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ABSTRACT

Hereditary hemorrhagic telangiectasia (HHT, Osler-Weber-Rendu disease) is the second most common inherited bleeding disor-
der worldwide, affecting approximately 1 in 5000 people. Development of disease-modifying and efficacious hemostatic agents
to treat HHT has finally begun after decades without such medical therapies. However, the lack of consensus on standardized
severity definitions, outcome criteria, and terminology remains a major obstacle to clinical investigation and therapeutic de-
velopment in HHT. Additionally, with the ongoing repurposing of antiangiogenic agents and emerging development of novel
HHT-specific therapies, comparative clinical trials are expected in the future. Therefore, to end the problematic heterogeneity
hindering these efforts, the Global Research and Medical Advisory Board (GRMAB) of the Cure HHT Foundation, an interna-
tional group of recognized HHT experts, convened a conference of expert HHT clinician-investigators from within GRMAB as
well as invited external experts in HHT and bleeding disorders generally, patients with HHT, and patient advocates to define
standard terminology and definitions for outcomes and severity classification for bleeding and anemia in HHT. These criteria
and definitions should be adopted by regulators, investigators, and the pharmaceutical industry in the development and per-
formance of interventional clinical trials and cohort studies to allow improved comparability between clinical trials, facilitate
communication between clinicians and investigators, improve therapeutic guideline development, and provide a standardized
framework for regulatory agencies.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.
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Search Strategy and Selection Criteria: Evidence for this report was systematically identified and evaluated utilizing two

search strategies in Ovid MEDLINE, described in full detail in the Appendix, pp.4-13. The searches were conducted on January

7,2025. The titles and abstracts of each record were reviewed, and the inclusion criteria were applied to all search results to iden-
tify full text articles to be retrieved for further review. All retrieved full texts were then reviewed to reach a final determination if
a study met the inclusion criteria. Included references were then compiled into evidence tables, which were then utilized by the
International Consensus Report Working Group throughout the development of report recommendations.

1 | Introduction

Hereditary hemorrhagic telangiectasia (HHT, Osler-Weber-Rendu
disease) is an inherited vascular bleeding disorder caused by dys-
regulated angiogenesis. HHT is inherited in an autosomal domi-
nant fashion, with a prevalence of 1 in 5000 persons [1]. It is the
second-most-common inherited bleeding disorder, behind only
von Willebrand disease, and recent evidence suggests HHT may
be the most morbid inherited bleeding disorder of women [2]. HHT
is a multisystem disorder, but the most common manifestation is
bleeding and its many downstream complications. Nearly all pa-
tients with HHT suffer recurrent epistaxis that may be severe and
that frequently results in substantial medical and psychosocial
morbidity [3, 4]. Approximately one-third of patients with HHT
suffer from clinically significant chronic gastrointestinal hemor-
rhage [5]. Recent evidence suggests high rates of heavy menstrual
bleeding in women with HHT as well [6, 7], occurring in addi-
tion to the aforementioned bleeding manifestations. Any of these
bleeding manifestations, alone or in combination, commonly re-
sult in iron deficiency or iron deficiency anemia, which may be
severe and create a dependence on intravenous iron infusion and/
or red cell transfusion [8, 9]. Arteriovenous malformations (AVMs)
also occur in most patients with HHT, primarily in lung (~50%),
liver (~70%), and brain (~10%-20%) [10]. These lesions result in ad-
ditional complications, including but not limited to embolic stroke,
pulmonary hemorrhage, intracranial hemorrhage, high-output
heart failure, brain abscess, and chronic liver disease. Despite the
considerable morbidity experienced by patients from AVMs, pa-
tients and their caregivers highlight recurrent epistaxis as the most
important disease manifestation [11]. Due to bleeding and AVM
complications, studies have reported reduced overall survival in
patients with HHT compared with the general population [12, 13].

Prior to the recent advances in the understanding of HHT patho-
physiology and therapeutics that have transformed the HHT ther-
apeutic landscape, management of HHT-associated bleeding was
primarily procedural, largely through the use of local ablative
procedures and more drastic surgical operations (such as nasal
closure operations for recurrent epistaxis) [14]. These treatments
were largely studied retrospectively and published in the med-
ical literature as case series [15]. However, the past decade has
brought with it a paradigm shift in the management of bleeding
in HHT from primarily procedural to primarily based in effective
medical therapeutics [16-21]. Along with this shift have come the
first major randomized, placebo-controlled clinical trials in HHT
of antifibrinolytic and antiangiogenic drugs to manage bleeding
[19, 22-26]. These pioneering studies and their promising results
are responsible in large part for the paradigm shift in treatment
and the emerging recognition from the pharmaceutical industry
as well as government funding agencies of the serious unmet need
in HHT [27]. However, they have also highlighted a key deficiency

in the field: a lack of standardized terminology, definitions, and
outcome criteria that has made study interpretation, comparison
between studies, and development of new study protocols unnec-
essarily challenging. As long-overdue therapeutic development in
HHT accelerates and the field matures with large, randomized,
pivotal clinical trials paving the way for the first drug approvals
from regulatory agencies, the standardization of terminology, defi-
nitions, and outcome criteria is a necessity. Such standardization
and elimination of heterogeneity is certain to improve evaluation
of patient characteristics, reporting of clinical outcomes, and as-
sessment of the clinical benefit of therapeutics. Therefore, the
Global Research and Medical Advisory Board (GRMAB) of the
Cure HHT Foundation, the largest international patient advocacy
organization in HHT, convened an international group to develop
the first global standardization consensus report on bleeding
in HHT.

2 | Methodology

The International Consensus Report (ICR) on the Standardization
of Terminology, Definitions, and Outcome Criteria for Bleeding
in Hereditary Hemorrhagic Telangiectasia was commissioned by
the Cure HHT GRMAB in October 2024 at the 13th International
Scientific Conference in Mandelieu-La-Napoule, France. While
administrative support for the ICR was provided by Cure HHT,
no monetary support of any kind was solicited from pharmaceuti-
cal companies or otherwise, and no member of the ICR Working
Group or external reviewer received honoraria.

