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Summary

Background: Heavy menstrual bleeding (HMB) occurs in 80% of females with von
Willebrand disease (VWD) and is associated with iron deficiency and poor response to current
therapies. International guidelines indicate low certainty regarding effectiveness of hormonal and
nonhormonal therapy, including the nonhormonal standard tranexamic acid (TA). While VWF
concentrate is approved for bleeds, no prospective trials guide its use in HMB. We hypothesized
r'VWE is superior to TA in reducing HMB.

Methods: The aim of this multicenter (13-site), randomized, crossover, unblinded open-label
trial was to determine the efficacy of recombinant VWF (Vonvendi®, rVWF) vs. tranexamic acid
(Lysteda®, TA) in reducing HMB in VWD. Subjects 13-45 years of age with VWD, defined as
VWF:RC0<0.50 IU/mL, and HMB, defined as a pictorial blood assessment chart (PBAC) score
>100 in one of the last two cycles, were assigned in a 1:1 allocation ratio using \\\permuted
block randomization to two consecutive cycles each of intravenous rVWF, 40 1U/kg on day 1,
and oral TA 1,300 mg t.i.d. on days 1-5, the order determined by randomization. The primary
outcome was a 40-point reduction in PBAC score by day 5 after two cycles per treatment. There
was no washout. The primary endpoint was analyzed in all randomized patients with a least one

post-baseline PBAC score, using a 4-period 2-group AABB/BBAA crossover design. The trial was

registered at www.clinicaltrials.gov (NCT 02606045).

Findings: 36 subjects were enrolled between February 12, 2019 and November 16, 2021. Median

follow-up was 23.97 weeks (IQR:21.81, 28.14). Mean PBAC score was significantly lower after 2
cycles with TA, than rVWF, 226 (95% CI: 188, 264) in TA-treated and 272 (95%Cl: 230, 314) in
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rVWEF-treated subjects, resulting in a mean treatment effect of 46 (95% CI: 2, 90), p=0.039. There
were no serious adverse events or treatment-related deaths.

Interpretation: rVWEF is inferior to TA in reducing HMB in subjects with mild or moderate
VWD, with neither treatment showed a clinically relevant effect, > 40 points difference in the

score.

Funding: National Heart Lung Blood Institute, NIH, Bethesda MD, NHLBI U01
HL133815-01A1
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Introduction

Von Willebrand disease (VWD) is the most common inherited bleeding disorder, with

a symptomatic prevalence of 0.1% of the population.l VWD results from deficient or
defective von Willebrand factor (VWF), a multimeric protein which facilitates platelet
binding to collagen at sites of injury, and is characterized by mucosal bleeding in the
oropharyngeal, gastrointestinal, and genitourinary tracts.2 Among women and girls with
VWD, up to 80% have heavy menstrual bleeding (HMB)? defined as excess menstrual
blood loss exceeding 80cc per cycle, which affects quality of life, with iron deficiency, and
cognitive, physical, and psychological defects.#> Up to 30% of women who use hormonal
or nonhormonal therapies for HMB find them ineffective or cannot tolerate them.® The
lack of effective therapies for HMB remains a major unmet healthcare need in VWD.5:

Few randomized trials are available to guide treatment, and international guidelines indicate
low certainty regarding the effectiveness of hormonal and nonhormonal therapy in HVIB.”
Among the latter, tranexamic acid (TA, Lysteda®), a nonhormonal antifibrinolytic agent, is
considered to have the least undesirable side effects as compared with hormonal therapy or
desmopressin,’ but it requires three doses daily for five days each of the menstrual cycle.
While VWF factor concentrate (pdVWF: Humate-P® or rVWF, Vonvendi®) safely reduces
bleeding events in VWD,?9 it is costly and requires intravenous infusion and few data are
available regarding its use in HMB. In a summary of studies to date, 355 subjects with
VWD receiving VWF for bleeds, 88 (24.8%) were women with HMB, of whom 84 received
pdVWF for 1-6 days/cycle, and 4 received rVWF for 1-2 days/cycle, at a median dose

of 43 1U/kg, with 95% reduction in bleeds and no adverse effects.10 Given its purity and
prolonged half-life,1112 r\VWF represents a compelling alternative therapeutic for HMB that
might be effective on 1 or 2 treatment days/cycle. We, therefore, conducted a randomized
crossover trial comparing rVWF with the standard nonhormonal treatment, TA, in reducing
HMB in women and girls with VWD.
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Methods

Study design

This phase 3, prospective outpatient, open-label, 1:1 randomized crossover NHLBI-funded
Uo01 trial (ClinicalTrials.gov NCT0206045) evaluated HMB by PBAC score in subjects with
VWD after 2 cycles each of intravenous recombinant von Willebrand factor (Vonvendi®,
rVWF) or oral tranexamic acid (Lysteda®, TA). The research was approved by the relevant
institutional review boards or ethics committees and all participants gave written informed
consent. The work was funded by Grant NHLBI grant U01HL 133815 from the Heart Blood
and Lung Institute, National Institutes of Health, Bethesda, Maryland. Recombinant von
Willebrand factor, Vonvendi®, was provided by Takeda Pharmaceuticals U.S.A. The trial
was conducted at 18 U.S. sites, 13 of which enrolled subjects from February 12, 2019 to
November 16, 2021. A flow diagram of the trial is provided in CONSORT format, Figure 1.
The interim analysis reported in this paper was unplanned and performed at the request of
the DSMB due to slow recruitment.

