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Background
Defibrotide is a novel orally bioavailable polydisperse oligonucleotide with anti-thrombotic
and anti-adhesive effects. In SCID/NOD mice, defibrotide showed activity in human myelo-
ma xenografts. This phase I/II study was conducted to identify the most appropriate dose of
defibrotide in combination with melphalan, prednisone and thalidomide in patients with
relapsed and relapsed/refractory multiple myeloma, and to determine its safety and tolerabili-
ty as part of this regimen.

Design and Methods
This was a phase I/II, multicenter, dose-escalating, non-comparative, open label study. Oral
melphalan was administered at a dose of 0.25 mg/kg on days 1-4, prednisone at a dose of 1.5
mg/kg also on days 1-4 and thalidomide at a dose of 50-100 mg/day continuously. Defibrotide
was administered orally at three dose-levels: 2.4, 4.8 or 7.2 g on days 1-4 and 1.6, 3.2, or 4.8 g
on days 5-35.   

Results
Twenty-four patients with relapsed/refractory multiple myeloma were enrolled. No dose-lim-
iting toxicity was observed. In all patients, the complete response plus very good partial
response rate was 9%, and the partial response rate was 43%. The 1-year progression-free sur-
vival and 1-year overall survival rates were 34% and 90%, respectively. The most frequent
grade 3–4 adverse events included neutropenia, thrombocytopenia, anemia and fatigue. Deep
vein thrombosis was reported in only one patient.

Conclusions
This combination of melphalan, prednisone and thalidomide together with defibrotide showed
anti-tumor activity with a favorable tolerability. The maximum tolerated dose of defibrotide
was identified as 7.2 g p.o. on days 1-4 followed by 4.8 g p.o. on days 5-35. Further trials are
needed to confirm the role of this regimen and to evaluate the combination of defibrotide with
new drugs (ClinicalTrials.gov Identifier: NCT00406978).
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Introduction

Multiple myeloma causes up to 16,000 deaths per year,
and 12,000 in the USA.1 For approximately 50 years, the
combination of melphalan with prednisone was the refer-
ence therapy for elderly patients with multiple myelo-
ma.2,3 Recently, however, the addition of thalidomide or
bortezomib or lenalidomide to the standard melphalan
plus prednisone combination has changed the treatment
paradigm for elderly patients with multiple myeloma.4-12
In five independent, randomized studies, response rates
and progression-free survival were significantly better in
patients treated with the combination of melphalan, pred-
nisone and thalidomide than in those given melphalan and
prednisone.4-9 In a phase III study, a four-drug combina-
tion, bortezomib-melphalan-prednisone-thalidomide,
doubled the complete response rate in comparison to that
achieved with bortezomib-melphalan-prednisone alone.10
Other agents may potentially enhance the therapeutic
index of the melphalan, prednisone and thalidomide com-
bination.
Defibrotide is a polydeoxyribonucleic acid derivative13

which targets endothelial cell damage and is used for the
treatment of various vascular disorders.14,15 In vitro data
indicate that it may have anti-myeloma activity, especial-
ly in combination with other anti-neoplastic drugs; it
markedly sensitizes multiple myeloma cells to cytotoxic
agents and overcomes resistance to chemotherapy.16,17
Defibrotide potently down-regulates heparanase, which is
overexpressed in multiple myeloma plasma cells and is
also correlated with progression and metastasis in solid
tumors.18 Moreover, defibrotide counteracts the alter-
ations of fibrinolytic factors in microvascular endothelial
cells and may protect against thomboembolic events.19
The aim of this phase I/II study was to identify the most
appropriate dose of defibrotide in combination with mel-
phalan, prednisone and thalidomide in patients with
relapsed or relapsed/refractory multiple myeloma, and to
determine its safety and tolerability as part of this regi-
men. 

Design and Methods

Patients
From March through November 2006, 24 patients with multiple

myeloma were enrolled. Inclusion criteria were: relapsed or
relapsed and refractory disease after at least one or two lines of
therapy, measurable disease, platelet count of 90¥109/L or greater,
absolute neutrophil count of 1¥109/L or greater, corrected serum
calcium 3.5 mmol/L or less, serum hepatic aminotransferase levels
2.5-fold or less, of upper limit of normal, total bilirubin 1.5-fold or
less of the upper limit of normal, and creatinine clearance of 20
mL/min or greater. Patients agreed to use contraception. The insti-
tutional review board at each participating center approved the
study and all patients provided written informed consent.