The ICR Working Group (expert panel), led by the chairperson
(H.A)), included a total of 23 clinical and investigative HHT
experts in HHT-associated bleeding, bleeding disorders more
generally, HHT clinical trial design/methodology, and bio-
statistics, as well as patient representatives and patient advo-
cates, together from 9 countries across 5 continents, selected
to ensure robust and diverse expertise, representation of the
patient voice, and international scope. The goals, objectives,
and topics of the document were determined and agreed upon
during an in-person GRMAB meeting and further refined
by discussions with patient advocates. Through a prespeci-
fied systematic literature review process (Appendix, pp.4-6)
of randomized clinical trials evaluating bleeding in HHT, 87
records were retrieved in full text for review and used to gen-
erate evidence tables for use by ICR Working Group members
during the recommendation development process (Appendix,
pp.7-13). These evidence tables were utilized to inform the de-
velopment of all subsequent sections of this report. All ICR
Working Group members completed disclosures that were re-
viewed by the chairperson and distributed to the entire ICR
Working Group.
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Ten members of the ICR Working Group formed the ICR
Steering Committee, which was tasked with developing ini-
tial draft recommendations over a series of face-to-face virtual
meetings. These draft recommendations were then circulated
to the entirety of the ICR Working Group for intensive review
and refinement and achievement of consensus. Rather than re-
quiring all members to vote on all definitions and recommen-
dations irrespective of their actual areas of expertise in this
multidisciplinary disease, members of the ICR Working Group
were encouraged to focus their efforts on their specific areas of
expertise, and a voting process was not used. The draft report
then underwent comprehensive external review by 15 inter-
national HHT bleeding and bleeding disorder topic experts as
well as physicians in practice who care for patients with HHT
who were not involved in ICR development, and their comments
were collected and addressed (Appendix, pp.14-15). The final
draft was ultimately circulated to all members of the Working
Group, who gave explicit final approval (confirming agreement
with the consensus document by all authors) prior to submission
for publication.

3 | Goals of Treatment

The aspirational goal of treatment for any disease is lasting
cure. While a cure for HHT may be possible in the future
thanks to ongoing advances in cellular and genetic therapies,
currently available therapeutics and those in development
focus on minimizing and/or preventing bleeding. The eval-
uation of these specific goals in clinical studies, and recom-
mendations for proper clinical trial endpoints, can be found
in Sections 5-8.

3.1 | Primary Treatment Goal

The expert panel agreed that the primary goal of treatment of
HHT-associated bleeding is the reduction of duration, frequency,
and/or intensity of epistaxis as well as the reduction of gastroin-
testinal blood loss (in those with gastrointestinal bleeding).

3.2 | Secondary Treatment Goals

The expert panel agreed that secondary goals of treatment
of HHT-associated bleeding (many of which are direct conse-
quences of reducing epistaxis and gastrointestinal bleeding)
include, in no particular order: (1) reduction of other sources
of HHT-associated bleeding (e.g., visceral and central nervous
system AVM-associated bleeding and skin and oral cavity bleed-
ing); (2) reduction of iron deficiency anemia, non-anemic iron
deficiency, and requirements for hematologic support (intrave-
nous iron infusions and red cell transfusions); (3) improvement
of health-related quality of life (HRQoL) and reduction of psy-
chosocial morbidity; (4) reduction of healthcare utilization (e.g.,
emergency visits, hospital admissions, infusion center visits,
hemostatic surgeries); (5) reduction of mortality; and (6) while
doing all of the above, minimization of the toxicity of therapies
for bleeding and the consequences of bleeding (including med-
ical therapies, procedural therapies, hematologic support, and
others; therapies with a high degree of known or anticipated

toxicity should be evaluated only in severely bleeding patients).
The expert panel agreed that, where possible, these impacts
should be measured in studies (as defined in Sections 5-8).

3.3 | Treatment Goals Requiring Further Study

While anecdotal reports, as well as a recent large survey study,
strongly suggested heavy menstrual bleeding complicating the
course of approximately three-quarters of women with HHT
[6, 7], the scope and impact of heavy menstrual bleeding in HHT
have yet to be rigorously defined. Given the relative ease of in-
cluding menstrual bleeding measurement instruments in HHT
bleeding trials (only minor added cost and participant burden)
and the clear relevance to the topic, the expert panel recom-
mends inclusion of exploratory endpoints evaluating menstrual
bleeding in these studies.

Additionally, while the focus of this report and current drug de-
velopment efforts are on the treatment of bleeding, it is recog-
nized that disease-modifying medical therapeutics that induce
hemostasis via vascular remodeling and involution of telangiec-
tasias may also have a therapeutic effect on both the treatment
of existing visceral AVMs and their prevention [28, 29]. Given
that the development of visceral AVMs occurs over years to de-
cades, the expected timeline for observation of a therapeutic im-
pact may be quite long. Therefore, the expert panel determined
that inclusion of endpoints evaluating therapeutic impact on
visceral AVMs in bleeding therapeutic trials is generally en-
couraged where feasible but should remain exploratory at this
time. Measurement or sampling of skin, oral cavity, and nasal
telangiectasias at baseline and tracking involution in response
to therapies, primarily as a readily assessed marker of vascular
remodeling, is also of interest as an exploratory endpoint but re-
quires further study.

4 | Bleeding Severity Classification and
Definitions

Unlike hemophilia, which is characterized primarily by episodic
bleeding that can be measured as an annualized bleeding rate,
HHT is characterized primarily by ongoing chronic bleeding
that may or may not be punctuated by episodes of acute, emer-
gent, potentially life-threatening bleeding. Therefore, classifica-
tion of bleeding severity must account for the impacts of both
chronic and emergent manifestations. Note that the expert panel
is explicitly using the terminology “bleeding severity” rather
than “disease severity” recognizing that the severity of bleeding
complications and non-bleeding visceral AVM complications
may be disparate in individual persons. However, in people with
no symptomatic visceral AVMs outside of the gastrointestinal
tract, bleeding severity generally approximates overall disease
severity. It is also important to note that bleeding in HHT is usu-
ally progressive over the lifespan, unlike many of its peer inher-
ited bleeding disorders [4, 30]. An individual may progress from
primarily mild bleeding to moderate bleeding and eventually se-
vere bleeding over time. Additionally, environmental exposures
(such as climate, allergies, diet, proper nasal moisturization or
lack thereof) and therapeutic interventions may move an indi-
vidual from one severity class to another.
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4.1 | Domains of Bleeding Severity

