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Results: Seventy-five studies were included in the final review, for a total of 137 pa-
tients. Most patients had von Willebrand factor ristocetin cofactor activity <30 U/
dL (86.6%) and factor VIII levels <50 IU/dL (91.8%). Bleeding severity ranged from
no bleeding (16.1%) to minor bleeding (46.4%) and major bleeding (37.5%). The over-
all clinical success rates for 1-deamino-8-D-arginine vasopressin (DDAVP), factor re-
placement therapy, and intravenous immunoglobulin (IVIG) were 43.8%, 33.3%, and
85.4%, respectively. The laboratory response rates for DDAVP, factor replacement
therapy, and IVIG were 39.0%, 62.9%, and 88.6%, respectively. Several other treat-
ments were also reported in small numbers, out of which myeloma-directed therapies,
plasma exchange, recombinant factor Vlla, and antifibrinolytics appeared most suc-
cessful, while immunosuppressive agents were largely ineffective.

Conclusion: IVIG appears to be an effective treatment for AVWS-MGUS bleeding,
conferring a high clinical success rate with measurable laboratory outcomes; albeit
temporary. DDAVP and factor replacement therapy may be partially successful in
controlling minor bleeds, but not major bleeds. Other less commonly used agents may

be effective in certain cases, although data are limited.
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e Acquired von Willebrand syndrome is a rare complication of monoclonal gammopathy of undetermined significance with limited data on

management.

e |t can present with spontaneous bleeding, with severity ranging from mild to life-threatening.

e A scoping review of the literature suggests that intravenous immunoglobulin may be the most effective hemostatic treatment.

e 1-Deamino-8-D-arginine vasopressin (DDAVP) may be successful in controlling minor bleeds but not major bleeds.

1 | INTRODUCTION

Acquired von Willebrand syndrome (AVWS) is a rare bleeding disor-
der that presents with laboratory findings and clinical features simi-
lar to that of congenital von Willebrand disease (VWD). However,
unlike congenital VWD, AVWS arises in individuals with no prior or
family history of bleeding. AVWS has been reported to occur in as-
sociation with various underlying disorders, most frequently with
lymphoproliferative disorders, myeloproliferative neoplasms, and
cardiovascular diseases.! Among the lymphoproliferative disorders,
monoclonal gammopathy of undetermined significance (MGUS) is
the most frequent association? and is considered as one of the main
disorders related to the evolving concept of “monoclonal gammopa-
thy of clinical significance.”®

MGUS, in itself, does not require treatment. However, AVWS
associated with MGUS (AVWS-MGUS) can present with severe
spontaneous bleeding, with a severity that ranges from mild to
life-threatening. Diagnosing this disorder requires a high index
of suspicion and a thorough clinical and laboratory evaluation
before treatment. Similar to congenital VWD, treatment with
1-deamino-8-D-arginine vasopressin (DDAVP) and von Willebrand
factor (VWF)-containing concentrate has been used. However, un-
like the response in congenital VWD, the response to treatment
for AVWS-MGUS can be highly variable and is often limited in du-
ration. As such, adjunct therapies have been used, which include
intravenous immunoglobulin (IVIG), plasmapheresis, and immuno-
modulatory agents such as lenalidomide, with the goal to induce the
bleeding symptoms of AVWS into remission. The rationale behind
the use of these treatment modalities is based on the current under-
standing of the pathophysiology of this disease.

The pathophysiology of AVWS-MGUS likely involves an acceler-
ated immunologic clearance of circulating VWF as a result of direct
binding to the monoclonal antibody.*® Evidence from a few stud-
ies suggests that monoclonal IgG in patients with IgG MGUS binds
to VWF/factor VIII (FVIII) complexes in vivo, through a binding site
located on the VWF molecule.” The complexes are subsequently
rapidly removed by the reticuloendothelial system through an Fc-
receptor-dependent mechanism.*® Studies by Gan et al® and van

Genderen et al*°

demonstrated a preferential binding of the mono-
clonal antibody to high- and intermediate-molecular-weight VWF
multimers, leading to the preferential clearance of large VWF multi-
mers, a pattern similar to type 2A VWD.