Participants

The study enrolled subjects who met all the following inclusion criteria; age 13-45 years of
age with mild or moderate VWD; historical VWF:RCo < 0.50 IU/mL; past bleeding; HMB
defined as PBAC > 100 in at least one of the previous two menstrual cycles; no prior history
of allergic reaction or anaphylaxis to rVWF or TA; and willingness i) to have blood drawn;
ii) to avoid ASA and nonsteroidal anti-inflammatory agents during study; iii) to comply with
randomization to rVWF or TA study arms; iv) to keep a personal diary of HMB bleeding
frequency duration and severity by PBAC, and any drugs or hemostatic agents taken; v) to
make 4 visits, undergo blood sampling for coagulation studies, and accept randomization of
two therapies for each of four consecutive menstrual cycles including an end-of-study visit;
and vi) to use double-barrier method of contraception during the study. All subjects reported
PBAC > 100 in both cycles and had other bleeding symptoms. Exclusion criteria were a
bleeding disorder other than VWD; past thrombosis; pregnant or lactating; use of hormones
(other than progesterone-only), combined oral contraceptives, or contraceptive implants in
the past 3 months; platelet count < 100,000/ul; use of immunomodulatory or experimental
drugs; surgery within the past 8 weeks; concomitant antiplatelet drugs, anticoagulants,
dextran, aspirin or NSAIDs; treatment with DDAVP, cryoprecipitate, whole blood, plasma,
or plasma derivatives containing VWF within 5 days of study; inability to comply with study
requirements; hypothyroidism defined by elevated TSH; iron deficiency defined by low
serum ferritin, unless iron replacement was initiated; or history of renal disease. Hormonal
contraceptives were avoided due to a black box warning regarding thrombosis risk when the
latter are used with TA. All patients provided written informed consent.

Randomisation and masking

Subjects were allocated to the two crossover groups in a 1:1 ratio using permuted block
randomization with random block sizes of 4 and 6 to minimize the likelihood of knowing
the assignment of subsequent participants. Th allocation sequence was generated by the
unblinded statistician (SDR) prior to enrollment of any subjects and stored in a secure
database at the Data Coordinating Center for concealment. Aside from the unblinded

Lancet Haematol. Author manuscript; available in PMC 2024 August 01.


http://clinicaltrials.gov
https://clinicaltrials.gov/ct2/show/NCT0206045

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Ragni et al.

Procedures

Page 5

statistician, no members of the study team had access to the full sequence. Once eligibility
was confirmed, clinical coordinators enrolled participants within 72 hours of screening and
assigned them to their randomized study group via the electronic web portal hosted at the
Data Coordinating Center. There was no blinding or masking.

The order of study drugs was assigned to subjects in a 1:1 allocation ratio by permuted
block randomization, either to IV infusion of rVWF 40 1U/kg day 1 or oral TA 1300 mg
three times daily on days 1-5 in each of two consecutive menstrual cycles. There was no
washout period as the half-life of the study drugs was shorter than the interval between
cycles. The order of drugs was determined by randomization; in Group 1, r'VWF was given
in cycles 1 and 2, and TA in cycles 3 and 4; in Group 2, TA was given in cycles 1 and 2, and
r'VWE in cycles 3 and 4. A rescue dose of rVWF 40 1U/kg could be given, at the discretion
of the participant, on day 2 of cycles in which r'VWF was given. All drugs were given

open label with no masking. Subjects were screened during routine clinic at participating
U.S. hemophilia treatment centers (HTCs) (Appendix, page 80). Following confirmation of
eligibility, subjects were randomized 1:1 by accession number linked with the randomization
schema in the database, within 72 hours of screening. Subjects randomized to Group 1
received Arm A, rVWF 40 IU/kg intravenously on day 1 of cycles 1 and 2, and were crossed
over to Arm B, TA 650 mg 2 tablets orally three times daily on days 1-5 of cycles 3 and 4.
Subjects randomized to Group Il received Arm B for each of two menstrual cycles, Cycles

1 and 2, and were crossed over to Arm A, for each of two menstrual cycles, Cycles 3

and 4. There were no planned interim analyses or stratification. Study drugs were prepared
and shipped for each study subject by the contract research organization, McKesson Inc.,
Irving TX, to participating HTCs, where they were stored at 2—-8°C until given to study
subjects. Following HTC receipt of study drug shipment, the 24-week trial began with the
first menstrual cycle following randomization. rVWF was given at 40 1U/kg by intravenous
infusion over 5-10 minutes by standard intravenous technique into a vein on day 1 of
menstrual bleeding. Study subjects were trained in intravenous technique by study nurses (or
administered by home visiting nurse or HTC nurse). TA was given as two 650 mg tablets
(1300 mg) orally three times daily on the first 5 days of menstrual bleeding during each of 2
consecutive cycles. All enrolled subjects were followed for up to 24 weeks, with follow-up
visits at week 16 (post cycle 2) and 24 (post cycle 4, end-of-study. During the two cycles
subjects were randomized to rVWEF, an additional “rescue” dose was allowed the following
day for bleeding not relieved after one dose. Each subject determined if her bleeding might
require a “rescue” dose of r'VWF. This was recorded in the patient diary and also verbally
reported to the study team. There was no blinding and there was no washout period as

the half-life of study drugs was shorter than the interval between cycles. The treatment
schedule was two consecutive cycles on each drug, assessed after 5 days each. Protocol
deviations included expansion of inclusion criteria to type 1 or type 2 VWD, age to 13-45,
and clarification of allowance of progesterone-only hormonal agents. The interim analysis
reported in this paper was unplanned and performed at the request of the DSMB due to slow
recruitment. Stopping rules that, if reached, would halt the trial included 1) uncontrolled
menstrual bleeding, 2) thrombosis, or 3) grade 2-5 allergic reactions (Appendix, page 40).
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The primary outcome measure was the PBAC score,13:14 assessed by each subject using a
PBAC chart and recorded in diary for each cycle of treatment (two cycles per treatment,
per subject). To standardize measurement of menstrual blood loss, all subjects received a
4-month supply of Kotex super-plus tampons and Kotex super-plus maxi-pads for exclusive
use on this trial. PBAC was evaluated after 2 cycles each on rVWF or TA, as 2 cycles
provide as much information regarding PBAC change as 6 cycles.1®

Secondary efficacy outcome measures included cycle severity (CS) and cycle length (CL),
also measured for each cycle of treatment, as well as four quality-of-life (QoL) surveys,
measured three times overall: at baseline, after completing two cycles of the first study
treatment, and after completing two cycles of the second study treatment.

The QoL surveys included Short-Form-36 (SF-36),16 a 36-item general health survey in
eight areas of physical and mental health, validated in women of reproductive age; the Ruta
Menorrhagia Severity Score,}” a 15-item instrument measuring physical, psychological,
and social effects of menorrhagia; the CDC Health-Related Quality of Life (HRQoL-14)
Instrument,18.19 a 14-item instrument assessing the number of physically and mentally
unhealthy days in the past 30 days, standardized for women of reproductive age; and

the Center for Epidemiology Studies Depression (CES-D) Scale,20 a 20-item screen for
depression assessing depressive symptoms over a range of ages and demographic groups.
The Ruta Menorrhagia, CES-D, and SF-36 were each measured once after completion of
two cycles on first study treatment and once after completion of two cycles on second study
treatment, totaling 36 observations for each treatment, one per treatment, per participant.