Recurrent epistaxis is present in over 95% of adults with HHT
and is the uniting clinical manifestation in a disease with oth-
erwise heterogeneous manifestations. Approximately one-third
of adults suffer from clinically significant chronic gastrointes-
tinal bleeding, which is primarily manifest clinically by iron
deficiency anemia and a requirement for hematologic support
with intravenous iron and/or red cell transfusion. Bleeding
manifestations may also result in significant psychological and
HRQoL impacts. Given this, the expert panel agreed that cate-
gorizing bleeding severity in HHT requires evaluation of three
specific domains: (1) measurement of epistaxis severity (sever-
ity includes frequency, duration, and intensity) with a validated
instrument or epistaxis diary, (2) hematologic support require-
ments to achieve and maintain a normal hemoglobin and nor-
mal iron stores, and (3) the individual report of bleeding impact.
All three domains should be assessed to appropriately catego-
rize a patient's bleeding severity in clinical practice. However, to
promote objectivity and consistency across clinical studies and
HHT populations, until more data on the use of HHT-specific
HRQoL measurement scales (Section 7) is available, only the
first two domains can be used for severity classification in clini-
cal studies (Table 1). The expert panel recommends that severity
classification in clinical studies be done at baseline, primarily
for purposes of eligibility and stratification, and not used as an
endpoint (appropriate endpoints are discussed in Sections 6-8).
Critically, the expert panel emphasized that this severity clas-
sification must not be used by health systems, insurance com-
panies, or other payors to deny care to patients prescribed a
therapy.

4.2 | Validated Epistaxis Severity Measurement

The expert panel agreed that epistaxis severity measurement
should be performed with one or more validated, HHT-specific
epistaxis severity instruments that assess epistaxis severity ret-
rospectively and/or measured prospectively using an epistaxis
diary (electronic epistaxis tracker app or paper diary), Table 1.
The instruments currently highlighted for use are the Epistaxis
Severity Score (ESS) [32], a validated instrument used for eval-
uation of epistaxis severity in HHT (assessed over a reference
time frame of 1-3months; initially validated for 3 months), or
the Nasal Outcome Score for Epistaxis in HHT (NOSE HHT)
[33], a more comprehensive instrument assessing epistaxis over
a reference time frame of 2weeks. Both instruments assess fre-
quency, duration, and intensity of epistaxis and have simple nu-
meric ranges and scoring that define mild, moderate, and severe
epistaxis (additional details on each instrument can be found in
the Appendix, pp.16-21). By nature, as patient-reported outcome
measures, these instruments are at least partially subjective.
There are several important nuances in scoring the ESS, and best
practices must be followed (as detailed in Table 2). In the setting
of prospective studies, measurement of epistaxis frequency and
duration using an epistaxis diary can supplement or substitute
for an instrument-based measurement in defining domain 1 epi-
staxis severity, an approach that may be a more precise measure-
ment of overall epistaxis severity [19, 24, 34]. The expert panel
recognizes that other epistaxis severity instruments have been
developed for use in HHT and that additional instruments will

be developed in the future that may supplant the ESS and NOSE
HHT and does not object to the use of alternative instruments in
place of these, so long as they are appropriately validated. Given
the potential week-to-week variability in epistaxis in a person
with HHT, the expert panel recommends a reference time frame
of evaluation of at least 4 weeks for baseline severity classifica-
tion in clinical studies.

4.3 | Hematologic Support Requirements to
Maintain a Normal Hemoglobin and Normal
Iron Stores

Restoration and maintenance of a normal hemoglobin and
normal iron stores with adequate iron supplementation is the
standard of care in HHT and a crucial pillar of best practice in
HHT management [15, 35]. Table 1 lists criteria recommended
by the expert panel to define bleeding severity based on hemato-
logic support requirements. Note that without concurrent bone
marrow pathology, intravenous iron effectively functions as a
delayed onset red-cell transfusion in individuals with HHT. For
this reason, and because acute bleeds also occur that necessitate
intermittent red-cell transfusion, the expert panel recommends
evaluation of hematologic support requirements using red-cell
unit equivalents (RUEs) in order to account for both support
modalities in a single unit of measurement (1 RUE equals 1 unit
of red cells or 250 mg elemental iron; additional detail is in the
Appendix, p.24) [36]. Of note, the panel recognized the poten-
tial confounding nature of menstrual blood loss (which, when
heavy, may or may not be a consequence of HHT) in measur-
ing hematologic support requirements in menstruating persons.
Finally, the expert panel included the special category of very
severe for individuals requiring regular red-cell transfusions
(usually required at least once weekly) to maintain an accept-
able hemoglobin because of the uniquely challenging clinical
circumstances of this group. The exact prevalence of this sub-
group is not known but is thought to represent fewer than 5%-
10% of people with HHT who receive proper intravenous iron
management.

4.4 | Individual Report of Bleeding Impact

While its relative subjectivity limits its applicability to severity
classification in clinical trials, the individual report of bleeding
impact (Table 1) is an essential component of severity evaluation
in clinical practice. Note that the circumstances listed in Table 1
are an extensive but not an exhaustive list.

4.5 | Major Acute Bleeding

While most bleeding in HHT is chronic, in recognition of the se-
riousness and life-threatening potential of acute bleeds, the ex-
pert panel defined a major acute bleed in HHT by adapting the
definition for major bleeding from the International Society on
Thrombosis and Haemostasis [37] to best reflect the HHT dis-
ease state. A major acute bleed in HHT is defined as satisfying
one or more of the following criteria: (1) acute-onset severe ep-
istaxis or gastrointestinal bleeding necessitating urgent inter-
vention performed by a healthcare provider (e.g., nasal packing,
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https://curehht.org/resource/epistaxis-severity-score/
https://curehht.org/resource/epistaxis-severity-score/
https://outcomesresearch.github.io/nose-hht/

TABLE 2

Recommendations for measuring epistaxis in clinical trials.