Study design and Treatment
This was a phase I/II, multicenter, dose-escalating, non-compar-

ative, open label study. Oral melphalan was administered at the
dose of 0.25 mg/kg on days 1 to 4, prednisone at the dose of 1.5
mg/kg on days 1 to 4, and thalidomide at doses ranging from 50
to 100 mg/day continuously on days 1-35. Defibrotide (PROCI-
CLIDE Gentium S.p.A.) was administered either intravenously
(i.v.) or orally (p.o.) on days 1 to 4 and orally on days 5 to 35 for

six cycles. Three different dose levels of defibrotide were tested.
Dose level 1 was 17 mg/Kg i.v. or 2.4 g p.o. on days 1 to 4, fol-
lowed by 1.6 g p.o. on days 5 to 35. Dose level 2 was 34 mg/Kg
i.v. or 4.8 g p.o. on days 1 to 4, followed by 3.2 g p.o. on days 5 to
35. Dose level 3 was 51 mg/Kg i.v. or 7.2 g p.o. on days 1 to 4, fol-
lowed by 4.8 g p.o. on days 5 to 35. For each dose-level, the first
two patients enrolled in the study received defibrotide i.v. on days
1 to 4; all the others then received defibrotide orally. After induc-
tion, patients received maintenance therapy including oral defi-
brotide (1.2 g/day) and thalidomide (50 mg/day) continuously
until disease progression, or any unacceptable toxicity. All patients
received antibiotic prophylaxis, but no other anti-thrombotic pro-
phylaxis was administered.  
Occurrence of grade 4 hematologic toxicities (except neutrope-

nia), grade 4 neutropenia for 7 days or more or any non-hemato-
logic toxicities of grade 3 or more were defined dose-limiting tox-
icity.

Efficacy and safety
Efficacy was assessed after each induction cycle and every 6-8

weeks thereafter utilizing EBMT criteria and International
Myeloma Working Group criteria to assess very good partial
response.20,21 Toxicities were estimated weekly during the first
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Table 1. Patients’ characteristics.
N. patients 23
Age, median (range) 69 (48-89)
Sex, n. (%)
Male 13 (57)
Female 10 (43)

Durie-Salmon myeloma staging system, n. (%)
IIA 2 (9)
IIB 2 (9)
IIIA 19 (82)

Myeloma protein class, n. (%)
IgG 14 (61)
IgA 5 (22)
Light chain only 4 (17)

International Staging System, n. (%)   
I 7 (30)
II 7 (30)
III 4 (17)
Data missing 5 (22)

Karnofsky performance status, n. (%)
60-70 2 (9)
80 9 (39)
90-100 12 (52)

Bone marrow plasmocytosis > 30 %, n. (%)   7 (30)
β2-microglobulin > 3.5 mg/L, n. (%)   11 (48)
Hemoglobin < 10 g/dL, n. (%)   10 (43)
Platelet count < 150x109/L, n. (%)   10 (43)
Absolute neutrophil count < 1.50x109/L, n. (%)   6 (26)
Serum creatinine > 2 mg/dL, n. (%)   1 (4)
Serum calcium > 2.6 mmol/L, n. (%)   4 (17)
Skeletal lesions > 3, n. (%) 10 (43)
Prior lines of treatment, n. (%)
One 18 (78)
Two 5 (22)

Prior treatment, n. (%)
Stem cell transplantation 11 (48)
Conventional chemotherapy 11 (48)
Thalidomide-based regimen 3 (13)
Bortezomib-based regimen 3 (13)



three cycles of treatment, every 15 days during the last three
cycles, and every 6-8 weeks during maintenance.
Progression-free survival was calculated from the time of enroll-

ment to the date of progression, relapse, death or when the patient
was last seen in remission. Overall survival was estimated from
the date of enrollment to the date of death or the date when the
patient was last known to be alive. All adverse events were grad-
ed according to the National Cancer Institute Common Toxicity
Criteria (version 3.0).22

End-points and statistical analysis
The primary safety end-points were to define dose-limiting tox-

icities, which included febrile neutropenia, or grade 4 hematolog-
ic toxicities with neutropenia for 7 days or more, or any grade 3
non-hematologic toxicity in more than 30% of patients during the
first cycle of therapy. The maximum tolerated dose was then
defined as the dose level prior to that resulting in dose-limiting
toxicity. The primary efficacy end-point was a minimal response

rate of 55% or better. Secondary efficacy end-points included pro-
gression-free survival and overall survival. All patients meeting eli-
gibility criteria who completed the first cycle of therapy were eval-
uated for response, toxicity and survival. The time-to-event analy-
sis was conducted using the Kaplan-Meier method,23 with compu-
tations performed by STATGRAPHICS, Centurion software, ver-
sion 15.2.14 (Statpoint Technologies, Inc.). 

