxiety and Depression Scale 


The Hospital Anxiety and Depression Scale (HADS) scale82,83 was used to measure the 
 level of distress (Appendix 2). This self-report questionnaire consists of 14 items, and 
 is subdivided into the two scales: anxiety (HADS-A) and depression (HADS-D). Both 
 HADS-A and HADS-D have seven items, and the answer alternatives range from 0 
 (not present) to 3 (maximally present). This gives a sum score from 0 to 21 on each 
 scale. Higher scores reflect more severe symptoms. A score of 8 or greater is 


recognized as clinically relevant anxiety or depression.  
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Table 3: The measurements used to assess HR-QoL and Psychological distress 


Measure  Questionnaire used   Remarks 


Overall QoL  Cantril’s ladder  One question 


HR-QoL  SF-36  36 questions, 8 


dimensions 
 DS-QoL  Disease specific question  One question 


Psychological distress  HADS (A+D)  Anxiety: 7 questions 
 Depression: 7 questions  


Paper 3 


Blood samples were collected from consecutive HHT patients attending the ENT 
 department at OUH for HHT associated epistaxis during the period from February 
 2012 to August 2013. The grade of epistaxis was evaluated using the ESS and IFT at 
 the day of sampling. Some patients attended the clinic more than once during this 
 period (usually with 4-6 months intervals). Consequently, blood samples were 
 collected and the severity of epistaxis was scored more than once in these patients.   


The first sample from each patient was used as a baseline sample in studying the 
 correlation of angiogenic molecule levels with the presence of internal organ 
 manifestations. Blood samples were also obtained from 16 healthy control persons. 


All the molecules were measured in duplicate with enzyme immunoassays using 
 antibodies. Coefficients of variation were <10% for all assays.  


Appendix 1 shows the measured molecules in the study, all related to endothelial cell 
activation. 
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Statistical measures and methods 


In Paper 1 and 2, the T-test was used to compare the difference between pre- and post-
 treatment measurements. In addition, in paper 2 regression analyses was performed to 
 examine any associations between demographic variables (gender and age) and QoL 
 scores. 


In paper 3, the non-parametric Mann-Whitney test was used to calculate significance 
 of difference between the patients and the controls, since a normal distribution of data 
 could not be assumed. Multivariable linear regression on transformed levels was used 
 to adjust for differences in age between patients and controls. Additionally, the 


Spearman’s rank correlation was performed to determine any correlation between the 
 epistaxis severity and the levels of angiogenic factors.  


SPSS version 24 was used for all the statistical calculations.  
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5. RESULTS 


The effectiveness and safety of RISBI  


From June 2011 to August 2013, 33 HHT patients (17 females) were included and 
 scheduled for RISBI. The observational period continued to April 2017. The total 
 number of treatments with intranasal bevacizumab injection was 210. The mean age, 
 gender and gene mutation of the included patients are shown in Table 4. 


Table 4: Patient characteristics  


All patients  Non-responders†  Responders 


Total number  33  4  29 


Gender 


Female  17  0  17 


Male  16  4  12 


Age  57.2 ± 11.2 (35-82)  47 ± 2.9 (43-50)  58.7 ± 11.2 (35-82) 


Gene mutation 


ENG  11  1  10 


ACVRL1  17  3  14 


Gene unidentified  2  0  2 


Not tested  3  0  3 


† No response in ESS and IFT 6-8 weeks after the initial injection with bevacizumab 


ACVRL1 = activin-receptor-like kinase 1; ENG = endoglin; ESS = epistaxis severity score; IFT = 
 intensity, frequency and the need of blood transfusion score 


The effectiveness of RISBI  


A positive response to the injection was defined as any reduction in the ESS and IFT 
 measured 6-8 weeks after the procedure, without a specific cut-off value.  


Twenty-nine patients (87.8%) showed a positive response after the first intranasal 
bevacizumab injection. These patients were scheduled for RISBI and prospectively 
followed-up.  
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The mean treatment and observation period was 38.8 months ± 21.8 (range 2-66 
 months). The mean IFT, ESS and Hgb measured before and 4-8 weeks after each 
 treatment and at the end of the study are shown in Figure 7. 


Figure 7: The mean IFT, ESS and Hgb before and 4-8 weeks after each 
 treatment, and at the end of the study 


† 4-8 weeks after injection 


The duration of the epistaxis episode, represented by the second component in the 
 ESS, significantly improved. Similarly, the epistaxis frequency reflected by the first 
 component of ESS and the “F” value in the IFT significantly improved, as did the 
 intensity of the epistaxis represented by the “I” value in the IFT scoring. 


Conversely, four patients (all males) showed no response in ESS and IFT after the 
 initial therapy. The treatment was repeated in two of these patients but without 


achieving a beneficial effect. The other two patients declined further injections. These 
four patients were referred to as “non-responders”. Three of these carried the ACVRL1 
and one carried the ENG mutation. 
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In 11 of the patients who responded initially to RISBI, the effect of the injection 
 became gradually shorter. In these patients, RISBI was discontinued before the end of 
 the study when the effect lasted less than 8 weeks. The mean duration from the start of 
 RISBI to the discontinuation in this group was 28.4 ± 23.2 months (range 2-55 


months).   