While several reviews in the literature highlight AVWS as a
general overview, comprehensive reviews in the literature sum-

marizing the evidence for the management of AVWS-MGUS are

Iacking‘l'“’12 This presents a real challenge in the field, since
currently available data do not provide sufficient information to
guide evidence-based management of this challenging disorder.
Currently, relevant data are limited to case reports and small
case series—literature that is highly subjected to publication bias.
Furthermore, these cases have additional significant limitations,
including inconsistent reporting of key information related to di-
agnosis and a lack of standardized reporting of laboratory findings
and outcomes. In addition, the treatment approaches reported
are highly variable, highlighting the lack of a standard of care ap-
proach in management.

Given the significant limitations of current data, as well as
the variable treatment approaches used, we conducted a scoping
review of the medical literature using the framework as recom-
mended by Arksey and O’'Malley.’® This method has become in-
creasingly common in recent years, since scoping reviews allow for
inclusion of a greater, more flexible range of study designs and stan-
dards in comparison to systematic reviews. ' Systematic reviews,
on the other hand, require specific study types, such as randomized
control trials, that must meet certain quality standards in order to
be included.*® Scoping reviews have been useful in providing clin-
ical guidance in the management of disorders on which individual
studies may be insufficient to suggest therapeutic approaches,
while a summation of available data may be used to provide useful
recommendations.”>” For a rare disorder such as AVWS-MGUS
where there is a paucity of large studies, and data are limited to
case reports or small series of different designs, a scoping review
was the more appropriate approach for our study. This allowed us
to provide an overview of the existing evidence regardless of meth-
odological quality or risk of bias.

The purpose of this study was to describe the clinical presenta-
tion, laboratory assessments of MGUS and AVWS, and outcomes of
therapeutic approaches for AVWS-MGUS, from a clinical and labo-
ratory perspective.

2 | METHODS

2.1 | Protocol and registration

The review was conducted and reported in line with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses exten-
sion for Scoping Reviews guidelines scoping reviews.’® The protocol
for this scoping review was submitted to an internal registry hosted
at the University of Utah Eccles Health Sciences Library.
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2.2 | Eligibility criteria

To determine study eligibility, the following criteria were applied to
the studies identified in the initial search: Patients had a diagnosis of
MGUS with no other concomitant lymphoproliferative disorder that
would have warranted treatment; patients had a diagnosis of AVWS
based on clinical presentation and laboratory parameters; and the
study reported on therapeutic agents used in the management of
AVWS and its outcomes. All studies, including conference abstracts,
case reports, case series, and retrospective studies, containing a pa-
tient population of n > 1 were included. Only studies published in
English were considered. Review papers, editorials, and commentar-

ies were excluded from this scoping review.

2.3 | Search strategy

We conducted a comprehensive search in Medline (Ovid), Embase
(embase.com) and Scopus (scopus.org) from 1946 to September 11,
2019. The search strategies used for each database are detailed in
Supporting Information S1. The results of all searches were entered
into Covidence software (Covidence, Melbourne, Australia) for
analyses.

2.4 | Study selection

After duplicates were removed, all titles and abstracts of the litera-
ture search results were screened by two authors (YAl and MYL) to
the eligibility criteria to determine whether the study should receive
a more in-depth review. All potentially eligible studies were then
independently reviewed by both authors. Disagreements about the
inclusion of studies were resolved, where necessary, by consultation

with a third author (GR). There were no conflicts.

2.5 | Data collection and outcomes

Data extraction was undertaken independently by two authors (YAI
and MYL) using a standardized data extraction form, which was de-
signed beforehand. Any discrepancies in interpretation between the
two reviewers were resolved through a discussion of the text of the
original articles. The following data were extracted from all included
studies: author; year of publication; patient demographics, type of
monoclonal gammopathy (IgG, IgA, or IgM), monoclonal spike (in
grams per deciliter), type of bleeding presentation, partial thrombo-
plastin time (PTT), baseline factor FVIII/VWF parameters, including
FVIII coagulant activity (FVIII:C), VWF antigen (VWF:Ag) level, VWF
ristocetin cofactor activity (VWF:RCo), VWF propeptide (VWFpp),
VWF multimers; and type and outcome of therapeutic interventions
used, including FVIII/VWF parameters in response to the interven-
tion (if reported). The baseline FVIII/VWF parameters were not
reported in every study; if not reported, this was documented as

“not documented.” For VWF activity, we opted to document only
VWF:RCo, as this was the most commonly used laboratory assay
used in the studies. The bleeding presentation was categorized
on the basis of location and severity. For severity of bleeding, the
International Society on Thrombosis and Haemostasis definition
for major and minor bleeding were used.}”?® We did not use the
definition of clinically relevant nonmajor bleeding, as this definition
requires that either a medical intervention or a hospitalization oc-
curred, which was not helpful for classification given that this study
was looking at outcomes of therapeutic interventions.?! As almost
all patients presented with multiple types of bleed, we reported the
highest severity of bleed for each patient.