Modality

Recommendations Notes

Epistaxis
Diary

« Electronic diaries should be used over paper diaries whenever possible/feasible (particularly for « Recommendations
large, pivotal trials, industry-sponsored trials, and registrational trials), but paper diaries may be developed based
used when use of an electronic diary is not possible or feasible on clinical trial
« An electronic diary with regular secure cloud upload should be used, when possible, to minimize experiences including
potential for lost data (which is greater with paper diaries or data stored locally on a device) PATH-HHT trial,
« Electronic diary should have a data entry lockout of 3-5days to balance encouragement of timely EPICURE trial,
data entry, allow for correction of entry errors, and minimize potential for recall bias VADO044002 trial, and
« Nosebleeds should be defined as blood coming out of the nose or down the back of the throat; blood- others
tinged mucus, for example with nose-blowing or a sneeze, is not a nosebleed
« Diary should assess epistaxis frequency, duration, and intensity (flow intensity) as separate domains
recorded by the participant, ideally recording nosebleeds as discrete events with a specific duration
and flow intensity assigned to each event
(@) Participants should enter bleed duration as a continuous variable (e.g., 17min), not as a
categorical variable (e.g., 16-30 min) to maximize data granularity and quality

O Flow intensity is ideally assessed utilizing descriptive categories (e.g., dripping, steady stream,
pouring, gushing) or a visual analog scale

O Additionally, the diary should include a binary option for each bleed specifying if a bleed was
spontaneous or provoked by a specific physical action (e.g., blowing one's nose, bending over,
sneezing, etc.)

« Participants should be educated on what is considered a long nosebleed with occasional brief stops
in flow versus multiple nosebleeds that should be recorded as separate events
O The expert panel recommends that nosebleeds that stop completely for 30 or more minutes before

bleeding resumes should be considered separate nosebleeds and recorded as separate entries in
the diary

« Participants who self-pack to stop nosebleeds should be instructed to be consistent in how they
enter their nosebleed duration and intensity throughout the entire duration of a study, and it is
recommended that the end of a nosebleed be consistently defined as cessation of bleeding, whether
or not packing is used

« Electronic diary apps should prompt the participant to enter data at least once daily, providing a
simple and user-friendly interface

« A secure web portal should be available to enter daily epistaxis data without gaps in the event that
the personal device used for entry is lost or malfunctioning; the web portal must have all of the
functionality of the app and should have a similar interface

« If no nosebleeds were recorded during the preceding day, the app should prompt the participant to
confirm that they did not have nosebleeds for the entirety of that preceding day

« A third-party monitor should remotely monitor participant adherence with an electronic diary and
provide regular reports to the study team; either the monitor or a member of the study team should
reach out directly to participants who are nonadherent for a period of 3-5days (depending on the
duration of the lockout period; participants should be contacted to enter data before lockout occurs)

« Participant training on the electronic diary app should occur for a period of 1-4 weeks during the
screening period, prior to the collection of study-relevant data

« Diaries should include a means to designate “special circumstance bleeds,” that should be collected
differently than standard bleeds, including:

O Epistaxis episodes occurring during sleep: In general, participants should not be asked to
answer detailed questions regarding duration and flow intensity as this is not possible (simple
assessments of severity, e.g., a “minor” or “major” bleed, based on the participant's assessment
of the amount of blood lost, are appropriate). If these questions are asked, the study should have
a prespecified process for how this data is to be used given that recorded duration, for example,
may not be reliable

O Posterior-only epistaxis episodes: For posterior-only nosebleeds, actual confirmation of bleeding
such as the taste of blood or spitting blood is required for that to count as a bleed; if the participant
only feels posterior drainage without confirming blood, it should not be counted

« Because of the participant burden of a daily diary, continuous daily use of the diary is ideally
required only during the baseline severity assessment period (if epistaxis diary parameters are
being used to determine severity category/eligibility) and the main study period during which the
primary and secondary endpoints relating to epistaxis diary data are being adjudicated. If it is to be
continued in an open label extension, consider limiting the total duration of continuous daily use
to 12months (including double-blind phase and extension), or requiring only intermittent use (e.g.,
one month every three months), although the latter can introduce challenges associated with halting
and restarting the use of the diary. In general, it is not feasible to require all participants to reliably
fill out a daily epistaxis diary consistently and indefinitely for years during an open label extension

(Continues)
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TABLE 2 | (Continued)
Modality Recommendations Notes
Epistaxis  « ESS should be investigator-administered during a live encounter (e.g., in person, telephone, « The ESS was originally
Severity videoconference) with the participant, with confirmation of comprehension and accurate reporting validated for a 3-month
Score O Investigators should be explicitly trained on proper use of the ESS (generally by the sponsor) (12-week) reference
prior to enrolling participants time frame; however, it
O If not administered by an investigator, it is acceptable for a research coordinator to administer has been successfully
the ESS, but they should be explicitly trained on proper use of the ESS (generally by the sponsor) used as an efficacy
and initially supervised by an investigator before independently administering the ESS to endpoint in major trials
participants (e.g., PATH-HHT) with
« Ideally, the ESS should be administered to a given participant by the same investigator, where a 1-month (4-week)
feasible. Where not feasible, the number of different individuals administering the ESS to the same reference time frame,
participant over the course of a study should be minimized and so use in this
« The reference time frame for the ESS should be no less than 1 month (4 weeks) and no longer than manner is considered
3months (12 weeks) acceptable
« The study protocol should explicitly define all vague aspects of ESS items to ensure conformity In general, shorter
among sites and investigators in interpreting and answering items reference time frames
O Item 4 asks, “Have you sought medical attention for your nose bleeding?” The term “sought are expected to result
medical attention” should be defined in the protocol (e.g., “‘sought medical attention’ includes in less recall bias
physical visits to a clinic or emergency department, but does not include a phone call to the
clinic”).
O TItem 6 asks, “Have you received a red blood cell transfusion SPECIFICALLY for nose bleeding?”
This is challenging to adjudicate in participants with concomitant epistaxis and gastrointestinal
bleeding. In general, the expert panel recommends adjudicating this question as “yes” if the
participant has had a transfusion and has at least moderate severity epistaxis (even if they have
significant gastrointestinal bleeding), to minimize subjectivity. Of note, receipt of intravenous
iron only should not trigger a “yes” to this question, and participants may mistake iron for blood
(and vice versa). Therefore, records should always be verified to confirm what hematologic
support has been given
» “Anemic (low blood counts)” as per item 5 should be objectively defined (e.g., as a hemoglobin value,
not a subjective question) and consistently applied (e.g., “a hemoglobin value below the laboratory
reference range performed within 7days of the ESS assessment”)
O The expert panel recommends against the use of race-based hemoglobin reference ranges
O The expert panel acknowledges ongoing controversy regarding sex-based laboratory reference
ranges; in general, caution should be exercised to avoid use of inappropriately low hemoglobin
lower limits of normal for women
« The investigator or coordinator administering the ESS should record the response for each of the
six items in the medical record, which is then transferred to a case report form. A calculator can be
used on the form to calculate the total score; it is not sufficient to record only the total score in the
medical record without including the response for each item.
Nasal « NOSE HHT must be administered with a 2-week reference time frame o The requirement to
Outcome « NOSE HHT should be completed in print or electronic format by the participant administer NOSE HHT
Score for . Assessment with this instrument over a period longer than 2weeks requires interval measurements every 2weeks may
HHT every 2weeks (with averaging of the score obtained at each measurement to obtain an average result in less recall bias

