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CLINICAL OBSERVATIONS, INTERVENTIONS, AND THERAPEUTIC TRIALS

Treatment of von Willebrand disease with a high-purity factor Vlli/von
Willebrand factor concentrate: a prospective, multicenter study

Pier M. Mannucci, Juan Chediak, Wahid Hanna, John Byrnes, Marlies Ledford, Bruce M. Ewenstein, Anastassios D. Retzios,
Barbara A. Kapelan, Richard S. Schwartz, Craig Kessler, and the Alphanate Study Group

Among patients with von Willebrand dis-
ease (VWD) who are unresponsive to des-
mopressin therapy, replacement with
plasma-derived concentrates is the treat-
ment of choice. Because prospective
studies are lacking, such treatment has
been largely empirical. A multicenter, pro-
spective study has been conducted in 81
patients with VWD (15 patients with type
1, 34 with type 2, and 32 with type 3
disease) to investigate the efficacy of a
high-purity factor Vlll/von Willebrand fac-
tor (FVIII/VWF) concentrate for treatment
of bleeding and surgical prophylaxis. Two
preparations of the concentrate—one vi-

rally inactivated with solvent detergent,
the other with an additional heat-treat-
ment step—were evaluated. Pharmacoki-
netic parameters were similar for both
preparations. Using pre-established dos-
ages based on the results of pharmacoki-
netic studies, 53 patients were adminis-
tered either preparation for the treatment
of 87 bleeding episodes, and 39 patients
were treated prophylactically for 71 surgi-
cal or invasive procedures. Sixty-five
(74.7%) and 10 (11.5%) of the bleeding
episodes were controlled with 1 or 2
infusions, respectively. Patients with se-
vere type 3 VWD typically required more

infusions and higher doses, at shorter
time intervals, than did patients with gen-
erally milder types 1 and 2. Among pa-
tients undergoing surgical procedures,
blood loss was lower than that predicted
prospectively, and losses exceeding the
predicted value did not correlate with the
postinfusion skin bleeding time. In conclu-
sion, the concentrate effectively stopped
active bleeding and provided adequate
hemostasis for surgical or invasive proce-
dures, even in the absence of bleeding
time correction. (Blood. 2002;99:450-456)

© 2002 by The American Society of Hematology

Introduction

Von Willebrand disease (VWD) is the most common hereditarpproximately 1% to 3% of patients have type 3 VWD, which has
bleeding disorder, affecting both males and females with asirtually a complete absence of VWF and very low levels of
estimated prevalence of 1% in the population worldwii®WD  FVIII:C. Patients with type 3 disease have more severe clinical
results from a quantitative or a qualitative abnormality of vosymptoms, such as hemarthroses, muscle hematomas, and consis-
Willebrand factor (VWF), a large multimeric adhesive glycoprotent postoperative and postpartum bleeding.
tein contained in plasma, platelets, and endothelial cells. As a Mild forms of VWD can be treated with desmopressin acetate
critical component of hemostasis, VWF initiates platelet adhesig¢h-desamino-8-D-arginine vasopressin), which acts efficaciously to
at sites of vascular injury, transports coagulation factor VIII (FVIlIprevent or stop bleeding by releasing endogenous VWF and FVIII
to sites where it can participate in the formation of fibrin clots, anfilom storage site$.Patients with more severe forms of VWD,
protects FVIII from in vivo proteolysis. Patients with VWD usuallyhowever, do not respond to desmopressin or may have contraindi-
manifest a dual hemostatic defect characterized by a prolonged skations to its usélIn addition, tachyphylaxis may develop in those
bleeding time and low plasma levels of FVIII coagulant activitynitially responsive if repeated infusions are given to maintain
(FVIIL:C).3 hemostasis (eg, in the postpartum period or after sur§dryys, in
VWD is heterogeneousSeventy percent to 80% of patients20% to 30% of patients, the replacement of VWF and FVIII with
have type 1 VWD, in which there is a decrease in the quantity pfasma-derived concentrates is the mainstay of treatfment.
VWEF but no functional abnormality. It is usually characterized by Cryoprecipitate, derived from fresh-frozen plasma thawed at
relatively mild symptoms; spontaneous soft-tissue bleeding is ra#¢C, is no longer considered the optimal replacement because of
excessive postoperative bleeding is unpredictable, and mucasa risk for transfusion-associated viral infection and the inconve-
tract bleeding, typically epistaxis and menorrhagia, is usually notence of storage and preparation for use. Virally attenuated
severe. Approximately 20% of patients have type 2 VWD, whichlasma-derived FVIII/VWF concentrates, originally developed for
has qualitative deficiencies of VWF and is functionally abnormal ithe treatment of hemophilia A, are used in desmopressin-
its interactions with platelets. Bleeding in mucosal tracts is frequentresponsive patients? A prospective study of replacement
in patients with type 2 VWD, whereas soft-tissue bleeding is ratBerapy in VWD has not been previously conducted. Therapy has
because FVIII:C levels are usually higher than they are in type ieen largely empirical, not tailored to different VWD types, and it
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has been based primarily on FVIII for dosing recommendatiénsan identical infusion of the other preparation (median, 109 days; range,
Therefore, the main objective of this prospective study was #0186 days). This dosage was chosen because, on the basis of data available
assess the efficacy of a FVIII/VWF concentrate in patients knowipm the literaturé®and of pharmacokinetic studies conducted early during
not to respond adequately to desmopressin or to have a contraiffg Study (data not shown), it was expected that plasma levels would be

