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Abstract

Objectives: There is great interest in developing and studying novel therapies for epi-

staxis in hereditary hemorrhagic telangiectasia (HHT) given its associated morbidity

and impact on patients' quality of life. Several recent randomized controlled trials

(RCTs) have been negative, likely attributed to poorly characterized outcome mea-

sures. This study reported on and evaluated an epistaxis outcome measure, weekly

epistaxis duration (WED) in an ongoing RCT, with the aim of better characterizing

the measurement of epistaxis for clinical trials.

Materials and methods: Patients were recruited to an ongoing phase II, double-blind,

cross-over RCTs of oral doxycycline for HHT-associated epistaxis. Patients were

included for the epistaxis measures analysis if they had already completed the initial

3-month run-in period, and had received treatment of either study drug doxycycline

or placebo for a minimum of 6 months. The primary measure of interest was patient-

reported outcome (PRO)-WED, captured from prospective daily diaries. Epistaxis

severity score (ESS) was collected as a secondary outcome.

Results: Seven patients were included for analysis, with 98% completion of the daily

diary. The average PRO-WED across all patients was 85.0 minutes, SD 93.2 at base-

line, and 65.6 minutes, SD 59.5 during treatment/placebo. Coefficient of variance for

PRO-WED at baseline and during treatment/placebo was 0.49, SD 0.1 and 0.58, SD

0.2, respectively. Statistically significant changes in the mean PRO-WED from base-

line to treatment/placebo was noted in six patients (86%). Only two patients (29%)

had a significant change in ESS, with both reporting decreased (improved) scores

after treatment/placebo as compared to baseline.

Conclusions: PRO-WED was a feasible clinical trials measure, was reasonably stable

during baseline measurement, and appeared to be variable with treatment state,

suggesting it may provide a sensitive clinical trials PRO in HHT.
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1 | INTRODUCTION

More than 90% of adults with hereditary hemorrhagic telangiectasia

(HHT) develop chronic epistaxis, resulting in significant morbidity

including anemia. Increasing severity of nosebleeds is significantly cor-

related with worsening quality of life.1-7 Currently, promising anti-

angiogenic therapies are emerging for chronic bleeding in HHT, in

which a small number of clinical trials have been undertaken, including

topical bevacizumab in HHT-related bleeding. Two recent multicenter

randomized controlled clinical trials (RCTs) of topical bevacizumab for

epistaxis in HHT were negative, with authors identifying poorly char-

acterized epistaxis outcomes measures as a contributor.8,9

The epistaxis severity score (ESS) has been validated to assess

bleeding severity in HHT, but is of limited utility in clinical trials.5,10,11

The ESS contains six questions of varying weight, and asks patients to

report severity and frequency of epistaxis over the past 3 months.

The questions relate to epistaxis symptoms, but also to outcomes,

such as the need for blood transfusions. A normalized final score is

then calculated, ranging from 1 to 10, with increasing score denoting

more severe epistaxis.10 Though the ESS may appear to be useful for

stratifying HHT patients for clinical trials, it is more limited as an out-

come measure as patients, given its retrospective collection, that

patients are asked to “average” their “typical symptoms” over the past

3 months, and the specified 3-month period of assessment. The retro-

spective nature may place greater emphasis on more recent events

and it may also be challenging for patients to define “typical” symp-

toms, as some experience a variable range of bleeds on a daily basis.

Within the context of an ongoing RCT, patients were asked to

report every episode of epistaxis, including intensity and duration,

with the use of a daily diary. As an exploratory study of preliminary

results from our RCT, we aimed to evaluate the measurement charac-

teristics of the patient-reported outcome weekly epistaxis duration

(PRO-WED) and its sensitivity to change by treatment period in HHT

patients.

2 | METHODS

2.1 | Ethics

This study was approved by the St. Michael's Hospital research ethics

board (#17-294).

2.2 | Study design

This was a descriptive report of epistaxis outcomes measures collected

in an ongoing phase II, double-blind, placebo-controlled, cross-over,

RCT of oral doxycycline for epistaxis, being conducted at the Toronto

HHT Centre at St. Michael's Hospital, Toronto, Canada, with active

patient recruitment (ClinicalTrials.gov Identifier: NCT03397004).