Safety was assessed by 1) HMB blood loss unresponsive to study drugs, defined as a fall

in hemoglobin >2 gm/dL from baseline, transfusion, or cardiopulmonary resuscitation, 2)
thrombosis, 3) other bleeding, and 4) allergic reactions. Adverse events were graded by
CTCAE Adverse Event Grading, v.4.21 VWF assays performed on baseline citrated samples
included as previously described,22-2% including VWF:RCo by platelet agglutination
(Chronolog Corp, Haverton PA) using a Chronolog aggregometer; VWF:Ag by “sandwich”
ELISA using anti-VWF antibodies (DakoA0082, Carpintera CA); FVIII:C by chromogenic
substrate assay (Coamatic, DiaPharma Group, Westchester OH); VWF:GPIbM by ELISA
(\Versiti, Milwaukee WI); and VWF multimer distribution visualized via hydrogel
electrophoresis using Hydrasys 2 (Sebia, France). Historic VWF:RCo < 50 IU/dL were
required before enrollment, while baseline VWF assays were obtained after enrollment
while on the trial, and subject to stress-associated increase,1® including VWF:RCo > 50
IU/dL.

A Satisfaction Survey was completed after 2 cycles of rVWF, in which participants rated
rVWEF treatment with their usual treatment for HMB, the difficulty of rVWF use, and

if 'VWF would be considered for use in future menstrual cycles. Healthcare utilization
measures included medication doses received, emergency department visits, hospitalizations,
iron infusions and/or transfusions received, and days lost from school/work. Per patient
direct and indirect costs were estimated using Federal Supply Schedule listings for
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medication costs, CMS data for emergency department visit costs, and Bureau of Labor
Statistics wage data for cost of missed school or work.

Next generation sequencing of VWF was performed on baseline sample genomic DNA,
enriched for the complete coding regions and splice sites (10 bp) using Sophia

Clinical Exome Solution, a custom oligonucleotide-based capture method followed by
next generation sequencing (NextSeq, Illumina) with 2x150 paired-end reads. Reads
were mapped to human genome reference GRCh37(hg19), and sequence variants and
copy number variants (CNVs) in VWF were detected using Sophia Genetics DDM
software. Classification of variants was performed using the LOVD VWF Database
https://databases.lovd.nl/shared/genes/\VVWF, Clinvar, and AMCG variant interpretation
guidelines,26 with coverage of >100x for all variants identified. All pathogenic and likely
pathogenic variants identified were previously identified and classified.

Statistical analysis

As rVWEF is an intravenous medication and more costly, we considered it would have to
demonstrate superiority to TA. We initially designed the trial to have sufficient statistical
power to test for superiority of rVWF over TA with a presumed clinically important
difference of 40 points in the PBAC score. A 40-point difference was determined to be

the minimal clinically important difference, based on 1) data from a trial of TA in women
with bleeding disorders which found that 40% had a 50-point reduction from baseline score
of 100 in PBAC after 2 cycles,?® and 2) the greater burden of rVWF (IV route, cost) than
TA, such that r'VWF should improve PBAC by 40 points more than TA to be adopted into
practice. The prespecified sample size was 60, adjusted to 66 for an estimated 10% dropout
rate.

The analysis was planned as an intent-to-treat analysis in which all participants with any
post-randomization data were included. We assumed a two-sided type 1 error rate of

0.05, a 4-period 2-group (AABB/BBAA) crossover design, an estimated between-subject
standard deviation (SD) of 63 points, and a within-subject SD of 100 points. Under these
assumptions, a sample size of 60 participants would have 84% power to detect a mean
PBAC reduction of 40 points between rVWF and TA. To allow for potential dropout,
recruitment of up to 66 participants was planned to allow for 10% dropout. There were no
planned interim analyses for efficacy, but the Data and Safety Monitoring Board (DSMB)
met every 6 months to review trial enrollment, participant completion, and safety data. The
trial enrolled its first participant on February 12, 2019. By the January 26, 2022 DSMB
meeting, 39 participants had been randomized, still short of the target of 60 participants,
and thus the DSMB requested the unblinded statistician (SDR) to perform a conditional
power calculation, in which data from the first 36 participants that had any outcome data
were combined with additional simulated participants under varying assumptions about the
within- and between-person variability while still assuming the original minimal important
difference on yet-to-be-recruited participants. The conditional power simulations suggested
a very low (<1%) probability that continuing to 60 participants would reach a conclusion of
efficacy for the experimental agent (r'VWF) versus the control agent (TA) (Appendix, page
75). Based on the slow enrollment and low conditional power, the DSMB recommended and
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NHLBI accepted that study enrollment cease, and this recommendation was communicated
to the study team on February 15, 2022. At this time 39 participants had been randomized:;
34 had completed the protocol, 2 were still active in the protocol, 2 had withdrawn from the
study without ever starting study treatment, and 1 had been randomized but not yet started
study drug. The latter two who withdrew were randomized to Study Group Il had enrolled
but had not started study drug at the time the NHLBI recommended study closure. The
NHBLI advised that the 2 participants who had already initiated study drug could complete
the protocol, but that the participant who had not yet started study drug be administratively
withdrawn to expedite study closeout.

Safety stopping events included 1) uncontrolled menstrual bleeding defined as >2

gm% fall in hemoglobin from baseline, and/or requirement for RBC transfusion and/or
cardiopulmonary resuscitation; 2) thrombosis, or 3) grade 2-5 allergic reactions (Appendix,
page 40). These events were counted once only for a given subject, assessed by severity,
frequency, and relationship of AEs to study intervention, start date, stop date, severity,
relationship, expectedness, outcome, and duration, and were analyzed using descriptive
statistics, by study subject and study arm, and evaluated for statistical significance using
McNemar’s test for paired proportions.