. . ] ined in excess of 100 IU/dL (100% of normal). For each infusion, blood
f:etlg?(;tc;::Irsn;:s?sri?lzoéjrn(;j)’/sizfliggr\ll\ajl?isnb\‘/a\fveg on the content of vaarhples for platelet count, plasma levels of VWF:RCof, FVIII:C, and

VWF:Ag, and determination of VWF multimeric distribution at a central
laboratory (Special Coagulation Laboratory, Pathology Specialty Services,
Miami, FL) were obtained at baseline and at 0.25, 1, 3, 6, 12, 24, and 48

Patients and methods hours after infusion. Platelet-poor plasma was obtained by centrifugation of
) venous blood collected in 0.129 M trisodium citrate. Plasma samples were
Patients shap-frozen and stored &f70°C before testing or shipping in dry ice. Skin

We conducted a multicenter, prospective study of eligible patients recruitgﬁerdi':fﬁstiges were determined at baseline and at 1, 6, and 24 hours
%Treatment of bleeding episode®atients were infused with A-SD or

at 27 hemophilia centers in the United States and Europe between 1993 an
1998. Patients of both sexes were eligible for the study if they ha/g-SD/HT, 40 VWF:RCof IU/kg (50 VWF:RCof IU/kg in pediatric patients)
r the treatment of bleeding episodes. The initial dose was chosen on the

hereditary VWD, were 7 years of age or older, and met one of the foIIown}
criteria: were known not to respond adequately to desmopressin, had a

o . . asis of the results of pharmacokinetic studies, and the goal was to raise
contraindication to this compound, or required supplemental treatment in

. ) ) atients’ VWF levels to 100 1U/dL (100% of normal) regardless of initial
the past. Inadequate response to desmopressin was defined as little TN levels. The dose used in pediatric patients was 50 VWE-RCof 1U/k
increase in plasma FVIII:C level, VWF ristocetin cofactor activity (VWF: . p P ' g

o )

RCof) level and no shortening in the skin bleeding time. Patients recruitt%% apcgunt for an average 20 A)lgreat‘e_r plasma voI_ume, on a per kilogram
. : L . asis, in persons younger than®@dditional doses, if required, were not

to participate in the early pharmacokinetic study and in the crossover

pharmacokinetic study were not experiencing bleeding episodes at the tﬁt%ndardlzed, and dosing intervals were based on the clinical judgment of

of the study. Patients enrolled in the subsequent phases of the study requ‘lerae%{1 investigator. N(.) patients treated under this part of the study were
. ) B . xcluded from analysis.
treatment for non-life-threatening bleeding episodes, and those enrolled’in . . . . : .
Prophylaxis for elective surgery or invasive proceduresn infusion

the surgical prophylaxis portion of the study were scheduled for various  <n' s sp/HT) 60 VWF:RCof 1Ulkg (75 VWF:RCof 1U/Kg in
types of surgical or invasive diagnostic procedures judged to require

. - . . ) ._pediatric patients) was given before surgical or invasive procedures. This
bleeding prophylaxis. Eighty-seven patients were enrolled in the vario(s ) ) .

. o0sage was intended to achieve a plasma level in excess of 100%. A blood
phases of the study, but 6 never underwent treatment. Patients weré

o : - sample was obtained at 15 minutes after the first infusion for a FVIII:C level
;lr%stgggdaazvt\év eD ii?grtgn%%agggg:? ftgrmev::rtsr:pg;?;é—ﬁf tsrt]:d)éthiand at 1 hour after infusion to determine levels of VWF:RCof, FVIII.C,

committees of the participating institutions. \C/?NF:Ag, VWF multimeric distribl_Jtion, and p_IateIgt count. B!eeding time
was determined before and 30 minutes after infusion. Quantity of treatment
to be given after the preoperative infusion was not standardized. Additional
concentrate was administered at doses and intervals based on the investiga-
Alphanate Solvent Detergent (A-SD) (Alpha Therapeutic, Los Angeletgrs’ determination of the need for further treatment, which was in turn
CA) is prepared from pooled human plasma by cryoprecipitation arithsed on type and severity of the procedure and on the results of laboratory
further purification by using heparin-coupled, cross-linked agarose witheasurements. The use of cryoprecipitate, alternate factor VII/VWF
affinity for the heparin-binding domain of VWF. The preparation is treategoncentrate, and platelet transfusion was not allowed. Treatment with the
with a mixture of tri(n-butyl) phosphate (solvent) and polysorbate 8@ntifibrinolytic agent tranexamic acid was allowed during oral surgery and
(detergent) to reduce the risk for transmission of infectious viruses. Eaichpresence of mucosal tract bleeding because this adjuvant drug is the
vial was labeled with the FVIII:C and the VWF:RCof potency, expressed igtandard of care for patients with coagulopathies. Platelet transfusion was
international units as defined by the World Health Organization. allowed for patients with type 2B VWD because thrombocytopenia is
Alphanate Solvent Detergent/Heat Treated (A-SD/HT) (Alpha Therapesometimes associated with this subtype. Before surgery, the surgeons were
tic) is prepared similarly to A-SD but with an added step of heat treatmentasked to provide an estimation of expected blood loss for a healthy person
80°C for 72 hours to provide an additional safeguard against non-lipiaf the same sex and of similar height and age as the patient. For each patient
enveloped viruses resistant to solvent detergent alone. Results of in vifie estimated intra-operative blood loss was obtained from the operative
inactivation studies documenting the effect of the heat treatment step f@port or as noted elsewhere in the patient's record. No patients treated
reduction of surrogate non-lipid-enveloped viruses are contained in theder this part of the study were excluded from analysis.
package insert for the product.