2.6 | Synthesis of results

Due to the heterogeneity of outcomes of therapeutic agents re-
ported in the studies, findings were aggregated to report a clinically
meaningful account of the included literature.

Outcomes for the three most common therapeutic agents—
DDAVP, factor replacement therapy, and IVIG—were reported via
two methods: clinical outcomes and laboratory outcomes.

For other therapeutic agents, when used either on its own or
in combination with factor replacement therapy and/or IVIG, out-

comes were reported on the basis of clinical outcomes only.

2.6.1 | Clinical outcomes

Clinical outcomes were defined as a clinical success if there was ces-
sation of bleeding symptoms or prevention of bleeding complica-
tions for surgical procedures, regardless of laboratory parameters.
If the therapeutic intervention resulted in no cessation of bleeding,
or did not prevent bleeding complications after a surgical procedure,
this was defined as a clinical failure.

2.6.2 | Laboratory outcomes

FVIII/VWEF parameters and timing of the parameters after therapeu-
tic interventions were used to determine the laboratory outcomes.
The type of FVIII/VWF parameters performed after therapeutic in-
terventions were not reported consistently in all studies. In addition,
the format through which the results were reported differed between
studies and used either numerical values, graphical representations,
or verbal descriptions (ie, showed good response, observed a minimal
rise, had no response, reached normal level, total correction). Only
studies that included numerical values or interpretable graphical rep-
resentations for FVIII/VWF parameters were used to determine lab-
oratory outcomes. Responders to a therapeutic agent were defined
as those in whom (i) VWF:RCo increased to =50 IU/dL and (ii) >2-
fold increase above their baseline levels at any time points after the
therapeutic intervention (whichever is highest, if multiple time points
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available). We used VWF:RCo, as this was the most commonly re-
ported assay used in laboratory measures. In selected studies where
VWF:RCo was not used, we then used other VWF/FVIII parameters
to determine laboratory outcomes and are reported separately. We
excluded studies that used verbal descriptions to document response
to the intervention due to the variability in interpretation among
studies on what constitutes a response or normal levels. If a response
was achieved for either DDAVP or factor replacement therapy, we
then determined duration of response, which was categorized into <6
or 26 hours. We selected 6 hours as the cutoff as most studies col-
lected serial VWF/FVIII parameters at either 4 or 6 hours. In selected
studies, duration of response was not given; instead, the half-life of
the response was given, which we reported separately. If a response
was achieved for IVIG or in combination with factor replacement

therapy, we report the duration of the response in days (if available).

3 | RESULTS

3.1 | Study characteristics

A total of 1164 citations were identified (Figure 1). After duplicate
removal, 1157 references were screened by title and abstract re-
view. All studies that did not meet the inclusion criteria based on the
study title or abstract were excluded first. Subsequently, there were
324 full-text articles and conference abstracts, which were then re-
viewed in-depth for eligibility, out of which 75 were identified as
meeting the inclusion criteria. This included 10 conference abstracts
that were not published as full-text articles elsewhere. A list of all
included studies is available in Supporting Information S2. The flow-
chart for the studies included in the scoping review and the primary

reasons for study exclusion are described in Figure 1.

3.2 | Patient and disease characteristics

Seventy-five case reports and case series, consisting of 65 full-

text articles and 10 conference abstracts, which included 137
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patients, reported the outcomes of therapeutic approaches
for AVWS-MGUS, from either a clinical and/or laboratory
perspective.

