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Abstract: Background: Hereditary Hemorrhagic Telangiectasia (HHT) is a vascular autosomically
inherited rare disease. Epistaxis (nose bleeds) is the most common symptom in HHT, leading to
anemia and affecting patient’s quality of life. In addition to epistaxis, gastrointestinal bleeding (GI),
more often at older ages, may lead to severe anemia and need for blood transfussions. Thus, finding
drugs to control both types of bleeding is a primary necessity in HHT. Methods: A cross-sectional
observational study was conducted in a series of 11 HHT patients treated with low tacrolimus doses
(0.5-Img) on an off-label prescription basis. Patients showed refractory bleeding to previous
treatments. Epistaxis severity score (ESS) and hemoglobin levels were parameters used to evaluate
tacrolimus impact. The occurrence of side effects was also recorded. Results: Tacrolimus was well
tolerated in most of the patients, except in 2 which abandoned the treatment. The remaining patients
tolerated the treatment, with a general improvement in their health condition. Epistaxis was
significantly reduced comparing the ESS before and after treatment. Hemoglobin levels were
significantly increased overcoming the anemia in the course of the treatment. Conclusion:
Tacrolimus at low doses should be considered as a promising treatment for bleeding derived of
epistaxis and GI in HHT.
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1. Introduction

Hereditary haemorrhagic telangiectasia (HHT) or Rendu-Osler-Weber syndrome is an
autosomal dominant inherited vascular disease.

In 2000, the Curagao criteria for clinical diagnosis of HHT were agreed upon. These criteria
include multisystem symptoms such as spontaneous and recurrent epistaxis (nosebleeds),
mucocutaneous telangiectasias, involvement of the visceral vasculature as gastrointestinal
telangiectasis, arteriovenous malformations (AVMs), mainly in the lung, brain or liver, and a first-
degree relative with a definite diagnosis of HHT [1-3]. The prevalence of HHT is considered to be
1:5,000 on average, although due to founder and isolation effects, the prevalence is higher in some
regions such as the Jura region of France, the island of Funen in Denmark and the Dutch Caribbean
Netherlands Antilles [3-5]. Heterozygous mutations in the Endoglin (ENG) or ACVRL1/ALK1 genes
are responsible for pathogenesis in about 85% of patients with HHT [6,7].

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Less common mutations responsible for HHT are detected in the MADH4/SMAD4 gene, leading
to a combined syndrome, Juvenile Polyposis and HHT (JPHT) [8] where in addition to HHT
symptoms, colon polyps and thoracic aneurysms appear [9]. In addition, chromosomes 5 and 7 have
been described to possess two loci with unknown genes, which cause HHT3 [10] and HHT4,
respectively [11]. An HHT-like syndrome called HHTS5 is associated with mutations in BMP9/GDF2
[12]. Importantly, all proteins encoded by these genes belong to the BMP9/TGEF-f3 signalling pathway.

In addition, another HHT-related pathology is capillary malformation (CM)/AVM syndrome,
phenotypically similar to HHT, characterised by the appearance of multiple randomly distributed
CMs. These are small and red, round/oval in shape with a peripheral white halo, in addition to
internal arterio-venous malformations. This disease is associated with heterozygous pathogenic
variants in EPHB2, 4 or RASA1 identified by molecular genetic testing [13].

Nosebleeds are the most frequent clinical symptom in HHT. Up to 93% of patients suffer from
mild to moderate bleeding [14,15], which interferes with their quality of life [16]. Epistaxis is due to
telangiectasis of the nasal mucosa [17]. In addition to epistaxis, gastrointestinal (GI) bleeding as
consequence of telangiectasias in the digestive tract is observed in up to 80% of patients with HHT
especially in older age [18]. GI bleeding represents a major clinical problem, which may lead to
dependence on blood transfusions [19].

Typically, pharmaceutical therapies or minor surgical procedures treat clinical symptoms.
However, it should be noted that telangiectasias and AVMs may be mosaics in which some or many
of the endothelial cells have undergone a second hit and have become homozygous mutants for the
pathogenic gene, as has recently been shown [20].

There is currently no optimal treatment for gastrointestinal bleeding, however some of the
systemic treatments for epistaxis may also be useful for gastrointestinal bleeding. This paper will
present a small case series using tacrolimus as a pharmacological treatment for very severe bleeding
in patients with HHT, including epistaxis and gastrointestinal bleeding.