FVIII/VWEF concentrates

Laboratory tests

Study design . L . L
Skin bleeding times were performed on the forearm by making 2 incisions

Our study was originally designed to assess the efficacy of A-SD in theth Simplate devices (Organon Teknika, Durham, NC) (in 17 centers) or
treatment of bleeding episodes and for bleeding prophylaxis for electio¢gher template devices (in 3 centers). If incisions were bleeding at 30
surgery or invasive procedures. Dosages used for treatment of bleedmigutes, the test was stopped, and bleeding time was recorded as longer
episodes and for bleeding prophylaxis were based on the resultstlséin 30 minutes. Bleeding time was considered corrected if it was equal to
pharmacokinetic studies conducted early during the study (data not showor)shorter than the laboratory upper limit of normal (from 7 to 9.5 minutes,
When A-SD/HT became available, an open-label, randomized, crossodepending on the center and the device used) and partially corrected if it
study was conducted in 12 patients with type 3 VWD from 8 differentvas shortened by more than 30% from the patient’s baseline ¥alue.
kindreds (4 sibling pairs) at 4 centers (1 in Italy and 3 in the United States) One-stage FVIII:C assays were performed at each participating site
to compare the pharmacokinetics of the 2 preparations. The protocol wesing various sources of FVIlI-deficient substrate plasmas and reference
amended by substituting A-SD/HT for A-SD for the treatment of bleedinglasmas. VWF:RCof was measured by aggregometric methods using
episodes and for bleeding prophylaxis. Doses and treatment schedules Wgaghilized platelets from Bio/Data (Horsham, PA) and ristocetin (ABP,
for the treatment of bleeding episodes and for bleeding prophylaxis wevkarlton, NJ) at a concentration of 1.0 mg/mL. VWF:Ag was measured by
identical for the 2 preparations. Patients were eligible to participate in moeezyme immunoassay (Diagnostica Stago, Parsippany, NJ) in most clinical
than one phase of the study. centers. A few centers used the Laurell electroimmunoassay, which is
Crossover pharmacokinetic studylwelve patients with type 3 VWD known to be sensitive to multimer distribution and tends to overestimate
were administered, in random order, one infusion of either A-SD ofWF:Ag levels when large multimers are lacking, as they are in type 2
A-SD/HT at a dose of 60 VWF:RCof IU/kg, followed in 7 or more days byVWD. We chose to combine the results of the 2 assays because VWF:Ag
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values are thought to be of little relevance in the management of patieffigble 1. VWF multimer analyses
with type 2 VWD. Calibrator plasma for all assays is traceable to the Third Low—molecular- High-molecular-

International Standard for FVIII and VWF. All values were expressed as Samples weight multimers, % weight multimers, %
percentage normal relative to the calibrator plasma. Multimeric analysis of | plasma (control)

46 54

VWF in concentrates was carried out in the Miami Central Laboratory %t AP3034A 54 6
sodium dodecyl sulfate (SDS) 1.2% or 1‘.7% agarose gel electrophore%g,APSOMA + heat treatment 60 20
anq bands were V|s_ua||zed _by autgradlography using a R(abhbit | | \os000 o1 30
anti-human VWF antibody (Diagnostica Stagb). Lot AP3020 + heat treatment o5 a6
Lot AP3018A 63 37

Pharmacokinetic analysis Lot AP3018A + heat treatment 63 37

In vivo decay curves of plasma VWF:RCof, FVIII:C, and VWF:Ag were  High-molecular-weight multimers were determined from densitometric scans
analyzed by noncompartmental pharmacokinetic methdHsin vivo and were defined as the area under the 5 molecular peaks from the high-molecular-
. . ight end of the scan as described by Cumming et al.?°

incremental recovery values were calculated from the increase of vwid v 9

RCof, FVIII:C, and VWF:Ag above baseline 15 minutes after the comple-

tion of infusion divided by the amount of the component administered. . . .
intravenously and expressed in IU/kg. Pharmacokinetic parameters Y&Ih type 1, 17 with type 2A, 2 with type 2B, 14 with type 3 VWD)

A-SD and A-SD/HT were compared by a repeated-measures mixed mod&re admini_stered prophylaxis fqr surgical or invasive procedures.
using treatment, sequence, and period effect as factors. The median age of all 81 patients was 34 (range, 7-75) years.
Eighteen patients were younger than 18. Baseline bleeding times
and plasma levels of VWF:RCof, FVIII:C, and VWF:Ag for each
VWD subtype are summarized in Table 2. Patients with type 3
Results disease had lower FVIII:C levels than did patients with other types,
and VWF:RCof and VWF:Ag levels were below the limits of
Fifteen lots of A-SD and 7 lots of A-SD/HT were used in thejetection. In some type 1 patients, baseline values of VWF:RCof
crossover pharmacokinetic, bleeding episode treatment, and bleggre normal; these results were likely to be attributed to variations
ing prophylaxis portions of the study. The median FVIII:C toyr recent treatments in patients who historically met criteria for
VWEF:RCof ratio of the 2 products was 1.6, with a range from 1.0 tg/pe 1 VWD. Median bleeding times were prolonged in all 4 VWD

2.6. Both preparations, electrophoretically run at an agarose concen{gtypes and were longest in patients with type 3 VWD.
tion of 1.7%, lacked a fraction of the high—-molecular-weight VWF

multimers present in normal plasma, as also seen from the lowg§bssover pharmacokinetic study
calculated percentage of such multimers (Figure 1, Table 1).