In one patient, RISBI was discontinued after 39 months because of a serious systemic 
 adverse event in the form of osteonecrosis in the knees.84 Additionally, one patient had 
 a very good response after only one treatment, but RISBI was discontinued since the 
 patient moved abroad and was therefore excluded from further calculations.  


Two patients showed a favorable response after the first treatment session but were 
 unable to attend further scheduled injections due to comorbidities. Another two 
 patients died before the end of the study due to non-HHT associated disease. Both of 
 them had responded positively to RISBI. 


Twelve (36.3%) of the patients showed positive responses to RISBI until the end of 
 the study. The mean duration from the first to the last injection among these patients 
 was 54 ± 10.4 months (33-66 months). 


The long-term response in all the included 33 patients is summarized in figure 8. 
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Figure 8: The long-term response to RISBI in the included patients 


33 patients were included since May 2011 


29 responded to the initial treatment  4 did not respond to 
 the initial treatment  


12Still responding  11 gradual loss of 
 effect 


6 discontinued RISBI 
 due to other reasons 


The interval between the injections 


The repetition intervals of the injections were individually customized for each patient. 


Each patient was offered new treatment as soon as the effect of the previous treatment 
 began to diminish. This was based on the subjective evaluation of the patient, in terms 
 of intensity and frequency of epistaxis and the duration of the epistaxis episodes. All 
 patients who initially responded to the injection needed repeated injections in order to 
 maintain long-term treatment effectiveness. 


The mean duration between injections was 5.1 ± 2.0 months SD (range 7 weeks - 11 
 months). 


Safety of RISBI 


When reporting the safety outcome of a medical treatment, it is recommended to 
 distinguish between adverse effects and adverse event. According to the American 
 Food and Drug Administration (FDA) an adverse effect (or adverse drug reaction) is 
 an apparently harmful or unpleasant reaction, resulting from an intervention related to 
 the use of a medicinal product. An adverse event, on the other hand, can be defined as 
 an adverse outcome during or after the use of a drug or other intervention, but not 
 necessarily caused by it.85  


In our study, there were no local adverse outcomes, including septal perforation, 
during the 5.5 years long observation period. Yet, one serious systemic adverse event 
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was detected. One patient developed gradually increasingsevere bilateral pain in the 
 knees to such an extent that he was almost unable to walk. After approximately 6 
 months, he required either a wheelchair or crutches to get around. Magnetic resonance 
 imaging (MRI) revealed osteoporosis, bone marrow edema and osteonecrosis affecting 
 both knees (Figure 9), in addition to an insufficiency fracture of the right femoral neck. 


Figure 9: MRI (proton density fat suppressed sequence) of the left knee in a HHT 
 patient after treatment with 


RISBI


Note the bone marrow edema in both condyles in addition to an osteonecrosis developing in the 
 lateral femoral condyle (arrow). 


Bevacizumab was suspected as the causative agent, because other known risk factors 
 for osteonecrosis were absent. The patient had received in total 8 doses of 200 mg 
 bevacizumab injected intranasally, with an average interval between treatments of 5.6 
 months. Bevacizumab therapy was discontinued, and treatment with intravenous 
 bisphosphonate (Aclasta®) was initiated. The patient gradually underwent 


symptomatic remission, without the need for surgery. Follow up MRI one year after 
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the onset of symptoms showed signs of improvement with regression of bone marrow 
 lesions in the left knee; this was about nine months after the last submucosal injection 
 of bevacizumab.    


The effect of RISBI on health related quality of life 


As described, thirty-three HHT patients were treated with RISBI during the inclusion 
 period. These patients were consecutively invited to complete questionnaires related to 
 health-related QoL (SF-36) and psychological distress (HADS). Ten patients did not 
 respond, or declined the invitation. Thus, the sample consisted of 23 patients (a 


response rate of 70%), 14 females and 9 males. It was not possible to perform attrition 
 analysis.  


As shown in Figure 10, all QoL dimensions of SF-36 showed improvement at the end 
 of the observation period. 


Figure 10: QoL and mental health of the 23 HHT patients before and after RISBI 


†Statistically significant result 


BP = Bodily Pain; GH = General Health; HHT = hereditary hemorrhagic telangiectasia; HR-QoL = 
 health-related quality of life; MCS = Mental Component Scale; PCS = Physical Component Scale; PF 


= Physical Functioning; RISBI = repeated intranasal submucosal bevacizumab injections; RP = Role 
Physical; SF= Social Functioning; SF-36 = Short Form 36; V= Vitality  
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In the Mental component scale, all dimensions were strongly positively affected, with 
 the exception of Social functioning which showed minor improvement. In the Physical 
 component scale, the “Role physical” and “General health” dimensions demonstrated a 
 significant improvement, while the other dimensions showed a positive trend only. 


