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median duration of response of 8 (4-15) months. Out-
come was favorable in the cohorts receiving the two
highest dose levels. At present, the significance of chro-
mosomal aberrations (del 13) in bendamustine treatment
is not clear due to the low number of assessable subjects.
Of the several agents administered to heavily pretreated
patients, thalidomide has been studied most extensively
with documented response rates in patients after ASCT
ranging from 43 to 78%.5,6 However, thalidomide as well
as bortezomib and arsenic trioxide have been associated
with severe and sometimes disabling neurotoxicity and
thalidomide also with thromboembolic complications.7-9

We conclude that bendamustine 100 mg/m2 is associated
with considerable response rates and can be safely
administered to patients with first or even subsequent
relapse of multiple myeloma after high dose therapy. The
drug has a unique mechanism of cytotoxicity by down-
regulating PLK-1 (Polo-like kinase 1) and AurkA (Aurora
A kinase) avoiding cross-resistance with other alkylating
agents.10 This may, at least in part, explain its activity in
myeloma even after melphalan treatment has failed. 
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Disorders of Hemostasis

Immune tolerance induction with highly purified
plasma-derived factor VIII containing von
Willebrand factor in hemophilia A patients
with high-responding inhibitors

We retrospectively evaluated the efficacy of
immune tolerance induction (ITI) in a homogenous
cohort of eight patients with constitutive severe
hemophilia A with high-responding factor VIII
(FVIII) inhibitors using Facteur VIII-LFB/Factane®,
a highly purified FVIII concentrate containing von
Willebrand factor (VWF). 
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The development of factor VIII (FVIII) inhibitors is still
one of the most serious complications for hemophilia
patients, especially those who are high-responding.1 One
of the recognized therapies for overpowering high-
responding inhibitors involves permanent inhibitor sup-
pression, which may be achieved by immune tolerance
induction (ITI). FVIII concentrates containing von
Willebrand factor (VWF), the physiological FVIII stabilizing
protein, have been proposed to treat hemophilia A patients
with FVIII inhibitors.2 The rationale for their use is based
on experimental observations showing that VWF protects
against FVIII inactivation by FVIII antibodies,3 which were
confirmed in a mouse model of FVIII immunization, since
the absence of VWF carried an increased risk of eliciting
FVIII inhibitors.4 Even though the influence of VWF-con-
taining FVIII concentrates in ITI can only be ascertained
through a double-blind randomized study, it is of para-
mount importance to continue to fuel this very important
debate with new observations. 

The study drug is a very highly purified plasma-derived
FVIII concentrate (Facteur VIII-LFB) prepared by ion
exchange chromatography and including solvent-detergent
virus inactivation by the Laboratoire Français du Fraction-
nement et des Biotechnologies (LFB, Les Ulis, France). Its
main characteristics are specific activity exceeding 150 IU
of FVIII/mg of protein, and 14-20 IU of VWF/ml. As a con-
sequence, all FVIII molecules are found as complexes
bound to VWF. Detailed characteristics of the product have
been previously published.5 Since January 2001, this prod-
uct is nanofiltered and is manufactured under the name of
Factane® by LFB. 

To be included in the study, patients had to fulfill the fol-
lowing criteria: constitutive severe (<1% FVIII) hemophilia
A, with high-responding FVIII inhibitors (peak titer ≥5
BU),6 and an initial intention ITI attempted using the study
drug. The medical files of 11 unrelated patients were
recorded. They were collected from six hemophilia units in
France. A telephone enquiry was performed in the last
quarter of 2002 to locate centers in which patients had
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undergone ITI with the study drug. In each center, we
checked that all the patients were recruited. Monitoring
was carried out by a hematology fellow in four centers and
by sending standardized case-report forms to the remain-
ing two. 

ITI success was defined as an FVIII antibody titer <0.6
BU and FVIII recovery ≥0.66 IU/dL per IU/kg and/or a half-
life ≥6 hours.7 Partial success was defined as a titer >0.6 but
with <1 BU, making treatment with FVIII instead of FEIBA®

or NovoSeven® possible.
Three patients were excluded: one had baseline FVIII

levels of 7%, one had received recombinant FVIII at the ini-
tiation of ITI, and one had no follow-up information.
Therefore, eight patients were evaluated. Seven patients
were treated with Facteur VIII-LFB and patient 1 received
Factane®.

The relevant data for the eight patients are reported in
Table 1. The cohort was highly homogenous. All patients

but one were Caucasian, seven of the eight had an invert-
ed intron 22, and ITI was performed with the same drug.