Eighty-one patients overall (50 female, 31 male; 72 white, Bight lots of concentrate were used in the crossover pharmacoki-
black, 3 Hispanic) were treated in one or more phases of the stuigtic study (median FVII:C to VWF:RCof ratio, 1.6; range,
Fifteen patients had severe type 1 VWD, 29 had type 2A, 5 hdd0-2.6). Median plasma levels of VWF:RCof, FVIII:C, and
type 2B, and 32 had type 3. Forty-five patients participated in onBjeeding times before and after infusion of A-SD and A-SD/HT (60
one phase of the study, including 24 who participated only in théWF:RCof 1U/kg) in 11 of 12 patients with type 3 VWD are shown
early or crossover pharmacokinetic studies, one patient whbFigure 2. Data from one patient were excluded from analysis
participated only in the study on the treatment of bleeding episod&cause, during the second infusion (A-SD), she was found to have
and 20 patients who participated only in the surgical prophylaxig vivo recovery of FVIII:C, VWF:Ag, and VWF:RCof of approxi-
study. Thirty-six patients were enrolled in multiple phases of th@ately 50% that observed after the first infusion (A-SD/HT).
study. Overall, 14 patients (3 with type 1, 7 with type 2A, 4 witHnhibitor testing on the second preinfusion sample revealed a weak
type 3 VWD) were treated for bleeding episodes, and 39 patientsi(éibitor to FVIII:C of 0.5 Bethesda units (normal, less than 0.4).

Although no inhibitors were found in her plasma on enroliment, on
retrospective questioning the patient recalled having been told by
other physicians that she had a weak inhibitor to FVIII/:C.

Table 2. Baseline laboratory values by subtype of von Willebrand disease
Measurement
Bleeding
time, min
VWF:Rcof, % FVII:C, % VWF:Ag, % median
VWD subtype  median (range) = median (range)  median (range) (range)
Type 1 20 47 20 20
(n=15) (6-80) (14-145) (0-68) (3-30)
Type 2A 19 56 49 26
(n=29) (7-52) (2-175) (< 10-271) (6-46)
Type 2B 40 60 57 >30
(n=5) (16-63) (33-121) (40-180) (6-> 30)
Type 3 <10 6.0 <1 >30
(n=32) (<1-<10) (2-46) (< 1-<10) (15-> 30)
- Normal range 56-150 54-158 52-160 <895

1 2 3 4 5 6 7 Value ranges of some measurements, particularly for patients with type 1 and

type 2 VWD, include some values that are within the normal range for that
Figure 1. SDS agarose electrophoresis VWF multimer analysis of paired lots of measurement. They are likely to be explained by variation in results for patients who
A-SD and A-SD/HT. Gels were prepared in 1.7% agarose. historically met criteria for VWD or by previous treatments not reported by the patient.
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>

1000 - bleeding episodes for each VWD type and for treatment intervals
are summarized in Table 4. All the bleeding episodes were
ultimately controlled by concentrate infusion. On average, how-
~g~ N ever, patients with type 3 VWD required more infusions (3.0 vs
\\\\g_ —_ 1.0) to stop bleeding, and at shorter time intervals (median, 16 vs
10 4 — == = 24 hours) than did patients with type 2A VWD. Median initial
treatment dosage was 40 VWF:RCof IU/Kg for patients with type
2A and type 3 VWD. Median dosage for subsequent infusions,
chosen by each investigator, was higher in patients with type 3 than
in patients with type 2A VWD (60 vs 40 VWF:RCof I1U/Kg),
014 . . . ' probably a reflection that bleeding was more severe and less
0 10 20 30 40 50 promptly controlled in type 3. Only one patient with type 1 VWD
required a second infusion, at a dosage of 55 VWF:RCof IU/Kg. An
oral antifibrinolytic agent was administered during 8 (9.2%)
bleeding episodes. The most common bleeding sites were the
30 gastrointestinal tract (72.4%), nasopharynx (14.9%), musculoskel-
etal system (9.2%), and genitourinary tract (3.4%). Patients with
type 2A VWD bled predominantly from mucosal tracts, whereas
patients with type 3 VWD also had musculoskeletal bleeding
episodes (hemarthrosis, muscle hematomas). Table 5 shows that
10 musculoskeletal and genitourinary bleeding required, on average,
more treatments per bleeding episode than did gastrointestinal and
nasopharyngeal bleeding (median, 3.5 and 3.0 vs 1.0) and higher

0 ’ ’ ’ ’ median overall dosages (55 and 60 vs 40 VWF:RCof IU/KQ).
0 10 20 30 40 50

100 1

Plasma vWF:RCof, FVIII:C
{percent of normal)