Of the total cohort of 137 patients, 112 had data linked to indi-
vidual patients, which were used for the baseline patient characteris-
tics analysis (Table 1). The median age of onset of AVWS-MGUS was
61.5 years (interquartile range, 52-72), and the mean age of onset
was 60.6 years (standard deviation,14.5). Almost two-thirds of pa-
tients were men (n = 73; 65.2%). The most common MGUS subtype
was 1gG (n = 90; 87%), followed by IgM (n = 10; 10%). There were
three patients presenting with both IgG and IgM subtype, one with
IgA, and eight were not documented. Forty patients had a quanti-
tative monoclonal band (M-spike) reported; of which 95% (n = 38)
had an M-spike < 1 g/dL. The lower limit of detectable VWF:Ag and
VWEF:RCo varied notably in the studies in which they were reported.
The majority of patients presented with VWF:Ag <30 1U/dL (86.6%)
and VWF:RCo < 30 IU/dL (94.4%). One hundred patients (91.8%)
presented with FVIII:C levels <50 IU/dL. Fifty-eight patients had a
multimeric pattern of VWF reported—absent or relative decrease
of the high-molecular-weight and/or intermediate-molecular-weight
multimers (n = 32; 56.1%), normal multimers (n = 16; 28.1%), de-
crease of all multimers (n = 4; 7.0%), absence of all multimers (n = 2,
3.5%), and abnormal multimeric pattern (n = 3; 5.3%). We were not
able to clinically aggregate data on PTT and VWFpp across studies
due to data heterogeneity.

The most common bleeding type reported was epistaxis/gum
bleeding (n = 36; 32.1%), followed by gastrointestinal bleed/an-
giodysplasia (n = 34; 30.4%) (Table 2). In terms of severity, 37.5%
(n = 42) of patients had major bleeding, 46.4% (n = 52) had minor
bleeding, and 16.1% (n = 18) reported no bleeding. For the “no
bleeding” group, the diagnosis of AVWS was discovered for-
tuitously as a result of routine coagulation screening or during
preoperative coagulation testing. The confirmation of an AVWS
diagnosis, as opposed to a laboratory artefactual error, was based
on the authors’ interpretation of these assays. The “no bleeding”
group of patients received therapeutic interventions to determine
their laboratory outcome or for hemostatic support peri- and

postoperatively.

[ 1164 citations identified through MEDLINE, EMBASE and Scopus ]

y

[ 1157 citations screened by abstract after duplicates removed ]

’[ 833 citations excluded ]

Y

[ 324 full-text and conference abstracts reviewed for eligibility ]

249 studies excluded:

e 76 wrong patient
population

74 ineligible study design
40 non-English articles
22 wrong intervention

19 duplicate study

FIGURE 1 Flowchart for the studies
included in the scoping review

[ 75 studies included (65 full-text articles, 10 conference abstracts) ]

18 insufficient details
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TABLE 1 Baseline characteristics of 112 patients with AVWS-MGUS

Characteristics n %

Age at onset, y

Mean 60.6
Median 61.5 (IQR, 52-72)

Sex
Men 73 65.2
Women 39 34.8

MGUS subtype
1gG 90 86.5
IgM 10 9.6
IgA 1 1.0
1gG and IgM 3 29
Not documented

M-spike
<1 g/dL 38 95.0
21 g/dL 2 5.0
Not documented 72

VWF:Ag
<15 1U/dL 57 64.1
15-29 1U/dL 20° 22.5
30-50 1U/dL 5 5.6
>50 1U/dL 4 4.5
Decrease 1 1.1
Absent/undetectable 2 2.2
Not documented 23

VWEF activity
<15 1U/dL 81 76.4
15-29 |U/dL 19° 18.0
30-50 IU/dL 3 2.8
Decrease 1 0.9
Absent/undetectable 2 1.9
Not documented 6

FVIl
<50 1U/dL 100 91.8
250 1U/dL 8 7.3
Decrease 1 0.9
Not documented 3

Multimeric pattern
Absent or relative decrease of the 32 56.1

HMW and/or IMW

Normal 16 28.1
Decrease of all multimers 4 7.0
Absent of all multimers 2 3.5
Abnormal multimeric patterns 3 5.3
Not documented 55

Abbreviations: AVWS, acquired von Willebrand syndrome; FVIII,
factor VIII; HMW, high molecular weight; IMW, intermediate molecular
weight; MGUS, monoclonal gammopathy of undetermined significance;
VWEF, von Willebrand factor; VWF:Ag, von Willebrand factor antigen;
VWF:RCo, von Willebrand factor ristocetin cofactor.

*This includes two patients with VWF:Ag levels documented as 26-37 1U/
dL and three patients with VWF:Ag levels documented as 9-23 [U/dL.
®This includes four patients with VWF:RCo documented as < 20 1U/dL
and three patients with vWF:RCo documented as < 10-20 1U/dL.