Outcomes were analyzed using a modified intention-to-treat principle. Specifically, all
subjects with at least one post-randomization data point were included in all endpoint

and safety analyses. Descriptive characteristics are reported as mean (SD) (or median
[interquartile range] as appropriate) for continuous variables and frequency (percentage)

for categorical variables. The primary endpoint, PBAC score, was compared between rVWF
and TA using a linear mixed-effects model fit via restricted maximum likelihood estimation.
Fixed effects included treatment and menstrual cycle (both categorical) as well as average
baseline PBAC score, with a random intercept for each participant (to account for the
inclusion of multiple cycles on each treatment for each participant). Average baseline PBAC
score was adjusted for, given that all participants had PBAC scores from two cycles pre-
randomization. Due to the skewed distribution of PBAC scores, the natural logarithm of
PBAC score was used as the outcome in the primary model with average baseline PBAC
score similarly transformed. Prior to fitting the main effects model, we fit a model that also
included a treatment-by-cycle interaction term; as the interaction was not significant, we
assumed no carryover effects and proceeded with the main effects model as described above.
In addition to the primary analysis on the transformed scale, we report results from a model
using the raw (untransformed) PBAC scores. Least-squares means for treatment effects,

and the difference between them, were estimated with 95% Cls to determine if significant
differences in outcomes exist between rVWF and TA.

Continuous secondary outcomes (e.g., CL and QoL measures) were analyzed with linear
mixed-effects models structured similarly to the primary outcome model (replacing the
baseline PBAC score with the corresponding baseline measure of each outcome as a
covariate in the model). Similar to the analysis of PBAC scores, two baseline values for
CL and CS were obtained prior to randomization and were averaged prior to adjustment

in statistical models. Categorical secondary outcomes are reported using generalized linear
mixed-effects models (GLMMs) with a logit link function and again the same fixed effects
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and random effects as the primary outcome model; CS rating (0,1,2,3) was treated ordinally
and analyzed using a GLMM with a cumulative logit link while adjusting for the average
of the two baseline CS values. Results are presented as odds ratio (95% CI), where OR>1
indicates higher odds of greater severity. Cycle length>5 days, any clots, and any flooding
(binary outcomes) were analyzed using a generalized linear mixed-effects model with a
logit link function including fixed effects for treatment, menstrual cycle, baseline score, and
random intercept for participant. Results are presented as odds ratio (95% CI), where OR>1
indicates higher odds of cycle length>5 days, any clots during cycles, and any flooding
during cycles. All statistical analyses were performed using R version 4.1.3. The primary
outcome (PBAC) was tested using a two-sided hypothesis test and alpha=0.05; secondary
outcomes are reported without formal testing or adjustment for multiple comparisons. The
trial was registered at was registered at www.clinicaltrials.gov (NCT 02606045).

For the prespecified, exploratory economic analysis, per subject medication costs for rwF
(excluding infusion costs) and TA were estimated using medication unit costs, per the
Federal Supply Schedule, multiplied by trial-based average per patient medication dosages.
Total medication costs were compared between medication strategies without and with the
addition of trial-based strategy-specific differences in per patient emergency visit and missed
work costs under assumptions of either no significant differences between strategies or
accounting for absolute observed differences between strategies respectively.

For the pre-specified, exploratory genetic analysis, genotype was compared with VWF:Ag to
determine if genotype predicts bleeding severity; and with PBAC, baseline and after rvVWF
or TA, to determine if genotype predicts response to treatment.

Of 39 enrolled, 36 subjects completed the trial, of whom 17 were randomized to Group

1 (rVWEF, then TA) and 19 to Group 2 (TA, then r'VWEF) (Figure 1), with comparable
differences between groups in baseline characteristics (Table 1). Median [IQR] follow-up
time for the analyses presented was 23.97 weeks [21.81, 28.14]. Overall, the mean (standard
deviation) age of subjects was 29.2 (8.9) years, race, 69.4% Caucasian; VWF:RCo, 0.39
(0.16) and GPIbM, 0.44 (0.20). Most had type 1 VWD (88.9%) and of 4 with type 2 VWD,
three had type 2A and one had type 2M, defined by RCo/Ag < 0.7.27 The three patients
with type 2A VWD had multimers confirming absence of HMW multimers and VWF:Ag
levels of 0.10, 0.10, and 0.24 1U/mL, while the one patient with type 2M VWD had normal
multimers and a VWF:Ag level of 0.10 IU/mL.

The PBAC was significantly lower during 2 cycles with TA than during 2 cycles with r'VWEF,
225 (207) vs. 273 (227), estimated mean treatment effect (95% CI), 46 (2, 90), p=0.039,
(Table 2, Figure 2), with less frequent flooding, 44.4% vs. 59.7%, estimated odds ratio
(95% ClI), 3.8 (1.3, 10.7), p=0.014, but no significant difference in cycle severity or cycle
length. While neither rVWF nor TA completely corrected PBAC, there was a reduction in
PBAC and in the frequency of flooding. There was no significant difference in treatment
response by VWF:RCo group (< 0.50 IU/mL vs. > 0.50 IU/mL), p=0.443. Specifically,
among those with VWF:RCo < 0.50 IU/mL, PBAC after TA was 221 (212) as compared
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with 274 (242) after r'VWEF, adjusted mean difference (95% ClI), 53 (-1, 107); and among
those with VWF:RCo = 0.50 1U/ml, PBAC after TA 241 (193) as compared with 266 (140)
after rVWEF, adjusted mean difference (95% CI), 11 (=59, 81). There was also no detectable
difference in 5-day PBAC trajectories between rVWF and TA, p=0.686, as determined by
fitting a linear mixed effects model with fixed effects for day, treatment, day-by-treatment
interaction, and random effects for patient and slope with an unstructured covariance matrix.

The PBAC in ten cycles in which a “rescue dose” of r'VWF was used, did not differ from
that during the 62 cycles without a “rescue dose,” 308 (150) vs. 267 (233), p=0.591. There
was also no significant difference between PBAC on Day 1 of cycles in which a “rescue
dose” was given, compared to PBAC on Day 1 of cycles when a “rescue dose” was not
given, 77 (74) vs. 56 (51), p=0.252. There were no significant differences in quality of life
(QoL) between treatment groups by Ruta, p=0.254, CES-D, p=0.055, HRQoL-14 physical,
p=0.098, or mental measures, p=0.557; or by any of eight SF-36 measures, including general
health, p=0.786 (Table 2).