40 -

vy

20

Bleeding Time {(minutes)

Time (hours) Prophylaxis of elective surgery and invasive procedures

Figure 2. Median values of plasma levels. VWF:RCof (circles, dash-dot lines) and i : ; ; ;
FVIII:C (triangles, solid lines) (A) and of bleeding times (squares, short dash lines) Thirty-nine patients (6 with type 1, 17 with type 2A, 2 with type

(B) before and after administration of A-SD (open symbols) and A-SD/HT (closed 2B, 14 with type 3 VWD) were administered either product for

symbols), 60 IU/kg VWF:RCof, in 11 patients with type 3 VWD. Before treatment, ~ prophylaxis of bleeding in 71 surgical or invasive diagnostic

median plasma levels of VWF:RCof, FVIII:C, and VWF:Ag were very low or were procedures (Table 6). This included 10 gastrointestinal endoscopic

below detection, and bleeding times were longer than 30 minutes. Plasma levels . ; .

shown at baseline reflect the lower limits of detection. procedures. Biopsy samples were required in only 3 of the 10. The
other 7 procedures have been included in this analysis because the

Plasma levels at 15 minutes after infusion were similar aft@otential for di_rectlmuc_:osal trarL]mlwa during th_?_ p_rocleo_lure was
infusions of A-SD and of A-SD/HT. With each preparation ther@Jdged to require bleeding prophylaxis. An antifibrinolytic agent

was a disproportionate increase of FVIII:C level relative to VW3S administered during 8 (11.3%) surgical procedures, mainly in
measurements, especially relative to VWF:RCof, in the lafg® Oral cavity. The median number of infusions per surgical
postinfusion times. Median bleeding time at baseline was longgjocedure was 3.0, the dosages for the first and subsequent

than 30 minutes; at 1 hour after infusion, it was shortened to 1gr§usions were 60 1U/kg gnd 40 IU/kg VWF,:RC(_)f* respectively,
minutes (range, 4.5-20.8 minutes). Bleeding time was partial d the median treatment interval across all infusions was 24 hours

corrected in 14 infusions and completely corrected in 8 infusions ablg 6). _Overall, n 63_surg|cal proce_dures to correct prolqnged
partial corrections and 4 complete corrections for both A-SD a eeding time, the 30-minute post_lnfusmn te_st showed that_'t was
A-SD/HT). The patient excluded from analysis had partial correldlly correcte_d in 25 (39.7%) patients, partla!ly C(_J”eCtEd in 25
tion with A-SD/HT and complete correction with A-SD. VWF (39:7%) patients, demon;trated no correction in 12 (19.0%)
multimers, undetectable before the infusion, appeared in thatients, and was not done in one patient.

plasma of all patients but lacked the high—-molecular-weight

fraction the infused concentrate had. A representative pattern c

multimer distribution on 1.2% agarose gel electrophoresis is show

in Figure 3. .
Mean in vivo half-lives of FVIII:C, VWF:Ag, and VWF:RCof
for A-SD and A-SD/HT were 20.9 versus 23.8 hours, 12.4 versus
12.9 hours, and 7.1 versus 6.5 hours, respectively. Mean in vivi
incremental recoveries for FVIII:C and VWF:RCof were 2.0 versus
2.1% per IU/kg and 2.5 versus 2.9% per IU/kg, respectively. Thest
and other pharmacokinetic parameters for A-SD and A-SD/HT .
were not statistically different (Table 3). Moreover, the effects of —
each product on the bleeding time and the pattern of VWF -
1

multimers were similar. This overall equivalence led us to combine 2 3 4 5 6 7 8 9
the clinical results obtained with each preparation.
Figure 3. SDS agarose electrophoresis VWF plasma multimer analysis before

and after infusion of A-SD/HT (60 1U/kg VWF:RCof) in a representative patient

with type 3 VWD. Gels were prepared in 1.2% agarose. Lane 1, normal pooled
. . . . . . lasma; lane 2, before infusion; lane 3, 15 minutes after infusion; lanes 4 through 9, 1,

Fourteen patients were given 135 infusions of either preparation fpﬁ 12, 24, and 48 hours after infusion. Increased size in circulating VWF multimers

87 bleeding episodes. Doses administered for the treatmentwas observed for more than 24 hours after infusion.

Treatment of bleeding episodes
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Table 3. Summary of pharmacokinetic analysis in 11 patients with type 3 von Willebrand disease

Plasma VWF:RCof Plasma FVIII:C Plasma VWF:Ag
Mean = SD Mean = SD Mean = SD

Parameter A-SD A-SD/HT P A-SD A-SD/HT P A-SD A-SD/HT P
AUCINF 1295 * 568 1403 = 918 .82 4995 + 1843 5054 + 1600 .95 3972 + 988 4369 * 1442 42
CL 0.05 * 0.025 0.06 = 0.028 .84 0.01 *= 0.005 0.01 *= 0.004 .78 0.02 = 0.004 0.02 = 0.005 .63
Vss 0.50 + 0.139 0.51 * 0.269 .92 0.38 = 0.095 0.43 = 0.115 .32 0.28 * 0.052 0.27 * 0.086 .97
Ti 7.1+289 6.5+ 241 .65 20.9 + 6.68 23.8 £ 6.15 .23 12.4 £ 2.13 12.9 + 2.06 .60
Cmax 152 + 44.4 180 * 85.8 .37 192 * 40.9 175 * 56.3 .35 272 + 67.2 281 + 96.5 .90
Tmax 0.39 + 0.30 0.32 = 0.23 .30 0.3+0.2 04 +03 .30 0.32 = 0.23 0.32 = 0.23 .90
Incremental in vivo recovery 25+0.7 29+13 .32 2.04 = 0.38 2.11 = 0.44 .58 ND ND —

AUCINF indicates area under the plasma concentration curve from zero to infinity (% h); CL, clearance (U/kg)/(% h); Vss, volume at steady state (um/kg per percentage);
T2, half-life (h); Cmax, maximum concentration (%); Tmax, time to maximum concentration (h); incremental in vivo recovery, % IU/kg; ND, not done.