TABLE 2 Location and types of bleeding events

Location/type of bleed n® %

Epistaxis/gum bleeding 36 321
Gastrointestinal bleed/angiodysplasia 34 30.4
None/not documented 19 17.0
Ecchymoses/bruising 17 15.2
Postsurgery complications 17 15.2
Hematoma 16 14.3
Menorrhagia 9 8.0
Post-dental complications 7 6.3
Hematuria/genitourinary bleed 3 2.7
Prolonged bleeding after minor cuts 3 2.7
Intracerebral hemorrhage 2 1.8

N = 112. Majority of patients presented with > 1 type of bleed.

3.3 | Treatment-related outcomes
We summarize the clinical and laboratory outcomes for the
three most common therapeutic interventions in Tables 3 and 4,

respectively.

3.3.1 | DDAVP
Thirty-three studies, which included 59 patients, reported the use of
DDAVP in AVWS-MGUS.

3.1.1 | Clinical outcome

Sixteen patients received DDAVP only for clinical management
of bleeding symptoms (major, n = 5; minor, n = 6), for periopera-
tive hemostatic support (n = 4) and for unclear indications (n = 1).
DDAVP was clinically effective as a hemostatic agent in seven cases
(Table 3). Four (66.7%) cases were for minor bleeds, and three (75%)
cases were for perioperative hemostatic support, corresponding to
an overall success rate of 43.8%.

3.1.2 | Laboratory outcome

Forty-one patients had numerical values or interpretable graphical
representations for the FVIII/VWEF parameters that were used to
determine laboratory outcomes (Table 4). Only 16 patients (39.0%)
satisfied the predetermined criteria for response. The majority of
responses were short-lived with a return to baseline within 6 hours
(n = 12) or had a short half-life reported (n = 2). Two patients had a
documented duration of response of 26 hours.

3.3.2 | Factor replacement therapy

Fifty-five studies were identified in which a total of 78 patients with
AVWS-MGUS received factor replacement therapy, including VWF/
FVIII concentrate, cryoprecipitate, or fresh-frozen plasma.
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3.2.1 | Clinical outcome

For patients where only factor replacement therapy was used (n = 33),
the treatment was effective in 11 cases (major, n = 2; minor, n = 4; peri-
operative, n = 5), corresponding to a success rate of 33.3% (Table 3).

3.2.2 | Laboratory outcome

Laboratory measures when factor replacement therapy only was
used were available for 35 patients, of which 22 (62.9%) satisfied
the predetermined criteria for response (Table 4). Similar to the du-
ration of response with DDAVP, the majority of responses to fac-
tor replacement therapy were short-lived with a return to baseline
within 6 hours (n = 18) or had a short half-life reported (n = 3). One

patient had a documented duration of response lasting 24 hours.

3.3.3 | IVIG
Forty-nine studies were identified in which a total of 89 patients
with AVWS-MGUS received IVIG.

3.3.1 | Clinical outcome

For patients in whom only IVIG was used (n = 48), the treatment was
effective in 41 cases (major, n = 13; minor, n = 6; perioperative, n = 13;
unclear indication, n = 9), corresponding to a success rate of 85.4%.

3.3.2 | Laboratory outcome

Laboratory measures after IVIG were interpretable for 44 pa-
tients, of which 39 (88.6%) satisfied the predetermined criteria,
with the duration of response ranging between 10 and 35 days.

3.3.4 | Combination of factor replacement and IVIG
3.4.1 | Clinical outcome

Six patients received both factor replacement therapy and IVIG for
major bleed (n = 1) and perioperative hemostatic support (n = 5). This

combination was effective in four cases (66.7%).

TABLE 3 Clinical outcomes for therapeutic agents used

L} pﬂ"
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Three patients who received both factor replacement therapy and

3.4.2 | Laboratory outcome

IVIG had numerical values or interpretable graphical representations
for the FVIII/VWF parameters, of which two (66.7%) responded to
the combined treatment. The duration of response was 4 days and
9 days in the two responders.

3.3.5 | Other treatments

Various other treatments were attempted in different stud-
ies. The outcomes of these results are summarized in Table 5.
Immunosuppressive agents such as rituximab, cyclophosphamide,
and azathioprine were ineffective in all cases except for one,
where rituximab was used in conjunction with steroids. Steroids
used individually were successful in only two of nine cases; how-
ever, the agents, doses, and methods of administration varied in
those studies. Myeloma-directed therapies, including lenalidomide,
thalidomide, or bortezomib, were successful in four of five cases.
Plasmapheresis was effective in four of six cases. In all four suc-
cessful cases, either factor replacement therapy and/or IVIG was
infused after plasmapheresis. Antifibrinolytic agents and recombi-
nant FVlla (rFVIla) were successful in 8 of 13 and 6 of 6 patients,
respectively, and often used in conjunction with factor replacement
therapy and/or IVIG.