The background for the interest in Tacrolimus or FK506, historically comes from a case report of
a patient with HHT undergoing liver transplantation. To prevent rejection, the immunosuppressant
FK506 was administered in combination with Aspirin and sirolimus to prevent rejection. One month
after starting this treatment, the telangiectasias (both internal mucosa and external skin), epistaxis
and anaemia were cured [21].

This clinical case was the starting point for an in vitro study by Albifiana et al [22,23] in an
attempt to elucidate the molecular mechanism underlying this beneficial clinical effect on HHT.
Endothelial cells were treated with tacrolimus alone, resulting in increased protein and mRNA
expression of endoglin and ALKI. At the same time, stimulation of the BMP9/TGF-1/ALK1
signalling pathway as measured by nuclear translocation of Smad4 and increased expression of
downstream genes such as Id1, were obtained. These molecular findings were accompanied by
enhanced endothelial cell functions such as tubulogenesis and wound healing [22,23] (Figure 1).

These results would explain the improvement in the aforementioned patient, through a partial
compensation of endoglin and ALK1 insufficiency, since the amount of both proteins and the
signalling of the BMP9/TGF-31/ALK1 pathway was stimulated.

Supporting this view, five years later, Ruiz et al. reported that tacrolimus rescued gene
expression dysregulations associated with ALK1 inhibition by increasing the ALK1 signalling
pathway in endothelial cells derived from HHT patients. Furthermore, in an animal model of HHT
immunotreated with antibodies against BMP9/10, tacrolimus improved vascular pathology by
inhibiting VEGF signalling and thereby decreasing retinal hypervascularisation [24].
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Figure 1. Hypotetic signaling pathway triggered by FK506. If cell does not receive TGF-3/BMP9
angiogenic signals, the TRB-1is inhibited by FKBP12, and the pathway is not initiated. In the presence
of TGF-B/BMP9, the pathway will be activated with consequent phosphorylation of Smad and
expression of the target genes. After treatment with the immunosuppressant FK506, it is observed the
same activation of the pathway, as it sequesters the inhibitor of the TR{-I, FKBP12, which can
phosphorylate Smad.

The same group more recently reported that in the same neonatal mouse model of HHT
(BMP9/BMP10 immunosupressed mouse) the mTOR inhibitor sirolimus and the receptor tyrosine
kinase inhibitor nintedanib could synergistically completely block, and also reverse, retinal AVMs.
Sirolimus plus nintedanib prevented vascular pathology in the oral mucosa, lungs and liver of
BMP9/10ib mice, and significantly reduced gastrointestinal bleeding and anaemia in adult mice with
inducible ALK1 deficiency [25].

In a more clinical context, Sommer et al. published in 2019 that low-dose FK506/Advagraf
decreased bleeding in a patient with HHT who also had pulmonary arterial hypertension [26]. This
case report points to low-dose tacrolimus (0.5-1.5 mg/day) as the optimal range for patients with
refractory nasal or GI bleeding, rather than high doses (5-10 mg/day) normally used for
immunosuppression in transplantation [26]. An additional report by Hosman et al. involving two
HHT transfusion-dependent patients due to severe bleeding demonstrated improvement after
treatment with low-dose tacrolimus [27].

In addition, results regarding the efficacy and safety of tacrolimus 0.1% topically applied as nasal
ointment from the TACRO clinical trial were published in 2020 [28]. Tacrolimus nasal ointment did
not improve 6 weeks after the end of treatment, but the good tolerability and significant improvement
in the duration of epistaxis during treatment prompted the investigators to conduct a phase 3 trial in
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a larger patient population and with a longer treatment time, with the main outcome being a
reduction in the duration of epistaxis during treatment.

The present study shows the results of 11 patients treated off-label with low doses of systemic
tacrolimus, prescribed by HHT referral physicians in Spain. In all cases, patients suffered from severe
epistaxis and/or gastrointestinal bleeding refractory to other treatments. The results are not part of a
clinical trial, but a collection of cases that may be useful to illustrate the efficacy and safety of systemic
tacrolimus treatment.