Patients with type 3 VWD were administered, in random order, 1 infusion of either A-SD or A-SD/HT at a dose of 60 1U/kg WF:RCof, followed 7 or more days later by an
identical infusion of the other preparation. P values are from a repeated-measures mixed model with treatment, sequence, and period effects comparing A-SD and A-SD/HT,
based on the actual data (no transformations).

Mean actual blood loss for the combined surgical procedures was G (IgG) and IgM anti-B-19, negative before treatment, were
less than the prospectively estimated value, 1Z3231.8 mL (median, positive on day 35 after the infusion.
50 mL; range, 0-1000 mL) versus 1418341.9 mL (median, 25 mL; Two patients had thrombotic complications. A 30-year-old man with
range, 0-2500 mL), respectively (.0001). Only 3 patients had type 2A VWD was given prophylaxis with A-SD for surgical resection
bleeding that exceeded the amount predicted by more than 50 mL; difievolvulus involving the sigmoid colon. Superficial thrombophlebitis
bleeding time 30 minutes after infusion was normal in 1 patient and ordgveloped in his left arm 12 hours after 4 infusions of A-SD, 27 IU/kg
slightly lengthened in 2 patients. Mitigating factors were present in eaghlVF:RCof, given over 48 hours; plasma levels of VWF.RCof,
of these 3 patients. In contrast, in each of the 9 patients in whom ¢lll:C, and VWF:Ag were 223%, 116%, and 298%, respectively. The
postinfusion bleeding time was longer than 30 minutes and in all #&ravenous line placed in the affected arm was changed, and the patient
additional patients in whom the postinfusion bleeding time was betweeontinued to receive infusions of A-SD without further complications. A
10 and 30 minutes, blood loss was less than predicted or was no néteyear-old man with type 3 VWD received prophylaxis with A-SD for
than 50 mL over that predicted. One patient with type 2B VWD anslrgical hemorrhoidectomy, with doses initially starting at 60 [U/kg
preoperative thrombocytopenia received 6 U platelets after surgery. Wé/F:RCof once daily on days 1 (surgical procedure) and 2, then
other patient required an alternative FVIII/VWF concentrate or platelde-escalating to 40 to 50 IU/kg VWF:RCof once aday ondays 3,5, 7, 9,

transfusions. 10, and 12. On day 13 (18 hours after the 8th infusion of A-SD on day
12), deep vein thrombosis developed in his right leg. Postinfusion
Safety plasma levels of VWF:RCof, FVIII:C, and VWF:Ag after the infusion

. . . . f A-SD on day 12 were 191%, 248%, and 221%, respectively. The
The proportion of patients with adverse events possibly, probably... . . .

o - atient, who also had human immunodeficiency virus, had undergone
or definitely related to treatment was similar for A-SD an arthrodesis to the right knee 25 years earlier, and it was impossible to
A-SDIHT—9 of 66 (13.6%) and 5 of 36 (13.9%) patientso @ oo 9 years ' P

tpoblllze him fully early after the surgical procedure. He was treated

respectively. Most adverse events were mild. Two patients, both . - . .
: L . with heparin and oral anticoagulants and continued to receive treatment
with type 3 VWD, had reduced in vivo recovery during the course. . . . i
with A-SD during his hospital stay; subsequently, a permanent vena

of the study. Anti-VWF alloantibodies were not studied in one : . . . o
. : . . va filter was applied to avoid further thromboembolic complications.
patient, and enzyme-linked immunosorbent assay for antl-VV\ﬁ:"1

gave conflicting results in the other. One patient, a 10-year-old girl

with type 1 VWD, contracted B19 parvovirus infection, character-

ized by the transient appearance of erythema multiforme, 36 dd9$scussion

after an infusion of A-SD. Serologic test results for immunoglobu-

A review of the literature discloses only case reports and small
retrospective series of patients with VWD treated with plasma