4 | DISCUSSION

Our review indicates that while the data on AVWS-MGUS are scarce,
several relevant observations can be drawn from it collectively.
When we compared the baseline characteristics of our cohort to
overall MGUS epidemiologic data, a similar sex difference is noted,
where men were twice as likely as women to be diagnosed.”'23
However, some differences were observed. AVWS-MGUS pa-
tients were likely to be younger at diagnosis than MGUS patients
(60.8 years vs 70 years).?? This may be caused by symptomatic

Reason for using each therapeutic agent

Major Minor
Therapeutic Agent bleeding bleeding Perioperative Unclear Total
DDAVP, 0/5(0) 4/6 (66.7) 3/4 (75) 0/1° (0) 7/16 (43.8)
n=16 (%)
Factor replacement therapy, n= 33, (%) 2/15 (13.3) 4/9 (44.4) 5/9 (55.6) 0 11/33(33.3)
IVIG, 13/17 (76.5 6/6 (100) 13/14 (92.9) 9/11° (81.8) 41/48 (85.4)
n= 48 (%)
Factor replacement therapy + IVIG, n= 6 (%) 1/1 (100) 0 3/5 (60) 0 4/6 (66.7)

Abbreviations: DDAVP, desmopressin; IVIG, intravenous immunoglobulin

2All 11 patients were treated with IVIG in Bertolino et al 30; unable to determine reason for treatment from text

®One patient was treated with DDAVP in Macik et al 31; unable to determine reason for treatment from text
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TABLE 4 Laboratory outcomes for therapeutic agents used

Response
Therapeutic agent rate
DDAVP, 16? (39.0)
n=41 (%)
Factor replacement therapy, n= 35 (%) 22(62.9)
IVIG, 39 (88.6)
n= 44 (%)
Factor replacement therapy + IVIG, n= 3 (%) 2(66.7)

Abbreviations: DDAVP, desmopressin; IVIG, intravenous
immunoglobulin

?In one patient, the results of von Willebrand factor GP1b activity was
used.

bleeding with AVWS, leading to an earlier diagnosis. There was an
overrepresentation of 1gG subtype in our cohort, higher than the
general incidence of IgG subtype in MGUS overall (87% vs 69%).2* It
has previously been demonstrated in a few studies that monoclonal
IgG binds to the VWF directly on a binding site on the VWF mol-
ecule.? Our observation of higher prevalence of IgG MGUS suggests
that monoclonal 1gG may perhaps bind more readily to VWF than
non-lgG monoclonal antibodies, although such a conclusion would
require further studies on the interaction of these other subtypes
with VWF.

In patients in whom multimeric analysis was reported, a majority
had decreased intermediate-molecular-weight or high-molecular-
weight multimers (56.1%), resembling a type 2A or type 2B VWD
pattern, and 28.1% had normal multimers suggestive of a type 1 pat-
tern. This observation is consistent with findings by Gan et al® and

van Genderen et al*°

that demonstrated a preferential binding of the
monoclonal antibody to high- and intermediate-molecular-weight
VWF multimers, leading to increased clearance of these multim-
ers.210 The bleeding phenotype of AVWS-MGUS appears to vary
in severity, with the majority of patients in our study having mild or
no bleeding (total, 62.5%). However, the remaining patients had a
severe and often life-threatening bleed.

There have been many different management approaches for the
bleeding phenotype of this disorder in the literature. In general, our
scoping review shows that both DDAVP, which promotes increased
endogenous release of VWF/FVIII, and factor replacement therapy
offer limited treatment success in the hemostatic management of
AVWS-MGUS. The subsequent elevations of VWF/FVIII were tran-
sient and short-lived in laboratory studies. Clinically, both agents
were poorly effective in controlling major bleeds, but had better
success in controlling minor bleeds (DDAVP, 66.7%; factor replace-
ment therapy, 55.6%). Thus, we suggest the use of DDAVP as first
line for minor bleeds in AVWS-MGUS, factoring into consideration
its cost, availability, and side effects in comparison to factor replace-
ment therapy (Figure 2).