The study drugs were well tolerated with no serious adverse events, specifically no excessive
HMB bleeding despite study drugs, no thrombosis, other bleeding or allergic reactions. and
only infrequent mucosal or traumatic bleeding unrelated to study drugs (Table 3). There
were no dose reductions, no drug-related toxicity, and no treatment-related deaths. Health
care utilization did not differ between TA and rVWF arms, in days lost from school/work,
22.2% vs 19.4%; iron infusion, 5.6% vs 8.3%; or emergency visits for HMB, 0% vs. 2.8%,
respectively. No subjects required RBC blood transfusion or hospitalization. Three subjects
received DDAVP for bleeding unrelated to menses and not during menstrual cycle bleeding.

Comparing r'VWF with past treatment for HMB, 72.2% were much more or somewhat more
satisfied; 86.1% rated rVWF treatment not difficult, somewhat more difficult, or no more
difficult than past treatment; and 79.4% were very, somewhat, or about as likely to use
rVWE in the future (Table 2). From an economic perspective, TA was associated with lower
costs than rVWF, even when non-significant differences in emergency department visits and
missed workdays between treatments were considered (Table 4, Appendix, page 78).

VIWF sequencing identified pathogenic/likely pathogenic (P/LP) variants in eight subjects,
variants of uncertain significance (VUS) in six subjects, and nonpathogenic variants/none
(NP/N) in 22 subjects (Table 5, Appendix, Page 79). Those with P/LP variants had
significantly lower VWF:Ag levels, 0.24 (0.14) 1U/ml, than those with VUS, 0.45 (0.14)
IU/ml, p=0.017, or than those with NP/N, 0.41 (0.14) IU/ml, p=0.007. VWF:Ag levels did
not differ significantly in the latter two groups, VUS vs. NP/N, p=0.531. Mean and 95%
Cl for baseline PBAC score, estimated using linear mixed effects models with a random
intercept (Table 5, Appendix, Page 79), did not differ between VWF variants, with 490 (249,
731) in those with P/LP variants, 570 (291, 848) in those with VUS, and 545 (399, 691)

in those with NP/N. Adjusted mean differences and 95% CI for treatment effect, estimated
using linear mixed-effects models, including fixed effects for treatment, cycle, baseline
score, and random intercept for participant revealed no differences between VWF variants,
respectively, 10 (-92, 112) in those with P/LP variants, 66 (=94, 226) in those with VUS,
and 51 (-4, 105) in those with NP/N.
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In nine subjects the p.Asp1472His variant was detected, including one with a P/LP variant,
in one with VUS, and seven with NP/N (data not shown). Among the p.Aspl1472His
positive, the mean VWF:Ag was 0.41 (0.16) 1U/ml (range: 0.10-0.60 1U/ml), the mean
VWF:RCo was 0.41 (0.16) IU/ml (range: 0.13-0.74 IU/ml), and the mean GPIbM was 0.48
(0.22) IU/ml (range: 0.04-0.86 1U/ml). The mean VWF:Ag did not differ by VWF variant
between those with and those without the p.Asp1472His variant, 0.10 1U/ml vs. 0.26 (0.14)
IU/ml in P/LP; 0.42 1U/ml vs. 0.46 (0.15) IU/ml in VUS; and 0.45 (0.12) IU/ml vs. 0.39
(0.14) IU/ml in NP/N, respectively.

Discussion

Among women with VWD, HMB is a major burden of disease associated with poor
quality of life, with iron deficiency, cognitive, physical, and psychological defects.
Current hormonal and nonhormonal therapies for HMB are limited by ineffectiveness and
intolerance, and few trials are available to guide treatment.” Although rVWF has not been
previously evaluated for HMB, its prolonged half-life, 19.3 hours,11:12 suggests a single
dose per menstrual cycle may reduce HMB. While only a few women in clinical trials of
VWEF bleed prophylaxis incidentally found VWF was effective and safe in reducing HMB,
it is generally used as a last line agent after hormonal agents, DDAVP, and TA fail, 10 and,
moreover, the dose and frequency for general bleeds do not apply to HMB.8:10

We believe this is the first study to assess the efficacy and safety of rVWF in women with
mild and moderate type 1 and 2 VWD and HMB. In this randomized crossover trial, in
which each subject served as her own control, r'VWEF resulted in lesser reduction in HMB
by absolute PBAC score than TA. While neither drug corrected PBAC score to the normal
range, each drug reduced PBAC and the frequency of flooding. There was no improvement
in PBAC after a “rescue” dose of rVWF. As quality of life and healthcare utilization did not
differ between treatment groups, and TA is less costly per Federal Supply Schedule pricing,
it appears to be a more effective approach to HMB.

It is noteworthy, however, that a significant improvement in PBAC scores and bleed control
did occur with r'VWEF, and, importantly, after only a single dose of rVWEF, although the
treatment PBAC scores still remained well within the HMB range. Treatment with a single
dose of factor for a bleeding event is rarely seen. As none of the subjects in this study had
type 3 and only a few had type 2 VWD, future studies will be needed to determine whether
rVWEF has a role in HMB in women with more severe disease. While the PBAC reduction
with TA is well-recognized in non-bleeding disorders, it is of interest that PBAC scores were
reduced in all subjects by r'VWF, with no difference by enroliment VWF:RCo =50 1U/mL
vs. <50 IU/mL. Whether the beneficial role of rVWF in HMB is attributable to a general
pro-hemostatic effect or to a more specific VWF-platelet interaction is unknown, or whether
TA and rVWF could provide complimentary effects will require further study.

Pathogenic VWF variants were associated with lower VWF:Ag levels than in subjects

with variants of unknown significance or nonpathogenic variants, consistent with previous
studies.28 However, pathogenic variants did not predict bleeding severity, either by baseline
PBAC scores or by reduction in PBAC scores after either intervention, r'VWF or TA. This
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finding is limited by the subjective nature of the PBAC score, the well-known lack of VWF
levels or biomarkers to predict bleeding severity,2° and the likelihood of modifier genes not
accounted for in these genetic data. Better predictors of bleeding severity are needed.

The frequency of iron deficiency,11%, in participants at screening was lower than reported
rates of 50% or higher,34 and are likely related to the requirement of iron replacement
pre-study. Thus, it is not possible to assess the effect of iron replacement on subjects’
quality of life or cognitive, physical, and psychological health.39 Whether lower rates of iron
deficiency in study subjects was responsible for the lack of change in the four quality of life
tools assessed, or whether two cycles is too short a time to see an improvement in quality of
life is not known.