The RCT is expected to take place over a period of 24-month

period for each patient, starting at different time points. This consists

of a run-in period of 3 months, treatment period of 6 months (doxycy-

cline/placebo), washout period of 6 months, followed by the second

treatment period of 6 months (doxycycline/placebo), and a final

follow-up of 3 months. The order of investigational product is ran-

domized, where approximately one-half start in the doxycycline arm,

and one-half in the placebo arm. The research pharmacy staff allo-

cates investigational product and provide medication according to a

pre-determined, computerized block randomization scheme using ran-

domly permuted block sizes. Only the research pharmacy staff are

aware of the treatment allocation; participants, other study personnel,

the treating physician, and other outcome assessors are masked.

Monitoring occurs every 2 weeks by phone with clinic visit every

6 weeks; medical history and physical examination is performed at all

clinic visits.

2.3 | Patient selection for the clinical trial

A total of 30 patients with a moderate-severe recurrent epistaxis are

being recruited for the study. Inclusion criteria for the RCT are: age

over 18 years, clinical or genetic diagnosis of HHT, epistaxis at least

15 minutes per week (mean for past month), at least one telangiecta-

sia (skin or mucosal) available for micro-imaging, and ability to give

written informed consent, including compliance with the requirements

of the study. Exclusion criteria for the RCT are: allergy/intolerance to

the doxycycline or related agents, unstable medical illness, acute

infection, creatinine > upper limit of normal (ULN), liver transaminases

(AST or ALT) > = 2× ULN, recent (within 2 months) use of doxycycline

or other tetracycline agents, women who are pregnant or

breastfeeding or plan to become pregnant during of the study, beta-

HCG level >6 IU/L (retest if 6-24 IU/L), specific contra-indications for

doxycycline, and/or on blood thinner and refuses to have family doc-

tor notified of study participation.

2.4 | Patient selection for the current study

Only those patients currently enrolled in the RCT, who have com-

pleted the initial 3-month run-in period, and have received treatment

of either doxycycline or placebo for a minimal of 6 months were

included. Study investigators were blinded to what treatment patients

have received, which was either with study drug doxycycline or

placebo.

2.5 | Outcome measures

Patients were asked to complete a prospective daily diary, which cap-

tured the number of epistaxis per day, duration of each epistaxis, and

its severity (gushing or non-gushing). Patients received regular follow-

up calls (every 2 weeks) by the research coordinator, in order to

encourage ongoing compliance. Completion rate was calculated as the

total number of completed daily diary entries over the course of the
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study period. The predefined primary outcome measure of interest

was PRO-WED and also change in mean PRO-WED from baseline

(PRO-WED averaged over 3-month course of run-in) as compared to

active treatment/placebo (PRO-WED averaged over 6-month course

of treatment/placebo). PRO-WED was calculated as the total minutes

of all epistaxis episodes within a given week reported via the daily

diary. The secondary outcome measure of interest, ESS, was com-

pleted by each patient during clinical visits every 6 weeks.

2.6 | Statistical analysis

Data were first imported into a spreadsheet designed specifically for

the study. Descriptive statistics were used to display the data. Categori-

cal variables were reported as frequencies and relative frequencies.

Continuous variables were reported as mean and SD. Normality was

evaluated, and comparisons of baseline and treatment WEDs means

were performed using Student's t test for each patient. Mean differ-

ences were expressed with 95% confidence interval (CI). Moreover,

PRO-WED was plotted against time for each patient at baseline and

treatment. With this, the regression best-fit lines were calculated, and

analysis of covariance was performed to elicit statistically significant

differences in the slope and elevation of regression lines for each

patient. Additionally, the coefficient of variance (CV) was calculated for

PRO-WED. All statistical analyses were performed using Prism (V7,

GraphPad, United States). Statistical significant was set to P < .05.

3 | RESULTS

There were seven patients included for analysis, with 29% (2/7)

females. The average age was 67.0 years, SD 12.8. Mean duration of

treatment/placebo was 160.0 days, SD 18.3. The completion rate of

the daily epistaxis diary was 98% for the seven patients. Overall aver-

age PRO-WED across all patients (combined baseline and during

treatment/placebo) was 75.3 minutes, SD 75.8.