The response to treatment was completely successful in
seven (87.5%) of our eight patients and led to the complete
disappearance of FVIII-inhibiting activity with a median ITI
duration of 8 months; treatment was partially successful in
patient 5 who relapsed after becoming inhibitor-free, albeit
with a low titer allowing treatment with FVIII concen-
trates. Since all eight patients had resumed FVIII treatment,
either on demand or as prophylaxis, we can consider that
the study drug was able to obtain 100% successful ITI. 

These results may be compared with those of a previous-
ly published French cohort of hemophilia A patients treat-
ed with one brand of recombinant FVIII. The cohort com-
prised seven patients with high-responding inhibitors. ITI
was completely successful in one patient, partially success-
ful in another, failed in one and was ongoing in four with a
follow-up ranging from 16 to 30 months.7

Table 1. Main data of the patients.

Patient Molecular Age at 1st Age at 1st Age at CED at Age at Pre- ITI Inhibitor titer (BU) ITI regimen Time to Final ITI
defect FVIII PRBC inhibitor inhibitor inhibitor product 1st Max Pre-ITI (dose IU/kg) <1BU values duration

infusion infusion detection detection treatment

1 inv int 22 9 mo. 1 yr mo. 1 yr 9 1 yr 3 mo Kogenate® 48 52 12 230/d×11 d I<0.3
(gastr. ulc.) 100/d×6/7 d×4 mo 93 d R=1.1 5 mo.

100/d, 3/7 d×3 mo T1/2=7.2

2 R2163H 2 d 4 yr 4 yr 3 mo. 81 4 yr 3 mo Factor clinical 21 ND 50/d×28 d ND I<0.3
3 mo. VIII LFB diagnosis 50/2 d×9 mo R=1.3 7 mo.

T1/2=7.0

3 inv int 22 8 yr 10 mo. 8 yr 9 yr 33 24 yr 6 mo Factor 1 30 <0.3 50/d×36 d ND I<0.3
10 mo. VIII LFB 50/2 d×110 d R=2.2 4.8 mo

T1/2=8.0

4 inv int 22 8 mo. 8 mo. 10 mo. 28 1 yr 8 mo Factor 24 24 8.5 50/d×81 d I<0.3
VIII LFB 50/2 d×156 d 75 d R=1.7 1 yr.

50/3 d×351 d T1/2=6.4

5 inv int 22 8 mo. − 8.5 mo. 7 9 mo Factor 0.85 14.5 14.5 150 IU/kg/d×2mo
VIII LFB 200 IU/kg/d×12mo I=0.8

110 IU/kg/d×3mo − R=1 3 yr.
75 IU/kg/d×1mo T1/2=5
50 IU/kg/d×2mo

6 inv int 22 1 yr 1 mo 1 yr 9 mo. 1 yr 10 mo. 21 3 yr 1 mo Factor 0.85 52 0.5 100/d×5 mo I<0.3
(ICH) VIII LFB 66/d×2 mo 142 d R=1.8 4.7 mo.

66/2 ×4 mo T1/2=7

7 inv int 22 6 mo 9 mo. 9 mo. 10 11 mo Factor 5 20 3.8 150/d×8 mo I<0.3
(ICH) VIII LFB 150/2 d×1.5 mo 216 d R=1.0 1 yr 11 mo.

90/2 d×4 mo T1/2=ND
40/2 d×10 mo

8 inv int 22 4 mo 4 mo. 5 mo. 16 1 yr 9 mo Factor 8.5 500 4 115 /d×50 d I<0.3
(ICH) VIII LFB 130/d×3 d 176 d R=2.0 10 mo.

130 6/7 d×94 d T1/2=17.0
200 3/7 d×5 mo

Mean − 1 yr 7 mo 2 yr 7 mo 2.3 yr 25.6 4.8 yr − 12.6 89.2 6.2 − 140 d − 12 mo.

Median − 8 mo 1 yr 3 mo 10.5 mo 18.5 1.7 yr − 5 27 4 − 142 d − 8 mo.