So, how do these findings impact how we treat women with VWD and HMB? While
international guidelines suggest VWF for those with severe and frequent bleeding,” and
r'VWF does reduce other mucosal bleeding,® until this study, rVWF was not considered a
standard treatment modality for HMB. While rVWF was not superior to TA, it did reduce
PBAC blood loss and may provide another approach to HMB management in those for
whom TA, hormones, or DDAVP are ineffective or poorly tolerated, and, as such, adds
evidence to the ASH/ISTH/NHF/WFH international guidelines.” These findings support
the importance of discussing treatment options for HMB with patients based on their
preferences and lived experience.

Future non-factor VWD agents are in development including the bispecific monoclonal
FVIII mimic, emicizumab; the FVIII fusion variant independent of VWF, efanesoctocog alfa
(BIVV001); the siRNA silencing mutant but not wild-type VIWFexpression; the aptamer
blocking VWEF clearance, rondoraptivon pegol (BT 200); and the dual AAV-vector VWF
gene therapy under an endothelial cell promoter. Whether these agents will be safe and
effective in preventing bleeds, including HMB, remains unknown, but, at minimum, will
require careful monitoring of women for thrombosis and future offspring for teratogenic
effects.

There are several limitations of this study. Enrollment was slow in this randomized trial in

a rare disease, and further slowed by concomitant COVID restrictions, including study site
closures and hesitancy by patients to enroll for personal and family health concerns. As a
result, the study was stopped before the target number of participants was reached, which
may limit the validity of the results of the trial. Yet, the cross-over design provided sufficient
data and power to analyze the primary endpoint. A second limitation was assessment of

the primary efficacy endpoint by PBAC score, which, although widely used in clinical
practice as well as in clinical trials, is a subjective tool with high variability, also potentially
limiting its validity. A third limitation was the inclusion of only patients with type 1 and

2 VWD, thus limiting generalizability of the findings. A fourth limitation was the use

of pre-study VWF levels to establish a VWD diagnosis in study subjects; however, when
VWEF levels performed at enrollment of studies may be erroneous due study-related stress.1®
Further, neither the p.Asp1472His polymorphism nor the GPIbM assay was available at
trial initiation to confirm VWD diagnosis.2’ Study strengths include the completeness and
quality of data collected, gene variant analysis, and the quality-of-life assessments.
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Panel: Research in Context
Evidence before this study

Among women with von Willebrand disease (VWD), up to 80% have heavy menstrual
bleeding (HMB). Current treatment of HMB is limited by ineffectiveness and intolerance
in up to 30% of patients. Few randomized trials are available to guide treatment, and

the ASH/ISTH/NHF/WFH international guidelines indicate low certainty regarding the
effectiveness of hormonal and nonhormonal therapy in HMB. The lack of effective
HMB treatment remains a major unmet healthcare need for women with HMB. We
determined this by conducting a literature review using medical subject heading (MeSH)
search terms ‘von Willebrand factor’, menorrhagia, and von Willebrand disease to assess
the use of VWF in menorrhagia.19 Further, In a survey of 16 hemophilia treatment
centers, VWF concentrate was used as a third-line treatment for menorrhagia, only

after first- and second-line treatment failed: in all 13 subjects receiving VWF there was
reduction in heavy menstrual bleeding.10 In a summary of published studies to date,10
including two prospective trials, two retrospective trials, and two observational network
studies, a total of 455 VWD subjects were treated with plasma-derived (pd) VWF or
rVWEF concentrate. Of these, one-third or 88 (19.2%) were women with type 1, 2,

or 3 VWD and menorrhagia treated with pdVVWEF at a dose of 36-50 1U/kg for 1-6

days of menstrual cycle bleeding.1 In these studies, 95-100% of these women reported
reduction in menorrhagia, with no reported adverse effects. While VWF is approved to
treat and prevent bleeds, few data and no prospective trials guide its use in HMB. We,
therefore, conducted a randomized crossover trial comparing recombinant VWF with the
nonhormonal standard, tranexamic acid, 1:1 in women with VWD and HMB.

Added value of this study

We believe this is the first study to assess the efficacy and safety of recombinant VWF
(rVWEF) in women with VWD and HMB. In this crossover trial in which each subject
served as her own control, TA was superior and less costly than rVWF in reducing HMB
by absolute PBAC score, and in reducing frequency of flooding.

Implications of all the available evidence

How do these findings impact how we treat women with VWD and HMB? While
international guidelines suggest VWF for those with severe and frequent bleeding,

until this study, rVWF was not considered a standard treatment modality for HMB.
While rVWF was not superior to TA, it did reduce PBAC blood loss and may provide
another approach to HMB management in those for whom TA, hormones, or DDAVP are
ineffective or poorly tolerated, and as such, adds evidence to the ASH/ISTH/NHF/WFH
international guidelines. These findings support the importance of discussing treatment
options for HMB with patients based on their preferences and lived experience.

Lancet Haematol. Author manuscript; available in PMC 2024 August 01.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Ragni et al.

Page 17

KEY POINTS:

1. rVWEF was inferior to TA in reducing HMB in VWD by absolute PBAC score,
with more flooding but no differences in cycle severity or length.

2. Quality-of-life measures by Ruta, CES-D, SF-36, CDC HRQoL-14, and
healthcare utilization showed no differences between treatments.
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Figure 1. VWDMIin Trial CONSORT Diagram.
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The number of subjects screened, excluded, withdrawn, enrolled, randomized, with study

arm allocation, and completing the trial are included.
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Figure 2. PBAC Blood Loss by Treatment.
Cumulative distribution function (CDF), comparing PBAC score after tranexamic acid,