Results

The patients’ characteristics are shown in Table 1. As
regards prior therapies, 48% of patients underwent stem
cell transplantation, and another 48% were treated with
conventional chemotherapy. One patient developed rap-
idly progressive disease at the time he entered the study,
causing his death before the end of the first cycle, and pre-
cluding evaluation. The remaining 23 patients were evalu-
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Table 2. Adverse events.
Defibrotide dose level Total  n=23 Grade 1-2 Grade 3 Grade 4

Events 1 2 3
Patients Patients Patients Number of patients (%)

N % N. % N. %
8 35 8 35 7 30

Hematologic events
Neutropenia 8 35 7 30 5 25 20 (87) 6 (26) 9 (39) 5 (22)
Thrombocytopenia 4 17 5 22 6 26 15 (65) 6 (26) 6(26) 3(13)
Anemia 5 22 3 13 6 26 14(61) 12(52) 0 2(9)
Infective
Upper airways 1 4 2 9 1 4 4 (17) 4 (17) 0 0
Infection/bronchitis
Pneumonia 2 9 0 0 1 4 3(13) 1(4) 1(4) 1(4)
Fever of unknown origin 0 0 2 9 2 9 4(17) 4(17) 0 0
Skin 1 4 1 4 0 0 2 (9) 2 (9) 0 0
Constitutional
Fatigue 5 22 4 17 1 4 10 (43) 8 (35) 2 (9) 0
Dermatological
Rash 1 4 1 4 0 0 2 (9) 2 (9) 0 0
Dry skin 1 4 1 4 0 0 2 (9) 2 (9) 0 0
Ulceration 1 4 1 4 0 0 2 (9) 2 (9) 0 0
Gastrointestinal
Diarrhea 3 13 2 9 1 4 6 (26) 6 (26) 0 0
Constipation 4 17 4 17 2 9 10 (43) 10 (43) 0 0
Cardiovascular
AMI non-Q 0 0 1 4 0 0 1 (4) 0 0 1 (4)
Congestive 1 4 0 0 0 0 1 (4) 0 1 (4) 0
heart failure
Edema 2 9 1 4 0 0 3 (13) 3 (13) 0 0
Deep vein 0 0 1 4 0 0 1(4) 0 1 (4) 0
thrombosis
Urological
Urinary frequency, 3 13 0 0 0 0 3 (13) 2 (9) 1 (4) 0
Incontinence
Neurological
Peripheral 4 17 6 26 2 9 12 (52) 12 (52) 0 0
sensory neuropathy
Motor neuropathy 1 4 0 0 0 0 1(4) 0 1(4) 0
Ataxia 1 4 0  0 0 0 1(4) 0 1(4) 0
Tremor 1 4 1  4 0  0 2 (9) 2 (9) 0 0
Somnolence 3 13 0  0 0 0 3 (13) 3 (13) 0 0
Metabolic
Hyperglycemia 1 4 0 0 1 4 2 (9) 0 2 (9)



able for safety and efficacy. 
At dose levels 1, 2 and 3 of defibrotide, no dose-limiting

toxicity was observed during the first cycle. At dose level 1,
one patient developed grade 3 congestive heart disease
(cycle 1), grade 3 fatigue, ataxia and motor neuropathy
(cycle 2), and grade 3 interstitial pneumonia (cycle 6), all of
which were considered unrelated to defibrotide; one
patient experienced grade 4 neutropenia (cycle 1). At dose
level 2, three patients experienced grade 4 neutropenia
(cycles 1-2), and one had a grade 4 cardiologic adverse event
(non-Q acute myocardial infarction) (cycle 1), also consid-
ered unrelated to defibrotide. At dose level 3, one patient
required a delay in treatment administration because of per-
sistent neutropenia, and one patient developed progressive
disease (cycle 1). Dose level 3 of defibrotide was, therefore,
defined as the maximum tolerated dose.  
At the time of analysis, all patients had completed the

assigned treatment period; 12 of the 23 patients did not
complete the assigned six cycles because of progressive
disease or non-response to treatment (10 patients), an
adverse event (1 patient; grade 4 cardiac ischemic
episode), or intercurrent illness (1 patient; concomitant
anaplastic astrocytoma). Two patients completed the
assigned six cycles of treatment, but did not start the
maintenance therapy because of progressive disease (1
patient) and the episode of unrelated grade 3 congestive
heart disease plus interstitial pneumonia described above
(1 patient).