The average PRO-WED for each patient during baseline (averaged

over 3-month run-in) and during treatment/placebo (averaged over

6-month course) along with the range of PRO-WED are included as part

of Table 1. The average PRO-WED across all patients at baseline was

85.0 minutes, SD 93.2, and 65.6 minutes, SD 59.5 during the treatment/

placebo period. In evaluating the stability of PRO-WED, CV was evalu-

ated between PRO-WED at baseline and during treatment/placebo, and

was noted to be 0.49, SD 0.1 and 0.58, SD 0.2, respectively.

When comparing the average PRO-WED between baseline and

treatment/placebo for each patient (Table 1), statistically significant

changes were noted in six of the seven patients (86%). Of these, four

(67%) patients had a significant decrease in minutes of average PRO-

WED and two (29%) patients had significant increases—patients 2 and

4, with PRO-WED increases of 28 minutes (95% CI 10-46 minutes)

and 12 minutes (95% CI 0.5-24), respectively.

PRO-WED over time for each patient can be found as part of

Figure 1. Three patients (43%), patients 2, 3, and 7, had significant

changes in the elevation/intercept of the regression line from baseline to

treatment. Two patients (29%), patients 4 and 5, had significant changes

in the slope of the regression line from baseline to treatment. Of the six

patients who demonstrated a significant change of the average PRO-

WED frombaseline to treatment, five (83%) also demonstrated significant

changes in either elevation or slope of the best-fit regression line.

The mean ESS for each patient at baseline and during treatment is

displaced as Table 2. As seen, there were only two patients (29%),

patients 4 and 6, who showed a significant change in their ESS after

receiving treatment/placebo. In both of these cases, there were signifi-

cant decreases noted. When we looked at these two patients' average

PRO-WED, we noted there were discordances between changes in

ESS and changes in average PRO-WED. For patient 4, who had a signif-

icant decrease in ESS, there was a statistically significant increase in the

average PRO-WED. For patient 6, while ESS decreased significantly,

the reported average PRO-WED did not change statistically.

4 | DISCUSSION

In this study, we characterized PRO-WED as a clinical trial outcomes

measure for epistaxis in HHT. We demonstrated that prospective

daily diary data collection was feasible with an excellent compliance

TABLE 1 Patient reported outcome WED (minutes) baseline vs treatment

Patient #

Baseline PRO-WED

mean (SD)

Baseline PRO-WED

range

Treatment/placebo

PRO-WED mean (SD)

Treatment/placebo

PRO-WED range P-value

1a 274.4 (150.0) 90-508 194.8 (97.1) 63-378 .031a

2a 34.3 (10.4) 22-51 62.5 (29.5) 10-113 .002a

3a 61.0 (33.7) 30-140 38.7 (23.0) 5-105 .013a

4a 28.7 (14.9) 10-57 40.5 (17.9) 4.3-71.5 .030a

5a 26.3 (14.0) 6.3-52 19.0 (10.5) 6-41 .045a

6 28.4 (12.1) 0-50.5 33.9 (34.4) 0-134 .297

7a 142.1 (87.4) 55-340 70.0 (36.4) 10-145 .003a

Abbreviations: PRO, patient-reported outcome; WED, weekly epistaxis duration.
aDenotes statistical significance between average WED baseline and treatment/placebo.
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rate of 98%. We also demonstrated that PRO-WED measurements

had reasonable stability at baseline, and detected change in mean

PRO-WED with treatment period, suggesting that this may be a sensi-

tive clinical trials outcomes measure.

PRO-WED was derived from an epistaxis diary, which was com-

pleted on a daily basis as part of the ongoing RCT. It was a feasible

measure to obtain, given the high degree of compliance from patients

within the trial. From a stability perspective, CV was 0.49 for baseline

F IGURE 1 Weekly epistaxis duration over time per patient
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PRO-WED and 0.68 for treatment/placebo PRO-WED, which is rea-

sonably low variance, and therefore suggests stability of the measure

around the mean. Additionally, when we looked at the regression

models, slopes of the best-fit models for baseline PRO-WED averaged

across all patients was −0.7, and nonsignificant from a nonzero slope.

Both of these characteristics of the baseline PRO-WED measurement

reflect its stability, low variability, and potential to be a good outcome

measure for epistaxis within a trial setting.