NOSE HHT score over the assessed interval)

with this instrument
than with the ESS,
though this has not yet
been evaluated

Abbreviations: ESS, Epistaxis Severity Score; NOSE HHT, Nasal Outcome Score for Epistaxis in HHT.

administration of intravenous antifibrinolytic, or ablative proce-
dure); (2) pulmonary, central nervous system, or other solid organ
bleeding due to a ruptured AVM; (3) acute bleeding that results in
a drop in hemoglobin of >2g/dL over a 24-h period; or (4) acute
bleeding that results in hemodynamic instability or a require-
ment for packed red cell transfusion (in excess of the individual's
baseline maintenance red cell transfusion requirements, if any).

5 | Epistaxis Measures and Endpoints

Clinical studies evaluating bleeding in HHT should broadly in-
clude epistaxis-based endpoints, hematologic endpoints, and in
prospective studies, HRQoL endpoints. However, the relative
ranking of these endpoints depends on the bleeding severity of
the population under study.

Because recurrent epistaxis is present in nearly all people with
HHT and other bleeding and hematologic manifestations are
more variably present, the expert panel agrees that epistaxis-
based endpoints are most appropriate for use as the primary
endpoint in clinical trials of participants with moderate to se-
vere HHT-associated bleeding. The expert panel recommends
that in general, pivotal clinical trials of therapeutics in HHT
should enroll participants with moderate and severe bleeding
(Section 4) to evaluate the therapeutic in the broadest popula-
tion for which treatment is both indicated and response can be
best measured, and utilize an epistaxis-based primary endpoint.
This approach has been successful in large, randomized con-
trolled trials in HHT demonstrating the efficacy of tranexamic
acid, pomalidomide, and VADO044 [19, 24, 25]. The inclusion
of participants with moderate bleeding will, in most cases, re-
sult in an inability to feasibly power a trial using a hematologic
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primary endpoint (see Section 6 and Appendix, pp.7-9). Agents
with a high anticipated toxicity burden may be more appropri-
ate only in participants with severe bleeding, and in this case, a
hematologic primary endpoint may be optimal (see Section 6).
Epistaxis-based primary endpoints should assess epistaxis se-
verity utilizing either an epistaxis diary or a validated epistaxis
severity instrument. If an instrument is used, the expert panel
highlights the ESS and NOSE HHT because these instruments
are validated; other similarly validated instruments may be con-
sidered as well if best practice principles of consistency and ob-
jectivity are applied with their use in a research setting. While
the ESS has been utilized successfully in several clinical studies
(Table S1), relatively modest changes in reporting by the patient
can result in notable shifts in scoring, and several members of
the expert panel expressed concerns about its suitability as a
primary endpoint [38]. Recommendations regarding how these
tools should be applied to collect data are detailed in Table 2.
When utilizing an instrument developed in one language in a
different language, the instrument should be translated by a
professional translation service according to the standards of
the industry [39].

A placebo effect has been consistently observed with ESS, NOSE
HHT, and epistaxis diary-based endpoints in HHT trials [19, 22—
25, 40]. The expert panel has noted that based on the available
data, this effect appears to be more pronounced with recall-based
instruments such as the ESS as opposed to epistaxis diary-based
endpoints (e.g., epistaxis duration). Moreover, electronic epi-
staxis diaries with built-in data entry lockout after a reasonable
length of time (e.g., 3-5days) likely reduce epistaxis diary recall
bias relative to paper diaries which can be filled in at any time
between visits. This reduction in recall bias may minimize the
placebo effect [22, 24]. Though more operationally challenging
and more burdensome to the participant, a well-implemented
epistaxis diary is likely superior to the use of a recall-based in-
strument as a primary endpoint. Whenever one is selected as a
primary endpoint, however, the expert panel recommends in-
clusion of the other as a secondary efficacy endpoint.

6 | Hematologic Measures and Endpoints

Hematologic endpoints must be approached with caution in
HHT clinical trials. While attractive because of their objec-
tivity, the principal hematologic endpoints of hemoglobin,
elemental iron infused, and red-cell units transfused are
three dynamic components of the same measurement (rate of
iron/red cell flux through the body) in the chronically bleed-
ing person with HHT [36]. The designation of one of these
three alone as an endpoint is likely to result in incomplete
conclusions that may be misleading [23, 26]. For example, a
participant with moderate bleeding enrolls in a trial with a he-
moglobin of 14.2g/dL, appropriately normal owing to 750 mg
elemental iron infused (3 RUEs) in the preceding 6 months.
The participant completes the trial, and his final hemoglobin
is measured at 14.1g/dL, but his bleeding substantially im-
proved, and he required only 250 mg of elemental iron infused
(1 RUE) during the 6-month trial period, a 66% reduction in
hematologic support requirements while maintaining a stable
hemoglobin. A hemoglobin endpoint would conclude no im-
provement in this participant, when in actuality he achieved

marked improvement in bleeding. Additional examples of
misleading results with the use of solitary hematologic end-
points are given in the Appendix, pp. 25.