2. Materials and Methods

2.1. Patients and Study Design

This work represents a cross-sectional study performed from 2018. It includes HHT patients
treated at the Hospital Universitario Fundacién Alcorcon (HUFA) and patients treated at the HHT
reference unit of Hospital Universitario Ramén y Cajal. All patients were older than 18 years, had a
confirmed diagnosis of HHT (clinical and/or genetic), and were followed by the HUFA
Otorhinolaryngology Unit and Ramén y Cajal Hospital, Internal Medicine Unit. Treatment with low
doses of tacrolimus was recommended in all cases to patients with epistaxis or GI bleeding, refractory
to other previous treatment. The patients were treated on an off-label a compassionate basis, they
signed informed consent and the treatment for each patient received approval from the
Pharmaceutical Committee and the Clinical Research Ethics Committee from HUFA and Ramoén y
Cajal Hospitals, respectively.

2.2. Outcomes and Assessments

The primary outcome was the impact on frequency and severity of epistaxis, as measured by the
HHT epistaxis severity score (HHT-ESS). HHT-ESS is an objective, standardized and internationally
validated reference tool to estimate the severity of epistaxis in HHT patients [29]. HHT-ESS is
calculated from six parameters related to epistaxis: frequency, duration, and intensity of nosebleed,
presence/absence of anaemia, need for blood transfusion, and need to seek medical care to treat the
haemorrhage. In addition, hemoglobin levels were measured at the beginning and in the course of
the follow up. Other effects as the measure of hemoglobin levels, collateral side effects and drop-out
rate were evaluated.

3. Results

Table 1 shows the characteristics of 11 patients treated with oral tacrolimus, as an off label
treatment. It is a sample with a median age of 55.8 [38.0] years, 5 women. All patients presented
epistaxis, as other manifestations and complications were described gastro-intestinal (GI) bleeding,
pulmonary arteriovenous malformations (AVMs) and anaemia. Patients were suffering from
epistaxis, GI bleeding, or both, and the hemorrhages had been refractory to previous treatments,
listed also in the same table. It is important to mention that the treatment with tacrolimus was
combined with on demand sclerotherapy in several cases. However, sclerotherapy became less
frequent in those cases where tacrolimus was used. At least, 4 out of 5 patients, treated on demand
by sclerotherapy, reduced the need for this procedure, more than 1 year, since the beginning of
tacrolimus treatment.
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Table 1. Clinical and laboratory characteristics of hereditary hemorrhagic telangiectasia patients under tacrolimus treatment.
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* ESS: Epistaxis Severity Score; Hb: Hemoglobin; AVM: Arteriovenous malformations; HAVM: Hepatic arteriovenous malformation; PAVM: Pulmonary arteriovenous
malformation; F: female; M: male; GI: Gastrointestinal; IV: Intravenous.
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Patients were prescribed with a low dose of tacrolimus, ranging from 0.5-2 mg/day, depending
on the tolerance and the severity of the hemorrhages. In no case patients were treated with doses
leading to immunosuppression. Tacrolimus shows reduced epistaxis when used for
immunosuppression in HHT patients subjected to organ transplants [21].

In 2 cases patients left the treatment for gastric intolerance, but for this side effect, the absence
of side effects and general tolerance was quite good.

All patients were following the Curacao clinical criteria, 3 patients did not have a genetic
diagnosis and in 1, mutation was not found in ENG nor in ACVRLI/ALKI1. Four patients were
diagnosed as HHT1 and three as HHT2. In the case of the 27 years old patient, the problem was
unsual bleeding from oral cavity and throat. This case is an exception, due to the bleeding origin.
Therefore, in this case, no ESS is shown, and the patient did not suffer from anemia.

The Epistaxis Severity Score (ESS) was moderate in 2 cases (around 4), however the reason to be
prescribed with tacrolimus was anemia due mainly to GI bleeding. In the remaining 8 patients ESSs
were severe. In all cases, ESSs decreased. Altogether, the ESS decrease was highly significative from
amean of 7.3 before tacrolimus treatment, to 3 after the treatment. This means a transition from severe
to moderate/light epistaxis.