The limited response of DDAVP and factor replacement ther-
apy is expected, given that the pathophysiology of AVWS-MGUS
likely involves an accelerated immunologic clearance of circulating

VWEF as a result of direct binding to the monoclonal antibody.*®

TABLE 5 Outcomes of other treatment options

Success Concomitant

Treatment options rate therapy
a) Immunosuppressive therapies

Azathioprine 0/2

Melphalan 0/1

Rituximab 0/6

Rituximab + bendamustine 0/1

Rituximab + steroids 1/2

Chlorambucil + steroids 0/1

Dapsone + steroids 0/1

MMEF + steroids 1/1 1 case with IVIG

Cyclophosphamide + steroids 0/2

Cyclophosphamide 0/1

Steroids 2/9

b) Myeloma-directed therapies

Thalidomide 1/1
Lenalidomide 2/2 1 case with factor
replacement
therapy
Bortezomib + steroids 1/2
c) Hemostatic agents
Antifibrinolytics 8/13 Success

1 case with rFVlla
3 cases with factor
replacement

therapy

1 case with factor
replacement
therapy and/or
IVIG

1 case with DDAVP

1 case with
estrogen

Failure

2 cases with factor
replacement
therapy

1 case with
steroids

1 case with IVIG

1 case with factor
replacement
therapy and
antifibrinolytic
agent

1 case with factor
replacement
therapy,
IVIG, and
antifibrinolytic
agent

rFVila 6/6

d) Other

(Continues)
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TABLE 5 (Continued)

Concomitant
therapy

Success
Treatment options rate

Success

2 cases with factor
replacement
therapy and
IVIG

1 case with factor
replacement
therapy

1 case with IVIG

Failure

1 case with factor
replacement
therapy

Plasmapheresis 4/6

Romiplostim?® 1/1

Abbreviations: DDAVP, desmopressin; IVIG, intravenous
immunoglobulin; MMF, mycophenolate mofetil; rFVIla, recombinant
factor Vlla.

?Presented with type 2B-like acquired von Willebrand syndrome with
thrombocytopenia.

Thus, it would also be expected that treatments that eradicate or
neutralize the antibody would be successful, which was a finding
that we observed in our review. One such treatment is IVIG, which
has been shown to be beneficial in various immune-mediated
disorders due to various mechanisms including neutralizing the
autoantibodies through the effect of anti-idiotypic antibodies,
as well as modulation of B-cell and T-cell effects.?> In our study,
IVIG had an overall success rate of 85.4% in managing all bleeding
or perioperative cases, including major bleeds, where its success
rate was 76.5%—a rate noticeably higher than that of DDAVP or
factor replacement therapy. Plasmapheresis, which leads to tem-
porary clearance of the autoantibodies, when given in conjunc-
tion with factor replacement therapy and/or IVIG, also appears to
offer clinical success, as it was effective in four of six cases. It is
worth noting that the laboratory effect of IVIG is temporary and
lasted between 10 and 21 days on average. However, from a man-
agement perspective, the high rate of success of IVIG as a tem-
porizing measure for symptomatic bleeds or surgical procedures
bears more clinical relevance than the duration of its laboratory
effect, offering a rationale for its use for these indications. In pa-
tients with recurrent major bleeds, an alternative approach to be
considered is the administration of IVIG at regular time intervals
(eg, every 3 weeks); however, this has not been well studied in
this setting and may not be cost-effective. Such patients may be
indicated for myeloma-directed therapies, which is further dis-
cussed below. We suggest the use of IVIG, in combination with
VWEF/FVIII concentrate, as first-line treatment for all acute major
bleeds. In patients with or without bleeding symptoms who are
undergoing surgery, we recommend IVIG for preoperative man-
agement (Figure 2). We suggest an IVIG dose of 400 mg/kg for
5 days or 1 g/kg for 2 days, with modifications as needed for renal
dysfunction.
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We also reviewed the effect of other less commonly used
treatment approaches in our review. Immunosuppressive agents
such as rituximab, cyclophosphamide, and azathioprine were
largely ineffective. This provides further evidence that the cause
of AVWS in MGUS is likely a direct result of monoclonal anti-
bodies binding to VWF and leading to its accelerated immuno-
logic clearance, since these immunosuppressive treatments do
not affect the clonal plasma cells that produce the monoclonal
antibodies. Myeloma-directed therapies, including lenalidomide,
thalidomide or bortezomib, were successful in four of five cases.
However, it remains unclear whether they should be used to
treat AVWS associated with MGUS, which is considered one of
the main disorders now recognized as monoclonal gammopathy
of clinical significance.® From a safety perspective, both protea-
some inhibitors and immunomodulatory imide drugs (IMiDs) can
lead to significant side effects, and the high incidence of throm-
bocytopenia with bortezomib could complicate the management
of a bleeding disorder.?%?” The optimal management of the pro-
thrombotic effects of IMiDs may be challenging in the setting of
an acquired bleeding disorder, especially in patients who would
otherwise be considered to receive prophylaxis anticoagulation
along with IMiD therapy. Nevertheless, from an efficacy stand-
point, myeloma-directed therapy may theoretically offer the ad-
vantage of a durable remission of the AVWS due to its long-lasting
effects on clonal plasma cells that cause the disease. This is in
contrast to IVIG, which serves as only a temporizing measure and
may require frequent administration in patients with recurrent
severe, life-threatening bleeding episodes. Such patients may be
candidates for more aggressive therapy aimed at long-term remis-
sion, including myeloma-directed therapy or hematopoietic stem
cell transplant. Ultimately, these therapeutic options need to be
considered on an individual, case-by-case basis, after taking into
account the benefit-risk ratio.