For this reason, the expert panel recommends use of compos-
ite hematologic endpoints in clinical trials in HHT, such as
the hematologic support score (HSS), which combines iron
infusion and red cell transfusion (a higher number signifies
greater need for hematologic support during a reference time
frame), or the hematologic impact score (HIS), which assesses
the total hematologic impact over a reference time frame by
accounting for both the change in hemoglobin and the change
in the HSS over that period of time (a higher number signifies
a greater improvement in hematologic status over the time pe-
riod) (Figure 1) [36]. Both scores measure these components
over a specified time frame and report out a simple numeric
value in RUEs. The panel makes this recommendation with
the acknowledgment that with few exceptions (e.g., the TrUST-
HHT study [NCT04404881], which is ongoing), this approach
is relatively novel, and further study will be required to con-
firm its validity. Nevertheless, the serious pitfalls of relying
upon solitary hematologic endpoints in HHT trials are clear
[23, 26]. Until composite measures are well-validated, the ex-
pert panel recommends additional inclusion of the solitary he-
matologic endpoints of hemoglobin concentration, elemental
iron infused, and red-cell units transfused as either non-key
secondary or exploratory endpoints.

Consistent with the expert panel's recommendation above to
include participants with moderate and severe bleeding in
pivotal clinical trials of agents to treat HHT-associated bleed-
ing, the expert panel recommends caution with the use of a
hematologic endpoint (solitary or composite) as a primary or
co-primary endpoint in such trials. The panel makes this rec-
ommendation given the substantial heterogeneity in baseline
hematologic support requirements among participants with
moderate bleeding, resulting in a high risk of randomization
failure between study groups and challenges properly power-
ing such a trial (Appendix, pp.7-9). Conversely, for trials lim-
iting the studied population to those with severe bleeding, a
composite hematologic endpoint such as the HSS is an ideal
primary endpoint. The severe bleeding population has suf-
ficiently high baseline hematologic support requirements to
adequately power such a trial and is typically enriched with
participants suffering from chronic gastrointestinal bleeding
who have high baseline hematologic support requirements.
Evaluation of chronic gastrointestinal bleeding remains reli-
ant on hematologic measurements (ideally composite hema-
tologic endpoints) as there is currently no reliable means to
quantify gastrointestinal blood loss specifically or to separate
it from concurrent epistaxis blood loss.

Additionally, the expert panel recommends the use of protoco-
lized thresholds for the administration of hematologic support
in prospective HHT clinical trials. Practice variation between
investigators, countries, and hospitals introduces a major source
of potential confounding and bias pertaining to the administra-
tion of red cell transfusions and intravenous iron and may cause
a failure to accurately assess the therapeutic potential of a drug
[41]. Protocolized ferritin and transferrin saturation thresholds
(e.g., ferritin <50ng/mL and/or transferrin saturation <20%)
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Components
* Red cell units transfused
(1 unit = 1 RUE)
« Elemental iron infused
(250 mg = 1 RUE)
* Hemoglobin (g/dL)
250 (1 g/dL = 1 RUE)

HSS and HIS equations
convert all components into
red cell unit equivalents
(RUEs)

Hematologic Support Score (HSS)

Milligrams Elemental Iron Infused

HSS = Units RBCs Transfused +

Hematologic Impact Score (HIS)

HIS = (Hemoglobiny, - HSS;,) - (Hemoglobiny, - HSS,)

FIGURE 1 | Composite Hematologic Endpoints, the Hematologic Support Score (HSS) and Hematologic Impact Score (HIS). The HSS mea-
sures the total amount of hematologic support over a specified time frame (e.g., 3-month HSS; any time frame may be used, but a minimum of
3months/12weeks is recommended in clinical studies); a higher number signifies more required hematologic support and worse overall bleeding.
The HIS assesses the total hematologic impact over a reference time frame by integrating the change in hemoglobin and the change in the HSS over
that period of time; a higher number signifies a greater improvement in hematologic status over the time period. Example: A person with HHT re-
ceives 2units RBCs and 1000 mg elemental iron during a 6-month period (T1), and at the end of the period her hemoglobin is 10.5g/dL (Hemoglobin
at T1). The 6-month HSS for this person is 6.00 red-cell unit equivalents, or RUEs (HSS at T1). She then enters a 6-month interventional clinical trial,
during which time she receives a novel therapeutic to treat bleeding. During the 6-month trial period, she receives O units RBCs and 500 mg elemental
iron, and at the end of the period her hemoglobin is 11.7 g/dL (Hemoglobin at T2). Her post-intervention 6-month HSS is 2.00 RUEs (HSS at T2). Her
HSS improved by 67%, and her HIS is +5.2 RUEs, representative of an improvement in overall hematologic status of 5.2 RUEs during the 6 months
receiving treatment on trial compared with the 6 months prior. Both the HSS and HIS demonstrate a substantial improvement in her hematologic
status achieved through reduced bleeding (and a much greater improvement recognized than had a solitary hemoglobin endpoint been used). Of
note, these composite endpoints must be adjusted for use in children, as red cell transfusion quantities in children are weight-based and not given in

standardized units. T1 =Time 1 (baseline), T2 =Time 2 (end). [Color figure can be viewed at wileyonlinelibrary.com]|

[31] should be utilized to trigger iron infusion, which should
require infusion of a narrow range of iron quantity (e.g., 400-
600mg or 800-1000mg) for each occurrence. A narrow range
of iron quantity is crucial in allowing for necessary flexibility
to use one of many different IV iron formulations while con-
trolling the amount of iron administered with each triggered
infusion. Similarly, explicit hemoglobin transfusion thresholds
should be defined in the protocol to trigger transfusion of a cer-
tain number of red-cell units (e.g., hemoglobin < 8.5 g/L triggers
transfusion of 1 unit, hemoglobin < 7.5 g/dL triggers transfusion
of 2units, etc.). For red-cell transfusion-dependent participants,
investigators may choose to make transfusion thresholds in-
dividualized to a given participant, if they desire, as has been
done successfully in other trials enrolling participants with
transfusion-dependent anemia [42].