TA, I, vs. recombinant VWEF, rVWF, IS, p=0.039. The cumulative
distribution function is on the y axis (scaled from 0 to 100%), and the pictorial blood
assessment chart (PBAC) score is on the x axis. PBAC scores after cycles on TA are
considerably lower than PBAC scores after cycles on rVWEF. For example, the median PBAC
score on TA (i.e. where the curve for TA crosses the horizontal 50% reference line) is 146,
while the median PBAC score on rVWF (where the curve for rVWEF crosses the horizontal
50% reference line) is 213.
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Table 1.
Baseline Characteristics of Trial Population
Group 1 Group 2 Total
(r'VWF 1,2: TA3,4) | (TA1,2; r'VWF 3,4)
No. of Participants 17 19 36
Age (years) 31.9(6.3) 26.7 (10.3) 29.2 (8.9)
Age < 18 0 (0%) 4 (21.1%) 4 (11.1%)
Age >=18 17 (100%) 15 (78.9%) 32 (88.9%)
Race
White or Caucasian 12 (70.6%) 13 (68.4%) 25 (69.4%)
Black or African American 1(5.9%) 2 (10.5%) 3(8.3%)
Asian 2 (11.8%) 0 (0%) 2 (5.6%)
Other/Unknown 2 (11.8%) 4 (21.1%) 6 (16.7%)
Ethnicity
Hispanic or Latino 2 (11.8%) 5 (26.3%) 7 (19.4%)
Not Hispanic or Latino 15 (88.2%) 13 (68.4%) 28 (77.8%)
Unknown 0 (0%) 1(5.3%) 1(2.8%)
Height (cm) 165.0 (6.8) 164.6 (7.4) 164.8 (7.0)
Weight (kg) 72.4[63.2,94.3] 67.2 [62.1, 82.8] 70.9 [62.3, 90.6]
BMI (kg/m?) 28.7[22.8, 33.2] 25.0 [21.7, 31.4] 26.8[22.1, 32.1]
BMI >30 7 (41.2%) 6 (31.6%) 13 (36.1%)
BMI <=30 9 (52.9%) 13 (68.4%) 22 (61.1%)
Type VWD
Type 1 15 17 32
Type 2 2 2 4
Type 2A 1 2 3
Type 2M 1 0 1
VWF:RCo (1U/mL) 0.37 (0.17) 0.40 (0.15) 0.39 (0.16)
VWEF:RCo <0.30 IU/mL 5 (29.4%) 5 (26.3%) 10 (27.8%)
VWF:RCo 0.30-0.50 1U/mL 9 (52.9%) 9 (47.4%) 18 (50.0%)
VWF:RCo >0.50 IU/mL 3 (17.6%) 5 (26.3%) 8 (22.2%)
VWF:GPIbM (1U/mL) ™ 0.44 (0.23) 0.45 (0.18) 0.44 (0.20)
VWF:Ag (IU/mL) 0.35 (0.14) 0.40 (0.16) 0.38 (0.15)
FVIII Activity (1U/mL) ™ 0.86 (0.36) 0.80 (0.27) 0.83(0.32)
PBAC Baseline (past 2 cycles) 597 (389) 483 (270) 537 (331)
PBAC >100 in 1 cycle 0 (0%) 0 (0%) 0 (0%)
PBAC >100 in 2 cycles 17 (100%) 19 (100%) 36 (100%)
Average baseline clots 18 [5, 29] 11[5.5,17.8] 11[4.9, 25.9]
No. baseline clots 17 (100%) 17 (89.5%) 34 (94.4%)
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Group 1 Group 2 Total
(r'VWF 1,2; TA3,4) | (TA1,2; rVWF 3,4)
Average baseline flooding 3[0.5, 5] 1[0,3.5] 1.8[0, 4.6]
No. baseline flooding 14 (82.4%) 11 (57.9%) 25 (69.4%)
Cycle severity score 1.8 (0.6) 2.1(0.5) 1.9 (0.6)
Cycle length (days) 74(21) 7.8(4.1) 7.6 (3.3)
No. cycle length > 5 days 15 (88.2%) 13 (68.4%) 28 (77.8%)
Hemoglobin (g/dL) 135 (1.7) 13.4(1.1) 13.4(1.4)
No. anemia * (Hb<11.7 g/dL) 2 (11.8%) 1 (5.3%) 3(8.3%)
No. abnormally low ferritin * 3 (17.6%) 1(5.3%) 4 (11.1%)
No. abnormally low iron * 2 (11.8%) 2 (10.5%) 4 (11.1%)
No. Hypothyroid * (TSH>4.5 mIU/L) 0 (0%) 0 (0%) 0 (0%)
Quality-of-Life Measure
Ruta Menorrhagia Score 43.2 (12.4) 45.0 (14.0) 44.2 (13.1)
CES-D Score 8.5 (7.5) 14.7 (12.7) 11.8 (10.9)
SF-36 Score
Physical functioning 87.1(21.5) 84.2 (22.4) 85.6 (21.7)
Role limitations due to physical health 66.2 (41.4) 60.5 (41.1) 63.2 (40.8)
Role limitations due to emotional problems 76.5 (36.8) 57.9 (41.3) 66.7 (39.8)
Energy/fatigue 57.7 (19.8) 36.6 (24.2) 46.5 (24.4)
Emotional well-being 76.2 (16.8) 65.5 (22.3) 70.6 (20.4)
Social functioning 77.2 (17.8) 70.4 (25.8) 73.6 (22.3)
Pain 72.1(22.8) 65.1 (27.5) 68.4 (25.3)
General health 67.1(18.1) 57.1(22.1) 61.8 (20.7)
CDC HRQoL
Physically unhealthy days 2.4 (3.9) 2.7(6.2) 25(5.1)
Mentally unhealthy days 3.8(5.0) 6.9 (6.4) 5.3(5.9)

Page 21

*
Variables are reported as mean (standard deviation), or number (percentage). Median [interquartile range] are reported for Weight, BMI, Baseline
Clots, and Baseline Flooding given skewed distributions.

*
VWEF:RCo, VWF:Ag, VWF:GPIbM, VIII activity are baseline (not historic) values, subject to stress-induced increase.

*
Anemia is defined as Hgb < 11.7 g/dL

*
Abnormally low ferritin is defined as <6 mcg/L for ages 16-19, <10 mcg/L for ages 20 and up.