Table 4. Doses used to treat bleeding episodes by subtype of von Willebrand

disease concentrates. The current study is the only large prospective study
VWD subtype conducted of treatment and prophylaxis. It was designed to assess
the efficacy of a FVIII/VWF concentrate for the control of bleeding
Type 1 Type 2A Type 3 . .. . .
. and for bleeding prophylaxis in patients undergoing surgery or
No. patients s ’ 4 invasive procedures in whom desmopressin was either ineffective
No. bleeding episodes 4 67 16 or contraindicated
Tma.l "o 'm,usmhs . ° 8 e Early pharmacokinetic studies of A-SD and a crossover pharmacoki-
Median no. infusions per bleeding X K R K .
episode (range) 10(1-2) 10(1-7) 3.0 (1-6) netic stu_dy of A-SD and A-SD/HT carried out in patients with type 3
Median VWF:RCof dosage per \/\ND_ W|tt_1 unmeas_urable plasma VWEF levels and very prolonged_
infusion, 1U/kg bleeding times provided the basis for the concentrate regimens used in
1 infusion (range) 45(33-56) 40 (14-50) 40 (14-79)  the clinical efficacy study. Overall mean in vivo incremental recoveries
2 or more infusions (range) 55(55-55) 40 (14-50) 60 (19-79)  for VWF:RCof (2.7 IU/dL per 1U/kg) and for FVIII:C (2.1 1U/dL per
Allinfusions (range) 50(33-56)  40(14-50) 60 (14-79)  |U/Kkg) were similar to values reported for these and other FVII/VWF

Median treatment interval, h (range) 24(24-24)  24(20-71)  16(7-69)  concentrate%!2 The mean half-life of FVIII:C in patients with VWD,
Median treatment interval was measured from preceding infusion, across ?pprXimate!y 24 hOUI’S,_ Was substarjtially longer than the. h?.lf—life seen
all infusions. in patients with hemophilia A, approximately 12 hours. This is because
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Table 5. Relation between dosage and bleeding site

Bleeding site
Gastrointestinal Nasopharynx Musculoskeletal Gynecologic
No. bleeding episodes 63 13 8 3
Total no. infusions administered 86 14 26 9
Median no. infusions per bleeding episode (range) 1.0 (1-7) 1.0 (1-2) 3.5 (1-5) 3.0 (2-4)
Median VWF:Rcof dosage per infusion, IU/kg (range) 40 (14-60) 40 (14-56) 55 (19-79) 60 (38-60)

of the endogenous synthesis of FVIII in VWD after the administration aevere VWD. However, a limit of the study design was that only the first
VWEF2! The half-life of VWF:RCof, approximately 7 hours, wasdose of the concentrate was standardized; the approach to subsequent
substantially shorter than the half-life of VWF:Ag, approximately 18loses was left to the choice of the individual physician. It cannot be
hours, similar to values reported for another FVIII'VWF concentfate.excluded, therefore, that the results do not distinguish true need for more
Postinfusion shortening of bleeding time was transient and generahigrapy from physician perception that more therapy was needed for
lasted less than 6 hours. Like other FVIIVWF concentrates, bogiatients with ostensibly more severe disease.
preparations lack a fraction of high—molecular-weight multiréess. It is unclear whether the correction of the skin bleeding time is
multimeric pattern reproducing the defective multimeric pattern of theecessary for performing surgical procedures in patients with moderate
concentrates appeared in plasma after infusion, and the effect persisiafl severe VWD. In this study, bleeding that exceeded the amount
for longer than 24 hours. These observations confirm the previouphedicted prospectively did not correlate with whether there was
described dissociation between the bleeding time and the VWF mullrrection of bleeding time. Excess bleeding did not occur during the 9
meric integrity?223 surgical procedures in which there was no correction of bleeding time
Regimens used in this study for the treatment of bleeding episodg®r treatment, and no patient required alternative therapy for the
(initial dose, 40 1U/kg VWF:RCof) and for prophylaxis of bleeding atontrol of hemorrhage. Itis likely that the successful outcome of surgical
surgery (initial dose, 60 IU/kg VWF:RCof) were chosen with therocedures, imperfect correction of bleeding time notwithstanding, is
arbitrary goal to achieve plasma levels in excess of 100 IU/dL (100%@fated to having attained normal postoperative FVIII:C levels in all
normal) irrespective of the baseline level. They were highly effective-patients after concentrate infusion. As early as in 1963, Biggs and
three fourths of the bleeding episodes required only one dose \phtthewd® demonstrated that normal levels of FVIII:C are the main
concentrate to be controlled, and no treated patient required alternagjggerminants of surgical hemostasis in VWD, regardless of whether the
therapy for control of hemorrhage. Patients with type 3 VWD needethfeeding time is corrected.
larger number of infusions per bleeding episode than patients with type 1 Treatment with concentrates was generally well tolerated. Two
or 2 VWD; doses were higher and intervals between infusions wesgtients had reduced in vivo recovery, suggestive of alloantibody
shorter. These differences likely reflect more severe disease in thegghation, though this was not documented in either of them. It has been
patients. Numbers of infusions needed to control bleeding were gre@glimated, based on 2 relatively large surveys, that alloantibodies to
for musculoskeletal and genitourinary bleeding than for gastrointestingjyr develop in 7.5% and 9.5% of patients with type 3 V\AfIDne
and nasopharynx bleeding. These clinical observations provide inforrgatient in the current study contracted B19 parvovirus infection after
tion and guidelines not previously available for treating patients wififusion of the solvent/detergent-treated preparation. B19 is not lipid-
enveloped and is, therefore, resistant to inactivation by solvent deter-
gent?® The virus is also highly thermoresistant, so heat treatment does
No. procedures  Not afford additional protectioft.B19 infection is a well-known risk for
all currently manufactured plasma coagulation prociidist it has not