As mentioned previously, heavy menstrual bleeding may be
more prevalent in HHT than in the general population and
could serve as a confounder in the accurate assessment of hema-
tologic endpoints in menstruating women. The expert panel rec-
ommends that clinical trial protocols limit the introduction of
medications or interventions that may significantly impact men-
strual flow (e.g., intrauterine contraceptive placement, initiation
of oral contraceptives or endometrial ablation), unless medically
necessary, during a clinical trial in which hematologic endpoints
are designated as primary or key secondary endpoints in order
to best keep menstrual blood loss stable in the absence of benefit
induced by the investigational therapy. Additionally, in such tri-
als, the expert panel recommends that a method to understand
the evolution of menstrual blood loss while hematologic end-
points are being evaluated be used, such as the Pictorial Blood
Assessment Chart (PBAC) questionnaire and/or the Menstrual
Bleeding Questionnaire (MBQ) [43, 44]. Under no circumstance
should these additional recommendations discourage or reduce
the participation of women in HHT clinical trials.

Lastly, when hematologic endpoints are designated primary or
key secondary, the panel recommends that clinical trials im-
pose a requirement for either discontinuation of oral iron prior
to enrollment (and sole management with IV iron) or for oral
iron supplementation to remain stable during all periods that
hematologic endpoints are measured, to eliminate the potential
for confounding on the results of hematologic endpoint mea-
surements as it is impossible to determine the amount of iron
absorbed from the gut of each individual participant taking
oral iron.

7 | Health-Related Quality of Life Measures and
Endpoints

HRQoL, an individual or group's perception of their physical and
mental health over time [45], is of major importance in people
with HHT [3, 14, 46, 47] and this should be reflected in clinical
trials. Previous studies have demonstrated that the symptoms
with the greatest impact on the HRQoL of people with HHT are
recurrent epistaxis and the consequences of chronic iron defi-
ciency and iron deficiency anemia, namely fatigue [48]. The sci-
ence of HRQoL measurement in HHT clinical trials remains in
its early stages, however.

Generic HRQoL measurement scales, such as the Short
Form-36 (SF-36) and Euro Quality of Life 5 Dimension scale
(EuroQOL-5D) have previously demonstrated reduced HRQoL
in people with HHT relative to the general population, most no-
tably with regards to anxiety, depression, pain, and discomfort
[49, 50]. However, the generic scales included in major HHT
clinical trials, such as PROMIS inventories and the SF-12 have
generally performed poorly, with limited or no correlation to
epistaxis measures or HHT-specific HRQoL measurements
[19, 22]. This is not unexpected given that these generic scales
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have no epistaxis-specific items. The HHT-specific HRQoL
measurement scales, Quality of Life Questionnaire in HHT and
HHT-Specific Quality of Life Scale [46, 47] (Appendix, pp.26-
28) remain quite new. The Quality of Life Questionnaire in HHT
has been validated, but not yet utilized in a clinical trial; the
HHT-Specific Quality of Life Scale recently underwent valida-
tion in an interventional clinical trial (PATH-HHT), and the for-
mal manuscript describing this validation is awaited. As is true
for many diseases, given the differences between how children
and adults experience disease, the expert panel acknowledges
the need for a pediatric HHT-specific HRQoL measurement
scale to be developed and validated.

Therefore, at this time, the expert panel recommends the in-
clusion of HHT-specific HRQoL measurement scales in all pro-
spective interventional HHT clinical trials, with the caveat that
until validated in an interventional clinical trial such a measure-
ment should be designated a secondary or exploratory endpoint.
Inclusion of generic HRQoL measurement scales may be consid-
ered in addition to the use of HHT-specific scales but should be
designated non-key secondary or exploratory endpoints.

8 | Bleeding Response Criteria and Clinically
Important Differences in Clinical Studies

At present, beyond the minimal clinically important difference
(MCID) for the ESS and NOSE HHT scores, there remains con-
siderable heterogeneity in what clinical studies determine to be
a clinically important difference in epistaxis and hematologic
endpoints. Defining epistaxis and hematologic response thresh-
olds as well as defining a clinically meaningful improvement
between groups within a randomized study based on the best
available evidence and the expertise of the panel was therefore
considered an essential component of this standardization pro-
cess. Importantly, all criteria defined in this section are intended
for use in clinical studies and should not be used by payors to
define response or lack thereof to a therapy in clinical practice.

Epistaxis endpoints can be statistically assessed in multiple
ways. Repeated measures models can compare improvements
in study groups over time, as was done with the ESS in the
PATH-HHT trial and with epistaxis diary measurements in the
VADO044002 trial [19, 24]. Conversely, although disadvantageous

TABLE 3 | Epistaxis response definitions for responder analysis in individual participants.

Interval required

Term

Definition

to adjudicate

Notes

Epistaxis Response (ER)

Optimal Epistaxis Response

(OER)

Nonresponse (NR)

Durable Response

Reduction in
epistaxis duration,
frequency, or a
composite epistaxis
endpoint (e.g.,
intensity-adjusted
duration) of 30%-50%
relative to baseline

Reduction in
epistaxis duration,
frequency, or a
composite epistaxis
endpoint (e.g.,
intensity-adjusted
duration) of > 50%
relative to baseline

Failure to achieve ER

Achievement of
ER (without loss of
response) or OER
(without loss of
optimal response)
for a period of
6 months or longer

At least 1 month (28 days)
worth of epistaxis
diary data required in
order to adjudicate

At least 1 month (28 days)
worth of epistaxis
diary data required in
order to adjudicate

At least 1 month (28 days)
worth of epistaxis
diary data required in
order to adjudicate

At least 6 months (168 days)
worth of epistaxis
diary data required in
order to adjudicate

Loss of response is defined as
dropping below the 30% improvement
(relative to baseline) threshold in
the epistaxis parameter for at least
2 consecutive months (56 days)

Loss of optimal response is defined as
dropping below the >50% improvement
(relative to baseline) threshold in
the epistaxis parameter for at least
2 consecutive months (56 days)

A participant classified as NR may
be given the sub-designation of
Clinical Epistaxis Improvement (CEI),
defined as achieving an objective
epistaxis benefit despite not achieving
criteria for ER (e.g., measurable
improvement in epistaxis intensity)

Intended for use primarily in open-
label extension studies; can be defined
as durable ER or durable OER

Note: The definitions listed in this table may be used in relation to any prespecified epistaxis diary measurement, including epistaxis duration, frequency, or a
composite epistaxis endpoint (e.g., intensity-adjusted duration). Currently, the most optimal epistaxis diary parameter(s) (e.g., frequency versus duration versus a

composite) for application to binary responder analysis are not known and are a topic of ongoing investigation.
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from a statistical power perspective, individual participants
may be classified in binary fashion as achieving an epistaxis re-
sponse or as non-responders, and groups analyzed on the basis
of responder proportions, as was done in the EPICURE trial [22].