In all cases, where tacrolimus was well tolerated, the hemoglobin increased significantly. Before
tacrolimus, the mean of hemoglobin was 7.9 g/dL. After tacrolimus, the mean hemoglobin value
increased to 12 g/dL, very close to normality. Of note the case of P11, where the improvement was
astonishing. It was a special case since the patient refused blood transfusions for religious reasons.
Before treatments, the ESS was the highest possible, and the hemoglobin was extremely low. The
sclerotherapy first, and tacrolimus combined with sclerotherapy, reversed the extremely severe
situation of this patient.

The evolution of ESS and Hemoglobin after initiation of tacrolimus are illustrated in Figure 2.
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Figure 2. (A) Evolution of the Epistaxis severity score in all 11 patients before and after tracrolimus
treatment. (B) Hemoglobin levels of each patient before and after tacrolimus treatment. (C) Mean
values of ESS and Hemoglobin levels. * p < 0.05, *** p <0.001.
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4. Discussion

This study presents clinical results of 11 HHT patients treated with low dose of oral tacrolimus
with no immunosuppressive activity [22]

The main objective of this work is to propose tacrolimus as a drug with potential benefit in HHT
patients with severe and refractory bleeding (epistaxis or GI), who in some cases are transfusion
dependent.

A significant decrease in the severity of epistaxis was found as evidenced by the ESS in the
majority of the patients treated with tacrolimus. On the second hand, these patients also showed an
increase in hemoglobin values after initiation of tacrolimus treatment. As this treatment acts on a
systemic basis, the improvement of anaemia could be related to decrease in both nasal and GI tract
bleeding.

Epistaxis is the most commonly experienced symptom of HHT and significantly impacts
patients' quality of life. Thus, to find promising drugs to control nose bleeds alone, or in combination
with other current treatments is extremely important [30].

To date, there are few pharmaceutical strategies to prevent this complication. Most clinicians
recommend the use of local treatments as moisturizing ointments, oral tranexamic acid, pazopanib,
bevacizumab, even more recently, as off label treatment propranolol, although for very severe
bleeding, and severe anemia the management is difficult and depends on the clinician expertise and
surgical procedures [31].

The benefits of tacrolimus have been noted in isolated cases of liver-transplanted HHT patients.
However, most of these patients receive immunosuppressive doses of tacrolimus indicated to avoid
transplant rejection [22].

Currently, one active clinical trial for this drug (NCT04646356) is in progress, with the Unit
Health of Toronto as sponsor. This study investigates the effectiveness of oral low-dose tacrolimus
for the treatment of recurrent nasal hemorrhage in HHT subjects. The primary outcome for the trials
will be the reduction of epistaxis severity (minutes of bleeding per week). The trial started in 2020
and the estimated study completion date is September 2024.

Recently Dupuis Girod et al, [28] published a phase II study with tacrolimus as a nasal ointment
showing encouraging results that could lead to a phase III study with a large population.

More recently, Hessels et al. [32] conducted a clinical trial based on 20 patients with HHT who
received tacrolimus between 1-2 mg daily for 20 weeks. The primary end point was improvement of
hemoglobin values. At the end of the study, they found encouraging results; however, 64% of the
patients presented minor adverse effects such as headache, diarrhea, abdominal pain and insomnia.
The patients in this study were closely followed and treated with the standard care during the study.
The study participants exhibited quite severe anemia, and advanced age, potentially hindering
efficacy of tacrolimus. Probably patients starting with tacrolimus at earlier ages, and without such a
low hemoglobin baseline values (on average 6.1 g/dL, range 5.2-6.9 g/dL) could lead to improved
outcomes as it is shown in the present study. It would be worthwhile to explore potential beneficial
effects of administering tacrolimus at varying doses and durations based on patient based
characteristics (personalized treatments) in a future.

On the present study, we have noticed that lower doses of tacrolimus (0.5 to 2 mg per day) can
provide clinical benefits without causing immunosuppression. Of note, the adverse effects of this
drug are also related to higher doses. As reported in the current study, most of the patients tolerated
appropriately the medication with few significant side effects. It would is therefore important to
deepen our knowledge of this drug for HHT in relation to its pharmacodynamics, pharmacokinetics,
and potential benefits versus adverse effects.

We can highlight that tacrolimus is a drug with potential use in HHT and that the clinical and
molecular results are encouraging. Therefore, it would be interesting to perform a clinical trial with
more participants to analyze the clinical benefit, quality of life and cost-benefit of tacrolimus in this
type of patients.
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