*
Abnormally low iron is defined as <27 micromol/L for ages 16-19, <40 micromol/L for ages 20-29, <45 micromol/L for ages 30 and above.
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Table 2.
Primary and Secondary Outcomes
Outcome TA rVWF Adjusgggo/l\‘:léalr; Diff P'VaDI?f?)(Trt
Primary Outcome
E’Si%t;)rial Blood Assessment Chart (PBAC) across 2 cycles, mean 225 (207) 272 (223) 46 (2, 90) 0.039
Cyclel | 217 (207) | 311(263)
Cycle2 | 233(209) | 234 (168)
In(PBAC), mean (SD) 5.1 (0.9) 5.3 (0.8) 0.3 (0.1, 0.4) 0.004
Secondary Outcomes & Quality of Life
Continuous, mean (SD)
Cycle Length 7.1(45) 7.0 (3.9) 0.0 (-0.7,0.7) 0.998
Ruta Menorrhagia 32.4 (13.5) | 34.8(13.0) 2.4 (-1.0,5.8) 0.168
CES-D 13.5(10.6) | 11.0 (10.2) 2.5 (-4.9, 0.1) 0.055
SF-36
Physical functioning 84.4 (19.6) | 83.6 (20.0) -0.8 (-4.8,3.2) 0.681
Role limitations of physical health 70.1(39.1) | 67.4(37.7) -2.4 (-12.4,7.6) 0.633
Role limitations of emotional health 63.9 (41.7) | 68.5(39.0) 4.8 (-5.7,15.3) 0.362
Energy/fatigue 50.3 (20.6) | 47.9 (22.8) 2.3(-7.4,2.8) 0.375
Emotional well-being 69.2 (17.7) | 72.9 (20.0) 3.6(-0.3,7.4) 0.068
Social functioning 76.4 (21.9) | 80.9(20.2) 45(-2.3,11.3) 0.189
Pain 71.2 (235) | 68.8(24.2) -2.4(-9.2,45) 0.489
General health 58.8 (19.9) | 59.3 (21.2) 0.5(-3.2,4.3) 0.786
CDC HRQoL
Physically Unhealthy Days 3.1(4.0) 19@3.2) -1.0(-2.3,0.2) 0.098
Mentally Unhealthy Days 4.7 (5.1) 5.7 (7.0) 0.7 (-1.6, 3.0) 0.557
Categorical, frequency (%)
Cycle Severity Rating 1.4(0.8, 2.7)* 0.266
0: Mild bleeding, much less than usually experienced 25 (34.7%) | 17 (23.6%)
1: Moderate bleeding, less than usually experienced 29 (40.3%) | 33 (45.8%)
i oderaelsors s, bt ot es bd s e vt 1414 | 22 o
evgr: eS;';/:rrieer?(I:(ézding, as bad as the worst menstrual bleeding 4 (5.6%) 0 (0%)
No. with Clots 69 (95.8%) | 67 (93.1%) 0.2 (0,1174) * 0.724
No. with Flooding 32 (44.4%) | 43 (59.7%) 3.8 (1.3, 10.7)* 0.014
No. Cycle Length > 5 days 34 (47.2%) | 39 (54.2%) 1.8(0.7, 5.0)* 0.221
Healthcare Utilization
Days lost from school/work in last 2 cycles NA NA
0 28 (77.8%) | 29 (80.6%)
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Outcome TA rVWF Adjusggg%ga}r; Diff* P'VaDl?é)(Trt
1 3(8.3%) 3(8.3%)
2 3(8.3%) 2 (5.6%)
3 2 (5.6%) 0 (0.0%)
4 or more 0 (0.0%) 2 (5.6%)
Received iron infusion(s) in last 2 cycles NA NA
0 34 (94.4%) | 33 (91.7%)
1 1(2.8%) 3(8.3%)
2 1 (2.8%) 0 (0.0%)
Received RBC transfusion(s) in last 2 cycles
0 36 (100%) | 36 (100%)
ER visits for heavy periods in last 2 cycles NA NA
0 34 (94.4%) | 36 (100%)
1 1(2.8%) 0 (0.0%)
2 1 (2.8%) 0 (0.0%)
Hospitalizations in last 2 cycles
0 36 (100%) | 36 (100%)
Satisfaction Survey
Rating r'VWF vs past treatment
Much more satisfied NA 18 (50.0%) NA NA
Somewhat more satisfied NA 8 (22.2%) NA NA
About as satisfied NA 5 (13.9%) NA NA
Somewhat less satisfied NA 4 (11.1%) NA NA
Much less satisfied NA 1(2.8%) NA NA
Difficulty of rVWF administration
Not difficult at all NA 13 (36.1%) NA NA
Somewhat difficult NA 14 (38.9%) NA NA
No more difficult than past treatment NA 4 (11.1%) NA NA
Somewhat more difficult than past treatment NA 3(8.3%) NA NA
Much more difficult than past treatment NA 2 (5.6%) NA NA
Likelihood to use rVWF in the future
Very likely NA 14 (38.9%) NA NA
Somewhat likely NA 8 (22.2%) NA NA
About as likely NA 3(8.3%) NA NA
Somewhat unlikely NA 6 (16.7%) NA NA
Very unlikely NA 5 (13.9%) NA NA
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Adverse Events During Trial

Table 3.

Page 24

Adverse Event Grades 1 or 2 Grades 3,4, 0or 5
Cycles Ouri During 2 Cycles of ) During 2 Cycles of
uring 2 Cycles of TA rVWF During 2 Cycles of TA rVWF
mcgrgg: ¥£responsi"e to 0/72 (0%) 0/72 (0%) 0172 (0%) 0/72 (0%)
Thrombosis 0/72 (0%) 0/72 (0%) 0/72 (0%) 0/72 (0%)
Other Bleeding 6/72 (8.3%) 3/72 (4.2%) 0/72 (0%) 0/72 (0%)
Mucosal Bleeding 4172 (5.6%) 0/72 (0%) 0/72 (0%) 0/72 (0%)
Injury/Trauma 0/72 (0%) 1/72 (1.4%) 0/72 (0%) 0/72 (0%)
Other 4172 (5.6%) 272 (2.8%) 0/72 (0%) 0/72 (0%)
Hematoma 0/72 (0%) 1/72 (1.4%) 0/72 (0%) 0/72 (0%)
Allergic Reaction 0/72 (0%) 0/72 (0%) 0/72 (0%) 0/72 (0%)

Adverse events are reported as the number of cycles in which an event occurred (two cycles per treatment per participant, totaling 72 cycles on each

treatment.) There were no serious adverse events observed.

*
Defined as >2 gm% fall in hemoglobin from baseline, requiring red cell transfusion or cardiopulmonary resuscitation.
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