8.1 | Epistaxis Response Definitions

The expert panel defined the terms epistaxis response (ER),
optimal epistaxis response (OER), clinical epistaxis improve-
ment (CEI), nonresponse (NR), and durable response (durable
ER and durable OER), Table 3, for responder analysis (response
to treatment) of epistaxis diary data (frequency, duration, and
severity). Loss of response and loss of optimal response were ad-
ditionally defined. The expert panel determined that these defi-
nitions should be generally applicable across HHT-associated
bleeding clinical studies and, if binary responder analysis is
chosen as an efficacy endpoint, recommends their use (versus
alternative study-specific response definitions) unless there is
a uniquely compelling reason not to do so on the basis of the
individual drug/intervention and its toxicities. Additionally, the
risk-benefit profile of a specific therapy should be considered
when determining the response definition used as the primary
response threshold. For most therapeutics, expected to have
mild to moderate toxicity, ER may be appropriate as the thresh-
old for response, and for those with more intensive possible tox-
icities and/or cost (such as a potential cell or gene therapeutic),
OER may be more appropriate as the primary response thresh-
old. Illustrative examples of proper application of these response
definitions are given in the Appendix, p.29.

8.2 | Clinically Important Difference for Epistaxis
Parameters in Randomized Trials

After an in-depth review of the randomized clinical trials com-
pleted over the 20years preceding this report (Appendix, pp.7-9),
the expert panel defines a minimum difference in an epistaxis
diary endpoint (frequency, duration, or a composite endpoint
such as intensity-adjusted duration) of 15% or more between the
mean outcome scores of two groups (an experimental group and a
placebo group, or two treatment groups undergoing comparison)
as a clinically meaningful difference between groups. This num-
ber is consistent with the magnitude of benefit observed between
arms in successful large placebo-controlled studies that have
been done of efficacious therapeutics such as systemic tranexamic
acid and pomalidomide [19, 25], considers that a significant pro-
portion of participants with this heterogeneous disease may be
non-responders to an otherwise efficacious therapeutic and ac-
counts for the well-documented placebo effect with epistaxis
measurements. Additionally, the expert panel recognizes a mini-
mum difference between groups in a validated epistaxis severity
instrument (e.g., ESS or NOSE HHT) to be equal to the MCID of
the instrument (0.71 points in the case of the ESS, and 0.46 points
in the case of the NOSE HHT) [40, 51].

8.3 | Addressing Baseline Epistaxis Outliers

Outliers with regards to baseline monthly epistaxis duration
or frequency are common in HHT clinical trials (Appendix,

pp-10-13), which increase variability in measurements, skew
pre- and post-treatment means, and impose additional chal-
lenges in statistical planning and analysis [52]. The expert panel
recommends including, in the prespecified statistical analy-
sis plan for all clinical trials, a standard statistical approach
to addressing outliers (on the basis of baseline epistaxis mea-
surements) in primary efficacy analyses, or at least including a
prespecified sensitivity analysis in which these outliers are ad-
dressed. The approach should be selected based on what is most
appropriate and rigorous for the specific study in consultation
with a biostatistician.

8.4 | Hematologic Response Definitions

The expert panel defined the terms hematologic response (HR),
optimal hematologic response (OHR), hemoglobin response
(HbR), and optimal hemoglobin response (OHDbR), Table 4.
Hematologic support dependence/freedom and red cell transfu-
sion dependence/freedom are additionally defined.

8.5 | Health-Related Quality of Life Response
Definitions

As outlined in Section 7, the expert panel recognizes the impor-
tance of HRQoL measurements in HHT clinical trials. However,
as discussed in Section 7, the science of HRQoL measurement
in HHT clinical trials remains in its early stages. Therefore, the
expert panel determined this as an important area of future re-
search and not currently appropriate for formalized response
definitions.

8.6 | Treatment Refractoriness

The expert panel defined “refractoriness” in the context of
HHT-associated bleeding to apply to individual treatments
only. The expert panel highlighted that it should be used to de-
scribe the symptom or disease state (not the person), and that
it should be used in the context of advanced systemic therapies
(e.g., systemic antiangiogenic agents, such as bevacizumab,
thalidomide, pomalidomide, and pazopanib) only. For exam-
ple, a person's HHT may be refractory to bevacizumab and
pazopanib but responsive to pomalidomide. A person's HHT
is refractory to a certain therapeutic if they no longer derive
clinical benefit from that agent or have never derived clinical
benefit from that agent. Clinical benefit in this circumstance
is best defined by the participant and treating investigator.
This terminology is best suited to use in eligibility determi-
nation for clinical trials, e.g., a trial seeking to enroll partici-
pants with bleeding refractory to bevacizumab.

9 | Conclusions

This ICR harmonizes definitions, terminology, and response cri-
teria for bleeding in HHT, providing an evidence- and expertise-
based framework for the development and implementation of
clinical studies in this field. It is also expected to be useful in
the future development of clinical guidelines. This was achieved
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through the use of rigorous evidence review, a large and inter-
national group of experts, inclusion of the patient and patient
advocate voice, achievement of consensus over multiple face-to-
face meetings and multiple rounds of review and revision, and
rigorous external review prior to finalization. It stands out as
the largest effort to date in the global harmonization of HHT
terminology, definitions, and clinical trial planning and design.
Ultimately, standardization efforts such as this one must evolve
with time and acquisition of new evidence, and the ICR Working
Group members are committed to the ongoing re-evaluation of
this report.
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