Inv int 22: inverted intron 22; PRBC: packed red blood cells; gastr. ulc.: gastric ulcer; ICH: intracerebral hematoma; CED: cumulative exposure days to FVIII;
BU: Bethesda units/mL; ND: not determined; I: inhibitor titer (BU); R: FVIII activity recovery (IU/dl per IU/kg); T1/2: half life (hour). Patient 1 was switched to
Factane® for ITI because of shortage of Kogenate®. Initial inhibitor titer was not available for patient 2. Inhibitor presence was diagnosed clinically based on treatment
inefficacy. ITI was started after an acute bleeding episode treated with saturation of FVIII antibodies. Therefore, the titer at ITI onset was not determined. Patient 3’s
inhibitor was undetectable when ITI was initiated because of a compressive hematoma of the hand, that required FVIII associated with high doses of corticosteroids;
no subsequent inhibitor re-increase was observed. Patient 7 received a first injection of Kogenate® and was treated thereafter with Facteur VIII LFB. 
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The suggestion of using FVIII preparations containing
VWF for ITI referred to intermediate purity FVIII.2 Notably,
we were able to show here that highly purified plasma-
derived FVIII containing VWF is also effective for ITI. 

The mechanisms responsible for successful ITI are still
being discussed. However, it has recently been shown that
high doses of FVIII could induce memory B-cell apoptosis
instead of their differentiation into antibody-secreting plas-
ma cells.8 Since isolated FVIII is degraded approximately
twice as efficiently as FVIII-VWF complexes via the low
density lipoprotein receptor-related protein,9 VWF might
contribute, through prolonged high FVIII levels and a mod-
ulation of FVIII immunogenicity,4 to the efficacy of ITI.
These properties can provide a rationale for preferring a
highly purified plasma-derived FVIII stabilized with VWF
for second-line ITI in patients with recombinant-FVIII ITI
failure or relapse, as previously suggested.10
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Stem Cell Transplantation

High incidence of cytomegalovirus reactivation in
adult recipients of an unrelated cord blood
transplant

This retrospective analysis of cytomegalovirus
(CMV)-seropositive adult transplant recipients
showed that CMV antigenemia occurred after
transplantation in 10/10 (100%) recipients of unre-
lated cord blood, 17/39 (43%) recipients of a relat-
ed matched donor graft, 16/23 (79%) recipients of
an unrelated matched donor graft, and 8/12 (67%)
recipients of a mismatched related donor graft.
These results suggest that unrelated cord blood
transplantation itself may be correlated with a high
incidence of CMV reactivation.
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Cytomegalovirus (CMV) infection is still a major con-
cern following allogeneic hematopoietic transplantation
because CMV pneumonia is fatal in 70% of patients,
even when treated with a combination of antiviral thera-
pies and CMV hyperimmune immunoglobulin.1 Allo-
geneic cord blood transplantation, especially from unre-
lated donors, has progressively gained favor as treatment
for patients with both malignant and non-malignant dis-
orders.2-4 As compared to allogeneic bone marrow trans-
plantation (BMT) and peripheral blood stem cell trans-
plantation (PBSCT), advantages of unrelated cord blood
transplantation (UCBT) include ease and safety of cell col-
lection, low risk of transmitting viral infections, prompt
availability of stem cells, and reduced incidence and sever-
ity of graft-versus-host disease (GVHD).2-4 The reduction
of GVHD after UCBT is likely due to the naïve state of
cord blood lymphocytes and the low cytotoxic capacity
of cord blood T cells.5 However, such immunological
immaturity after UCBT can place a patient at risk of early
infectious complications, accounting for most transplant-
related deaths, especially in adults.1,6 We have observed
that patients undergoing UCBT appear to be at increased
risk of CMV infection. 

Ninety-one consecutive adult patients who were CMV-
seropositive and received non-T-cell-depleted allogeneic
transplants at the Kanazawa University Hospital
between April 1999 and April 2004 were eligible for
inclusion in this study to evaluate CMV reactivation in
transplant recipients. Written informed consent was
obtained from all patients. Six patients died of regimen-
related toxicities before engraftment and one developed
primary graft rejection followed by autologous hemato-
poietic recovery. The remaining 84 patients had success-
ful initial engraftment and were included in the analysis.
The patients’ characteristics are given in Table 1. 

CMV antigenemia assays were carried out as previous-
ly described.7,8 In brief, heparinized blood samples were
fractionated by dextran sedimentation. Slides were pre-
pared in duplicate after cytocentrifugation; 1.5×105 leuko-
cytes were fixed with formaldehyde and stained with
HRP-C7 monoclonal antibodies that specifically bind the
pp65 antigen of CMV (Teijin, Tokyo, Japan). The degree
of CMV antigenemia was expressed as the number of
CMV antigen-positive cells per 5×104 leukocytes. For the
evaluation of CMV antigenemia, 5×104 leukocytes were