There appeared to be higher rates of sensitivity to change

between baseline and treatment/placebo periods with average PRO-

WED (6/7 patients had statistically significant changes) as compared

to mean ESS score (2/7 patients had statistically significant changes).

Within a clinical trial setting, increased sensitivity of a reporting tool

to detect change is valuable, as it can detect small changes in patients

that may be clinically important.12 Our findings seemed to indicate

that averaged PRO-WED was more sensitive to change, as reflected

in the increased number of statistically significant differences with

treatment period, as compared to mean ESS. Likewise, other studies

and RCTs implementing the use of daily diaries have noted high com-

pliance rates, and improved quality of PRO.13-15 As a prospective

PRO tool, measurements of PRO-WED collected from a daily diary is

likely to be a more accurate reflection of the true epistaxis severity

with decreased recall bias, and within a trial setting, more sensitive in

detecting changes to epistaxis severity.

The ESS is a disease-specific tool designed for measuring epi-

staxis severity in HHT. This six-item PRO measure was developed and

statistically validated using variables most correlated with epistaxis

severity in this population.10 The ESS has been widely used for clinical

assessment of epistaxis in HHT patients.11,16-18 However, the score is

based on retrospective recall of symptoms over the last 3 months and

is therefore inherently subject to recall bias, with more recent or

significant episodes potentially influencing the answer. In addition,

the questionnaire requires patients to answer based on “typical”
symptoms over the last 3 months, which is often challenging for the

patient to define, amongst a wide range of bleeding events. The PRO-

WED is measured from a daily prospective diary, without asking

patients to recall remote bleeds or define “typical” bleeds. With the

PRO-WED, we noted more frequent significant differences between

baseline and treatment/placebo, suggesting that this tool is more sen-

sitive to change. Additionally, reliability of the ESS was called into

question as we noted two patients reporting ESS results which con-

tradicted their daily diary results. This may be the result of additional

questions on the ESS which asks about anemia status, and need for

blood transfusions, which may not be directly associated with the

degree of epistaxis severity/time, but also of other bleeding sources

that HHT patients may encounter.

There were potential limitations to this study. First, as this study

was an assessment of preliminary results from an ongoing RCT with

active recruitment, and we were limited by the sample size of avail-

able participants who have enrolled, completed the 3-month run-in

and the initial 6-month period of treatment/placebo. Despite this, we

were able to detect significant changes in PRO-WED, and that as a

measure, PRO-WED was more sensitive to change within a clinical

trial setting. Further validation, with a large sample size, will be help-

ful. Moreover, as we did not unblind study investigators to the treat-

ment allocation at this time, we have not analyzed PRO-WED results

based on the treatment received, and we make draw no conclusions

about efficacy of doxycycline. Additionally, although PRO-WED may

be indicative of severity, it may not provide a comprehensive picture,

in that patients with frequent shorter bleeds and less frequent longer

bleeds would have similar PRO-WED, but may be differently affected.

Correlating PRO-WED with quality of life measurement tools in the

future may be beneficial.

5 | CONCLUSION

We demonstrated that PRO-WED is a feasible clinical trials measure,

and was reasonably stable during baseline measurement. PRO-WED

appeared to be variable with treatment state, suggesting it may pro-

vide a sensitive clinical trials outcome measure in HHT.
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TABLE 2 ESS baseline vs treatment/placebo per patient

Patient # Baseline ESS mean (SD) Treatment ESS mean (SD) Mean difference (95% confidence interval) P-value

1 4.4 (0.1) 4.3 (0.9) 0.1 (−1.9 to 2.3) .408

2 4.1 (0.4) 4.8 (0.7) −0.7 (−2.3 to 1.0) .164

3 4.8 (0.8) 3.8 (1.6) 1.0 (−2.4 to 4.4) .229

4a 5.0 (0.6) 3.5 (0.6) 1.5 (0.003-2.9) .025a

5 4.1 (0.6) 3.9 (0.5) 0.2 (−1.3 to 1.7) .354

6a 6.4 (0.1) 3.7 (0.8) 2.7 (0.3-5.0) .019a

7 7.3 (0.1) 7.4 (1.2) −0.1 (−3.6 to 3.4) .457

Abbreviation: ESS, epistaxis severity score.
aDenotes statistical significance.
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