Table 6. Prophylaxis during surgery or invasive procedures for 39 patients

Description of procedure

Dental extractions (1 to 10 teeth) 16
Dental scaling/root planing 6 been reported to be associated with serious clinical consequences when
Gastroscopy/colonoscopy (3 with biopsy samples) 10 transmitted by factor concentraf&&/enous thromboembolic complica
Invasive vascular procedures 8 tions developed in 2 patients, though it was mild in 1 and involved an
Laparoscopic surgery 5 arm vein phlebitis in the site of infusion of A-SD. In the second patient, a
Abdominal laparotomic surgery 4 41-year-old man, the development of deep vein thrombosis after surgery
Orthopedic surgery K perhaps resulted from his previous orthopedic operation that led to poor
Ear, nose, and throat surgery 2 mobilization in the postoperative period. There is also a possible
Inguinal hernial repairs . 2 contributing role for the high postoperative levels of factor VI, known
Pulmonary procedures (percutaneous lung aspiration, .

thoracentesis) ) to be arisk factor for venous thromboemboli&m.
Urologic procedures 2 In conclusion, for the first time, patients with VWD were treated
Dermatologic procedures (superficial tumor removal) 2 with the same prospectively defined regimens for b|96ding epi'

Miscellaneous procedures (hemorrhoidectomy,

sodes and prophylaxis for surgical or invasive procedures, and

enteroclysis, cervical excision) 3 dosages were based on the VWF rather than on the FVIII content of
Total 71* the preparations. This is also the first study to analyze the efficacy
Total no. infusions 298 of the dosages used to treat patients with various subtypes of VWD
Median no. infusions per procedure (range) 3.0(1-18) by bleeding site, to analyze treatment intervals, and to provide evidence
Median WF-RCof dosage (1U/kg) that surgery for VWD patients can be safely undertaken even if the
;'nfus'on (range) ) 00(20°79) bleeding time does not correct. Therefore, patients with VWD who do
or more infusions combined (range) 40 (10-75)

not respond to desmopressin can now be treated effectively using this

concentrate, obviating the need to use cryoprecipitate. At the moment, it
Median treatment interval was measured from preceding infusion, across should not be extrapolated from this study that other available FVIII/

allinfusions. . .
*Intention to treat population. One patient had 2 orthopedic procedures canceled VWE concentrates would behave in the same manner. Two prospective

studies with similar designs are being conducted in Europe and the

Median treatment interval (range) 24 (1.3-721)

after concentrate administration.
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United States, and they should provide information in the near futuBraul, Lisa Potter, Roger Davies, and Sarah Broadhurst for
about the use of other FVIII/VWF concentrates. monitoring the study; Bob Warnock and Keith Gregg for statistical
analyses; Henry Eran for supplying the gel electrophoresis of A-SD
and A-SD/HT; and Mary Darahdgian for support and excellent
administrative assistance. Even though the database of this study
We thank the staff of the Pathology Specialty Services, Specisiiis kept by Alpha Therapeutics, all the authors had full access to
Coagulation Laboratory, Miami, FL; Patrick Gallagher, Cherythe data at any time during the study.
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Center, Chicago; Juan Chediak, Betty Maxey, University of Miami, FL; John Arkansas Children’s Hospital, Little Rock; David L. Becton, Berlinda
Byrnes, Marlies Ledford, East Tennessee Comprehensive Hemophilia CertgAdory, The Medical Center of Central Massachusetts, Worcester;
Knoxville; Wahid T. Hanna, Cherys Zimmerman, George Washington Universioreen B. Brettler, Patricia Forand, University of Missouri, Columbia;
Medical Center, Washington, DC; Craig M. Kessler, Carolyn Francis, Universilyasrollah Hakami, Priscilla Lanigan, Manchester Royal Infirmary, United
of Kentucky Medical Center, Lexington; Ewa J. Marciniak, Susan Petersdtingdom; Charles R. M. Hay, Janet Goldstone, Long Island Jewish Medical
University of California at Davis, Sacramento; Jerry S. Powell, Janet Harris@enter, New Hyde Park, NY; Richard A. Lipton, Christine Pece, Children’s
Brigham & Women’s Hospital, Boston, MA; Bruce M. Ewenstein, CaroNational Medical Center, Washington, DC;Naomi L. C. Luban, Susan
Sweeney, Children’s Hospital Medical Center of Akron, OH; Carl E. Krill, JrShannan, The Royal Free Hospital, London, United Kingdom; John Pasi,
Elizabeth Miller, University of Colorado Health Sciences Center, Denve€hristine A. Lee, loana Nitu, University of Oklahoma Children’s Hospital
Sally P. Stabler, Sheryl Giambartolomei, St Michael's Medical Centeof Oklahoma, Oklahoma City; Charles L. Sexauer, Sara Hawk, Children’s
Newark, NJ; Alice J. Cohen, Bebet Navia, University of Louisville, KY;Mercy Hospital, Kansas City, MO; Brian M. Wicklund, Ann Mehrhof,
Benjamin Djulbegovic, Mary Marasa, The Milton S. Hershey Medicahlpha Therapeutic Corporation, Los Angeles, CA; Anastassios Retzios,
Center, Hershey, PA; M. Elaine Eyster, Sara Neagley, Children’s HospitBlarbara Kapelan, Patrick Gallagher, and Richard S. Schwartz (Consultant),
Los Angeles, CA; Jonathan Goldsmith, Robert Miller, Oxford Radcliffédlpha Therapeutic Corporation, Los Angeles, CA.
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