In our review, adjunct hemostatic agents such as rFVlla and an-
tifibrinolytics appeared to also be successful in managing AVWS-
MGUS, although the numbers of studies were limited. These agents
do not directly impact the pathophysiological mechanism of this
disorder. Their success is likely related to their effect in rebalanc-
ing the hemostatic pathways, leading to a shift toward a prothrom-
botic state. Both rFVlla and tranexamic acid have been successfully
used in the management of congenital VWD.2%2? We consider these
agents to be useful under circumstances where IVIG is unavailable
or was ineffective.

As described above, there are significant limitations to this
study based on the quality of available literature. Current data
are limited to case reports or small case series, with a small num-
ber of eligible patients and inconsistent reporting of key informa-
tion. The retrospective aspect of analysis, the heterogeneity of
study design and therapeutic approaches in the studies, and pub-
lication bias are also significant limiting factors. This poses a real
challenge in managing this serious disorder in an evidence-based
fashion, since these studies do not provide sufficient information
individually to guide treatment approaches. As with all scoping
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Treatment Indication

v A A
Minor Major Preoperative
Bleeding* Bleeding* Management
A
DDAVP IVIG IVIG#
+
Persistent
bleeding VWF
concentrates
IVIG )
Persistent
bleeding
e rFVlla

e Anti-
fibrinolytics (eg.
tranexamic acid,
aminocaproic acid)

e Othert

FIGURE 2 Proposed algorithm for choice of hemostatic agent
for AVWS-MGUS based on treatment indication. *Per ISTH criteria.
tOther considerations include plasmapheresis and myeloma-
directed therapies. F IVIG should be initiated a day prior to surgery,
with repeat laboratory testing the day of surgery. Proceed only if
VWEF and FVIII levels are above target levels; otherwise, addition

of VWEF-containing concentrate to IVIG may be necessary.
Postoperative bleeding can be managed similarly to major bleeding
in the above algorithm. FVIII, factor VIII; ISTH, International
Society on Thrombosis and Haemostasis; IVIG, intravenous
immunoglobulin; AVWS-MGUS, acquired von Willebrand syndrome
associated with monoclonal gammopathy of undetermined
significance; VWF, von Willebrand factor

reviews, we collated currently available published literature in a
meaningful manner that would be beneficial to clinicians and used
this information to make recommendations based on our expert
opinion, which we summarized in Figure 2. While larger, prospec-
tive studies are needed to more accurately assess management
outcomes, this would confer a major challenge given the rarity of

this disease.

5 | CONCLUSION

AVWS is a complication of MGUS that leads to a bleeding disorder
of a variable degree of severity, and is likely caused by monoclonal
autoantibodies against VWF. Limited data in the literature sug-
gest that the hemostatic management of this disorder should be
focused on neutralizing or eliminating the autoantibody. IVIG ap-
pears to be an effective treatment of bleeding symptoms, and it is
our agent of choice for major bleeds or preoperative management.
Agents such as DDAVP or factor replacement therapy offer limited
success, but given the general availability of DDAVP, it may be use-
ful in controlling minor bleeds. While other hemostatic agents such

as rFVlla do not neutralize the antibodies, their prothrombotic ef-
fects could offer success in managing major bleeds and may be
considered in emergent situations or cases of drug shortage, al-

though the data are limited.
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