Additionally, the overall QoL measured with Cantril’s ladder significantly improved 
 (p<0.05) with a medium to strong effect size: 0.62. The Disease specific- QoL showed 
 slight improvement, but was not statistically significant. 


Both the scales for anxiety and depression (HADS-A and HADS-D) were significantly 
 improved (p=0.05 and 0.02, respectively) with a medium to strong effect size after 
 treatment (0.53 and 0.61, respectively).  


The ESS showed a significant mean improved from 6.1 before the first procedure to 
 3.9 after the last treatment. Similarly, the mean IFT improved from 11.9 to 6.7.   


The mean duration between injections in paper 2 was 5.3 ± 2.2 months (range, 7 weeks 
 – 9 months). 


VEGF and other inflammatory molecules as predictors of epistaxis severity in HHT  
In paper 3, the inclusion period lasted from February 2012 to August 2013. A total of 
109 blood samples from 75 patients (35 female [47%], mean age 56.8 years, ± 13.3) 
diagnosed with HHT were collected. Furthermore, samples were also obtained from 
healthy controls based on disease history (8 female [50%] mean age 47.7 years ± 
14.5). The characteristics of the patients and controls are shown in Table 5. 
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Table 5: Descriptive characteristics of the included HHT patients and control 
 group 


Patients n=75  Controls n=16 


Gender  Females  35  8 


Males  40  8 


Age  56.8  13.3  47.7  14.5 


Gene mutation type  ACVRL1 


ENG 
 SMAD4 


Non-ACVRL1, Non-ENG 
 Not tested 


41 
 25 
 2 
 4 
 3 


N/A 


Internal organ manifestations  None 
 Pulmonary 
 Liver 
 CNS 
 GI tract 
 Multiple 


40 
 25 
 4 
 4 
 13 
 8 


N/A 


As the severity of HHT associated epistaxis fluctuates over time, it was desired to 
 examine the correlation between the epistaxis severity and the levels of angiogenic 
 factors, each time the patient visited the clinic during the observation period. This 
 protocol also resulted in an increased total number of blood samples from the HHT 
 patient group.  


The investigated molecules were all related to angiogenesis or vascular inflammation. 


Appendix 1 shows detailed description of the measured molecules.  


HHT patient cohort vs control group 


Of the measured mediators, PTX3, vWF and VCAM-1 showed significant difference 
 between the HHT patients and controls. In the multivariable age adjusted analysis, 
 only PTX3 was significantly higher in the patients compared to the controls (Table 6). 


Although VEGF and members of the TGF- β superfamily (TGF- β1 and Activin A) 
were higher in HTT patients than the controls, these differences did not reach 
statistical significance (Table 6). 
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Table 6: Comparison of the median levels of the angiogenic factors between patients 
 group and control group 


Patients, n=75  Controls, n=16  P-Value 


Median  25 


Percentile 


75 


Percentile   Median  25 
 Percentile 


75 
 Percentile 


Mann-
 Whitney 


Multivariate 
 age adjusted 


Ang2  0.77  0.57  0.95  0.81  0.74  1.09  0.088  0.142 


Endostatin  122  107 142  126  114  133  0.862  0.463 


OPG  3.72  3.02  4.49  3.45  2.81  3.90  0.225  0.780 


VEGF  87  51 131  65  31  120  0.266  0.457 


PTX3  1.42  1.07  2.13  0.82  0.54  1.03  <0.001  <0.001 


SPARC  467  296 630  433  254  606  0.764  0.051 


VCAM1  642  534 789  555  518  604  0.024  0.106 


vWF  117  102 152  99  83  122  0.028  0.222 


ActivinA  110  30 193  65  30  117  0.311  0.863 


TGFβ-1  27  21 32 25  18  38  0.887  0.785 


Tie2  53  46 63 51  48  57  0.853  0.556 


SPARC= Secreted Protein Acidic and Rich in Cysteine; TGFFFFFFFFFF 1= Tumor Growth Factorr 1; Tie2= 


Tyrosine kinase receptor 2; Ang2= Angiopoietin 2; OPG= Osteoprotegrin; VEGF= Vascular 
 Endothelial Growth Factor; PTX3= Pentraxin 3; VCAM-1= vascular cell adhesion molecule -1; 


vWF= von Willebrand factor 


Correlation of the grade of epistaxis and hemoglobin level with the angiogenic 
 factors 


Table 7 shows the correlation of parameters for epistaxis severity and Hgb level with 
 the angiogenic factors. 


As seen, PTX3 showed a significant correlation with all parameters of epistaxis 
severity, including IFT, ESS and Hgb, and had the strongest correlation coefficients 
with all these three parameters compared with the other mediators. SPARC, TGFβ-1 
and VCAM-1 levels were significantly correlated with IFT and ESS scores. Ang-2 and 
Activin A were significantly correlated with ESS and Hgb levels, whereas VEGF 
showed a significant correlation only with IFT. 
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