Efficacy 
The overall response rate in the whole group of patients

was 52%, including partial response and complete plus
very good partial response rates of 43% and 9%, respec-
tively. Twenty-two percent of the patients had a minimal
response, another 22% had no response and disease pro-
gression occurred in the remaining 4%. In 90% of the
responding patients, a partial response occurred within
the first two cycles (69% after the first cycle and 22%
after the second). The median time from diagnosis to
study entry was 52 months. The median duration of fol-
low-up from study entry was 30 months (range, 26-34
months). The 1-year progression-free survival was 34%,
with a median of 10 months (Figure 1A). From time of
enrollment in the study, the 1-year overall survival rate
among all patients was 90%, with a median of 29 months
(Figure 1B). The median progression-free survival was 17
months in patients who achieved a complete or very good
partial response, and 11 months in those who achieved
only a partial response. 

Safety
No deaths were reported to have occurred as a conse-

quence of adverse events. The most frequent hematologic
grade 3-4 toxicities were neutropenia (61%) and thrombo-
cytopenia (39%). Granulocyte colony-stimulating factor
support was required in nine patients, recombinant
human erythropoietin support in three patients, concen-
trated red blood cell transfusion in three patients and
platelet transfusion in two patients. The most common
non-hematologic grade 3-4 adverse events included
fatigue, which occurred in two patients, and hyper-
glycemia, experienced by another two patients and attrib-
uted to glucocorticoids. Gastrointestinal adverse events
and peripheral neuropathy were manageable with thalido-
mide dose modification, and no grade 3 peripheral neu-
ropathy was seen. No thromboembolic prophylaxis was
administered in this study, and just one deep vein throm-
bosis was reported during the fifth cycle (for an overall
deep vein thrombosis rate of 4%). No major bleeding
occurred, and only one episode of minor bleeding
(hematoma of the arm) was reported (Table 2). The dose
of melphalan was reduced in two patients (9%) because of
grade 3 neutropenia and thrombocytopenia; the dose of
thalidomide was halved in five patients (22%) due to con-
stipation, tremor, paresthesia, hypoesthesia, somnolence,
confusion, bradycardia, or pneumonia. Ataxia, motor neu-
ropathy, and fatigue led to the discontinuation of thalido-
mide in one patient. Defibrotide was never discontinued,
and the dose was reduced in only one patient because of
the grade 2 hematoma described above.

Discussion

In this phase I/II study, we evaluated dosing, safety and
efficacy of the combination of melphalan, prednisone,
thalidomide and defibrotide in patients with advanced
multiple myeloma. The maximum tolerated dose of defi-
brotide was defined as 7.2 g p.o. on days 1-4 followed by
4.8 g p.o. on days 5-35. 
The combination of melphalan, prednisone and thalido-

mide was proven to be superior to the combination of
melphalan and prednisone in several independent ran-
domized trials.4-9 The melphalan, prednisone and thalido-
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Figure 1. (A) Progression-free survival. (B) Overall survival.
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mide combination was also found to be effective in
relapsed/refractory patients.25 The addition of bortezomib
to the melphalan and prednisone regimen gave clearly bet-
ter results than the melphalan and prednisone combina-
tion alone.12 Furthermore, the four-drug combination
bortezomib, melphalan, prednisone and thalidomide pro-
duced significantly higher response rates compared to
those of the three-drug bortezomib, melphalan and pred-
nisone regimen.10,26 However, toxicity and in particular
deep vein thrombosis and peripheral neuropathy are
major limitations of these regimens. This provided the
clinical rationale for investigating the consolidated mel-
phalan, prednisone and thalidomide regimen in combina-
tion with a fourth novel agent such as defibrotide. 
In our study, the complete plus very good partial

response rate was 9% and 52% of the series achieved a
partial response or better. While the very good partial
response rate in this study is lower than the 59% very
good partial response rate observed with the bortezomib,
melphalan, prednisone and thalidomide regimen, the
median progression-free survival of our patients was 10
months, with a comparable progression-free survival at 1
year of 61% in patients treated with bortezomib, melpha-
lan, prednisone and thalidomide,26 and a median progres-
sion-free survival of 9 months reported in a similar study
evaluating a combination of bortezomib, melphalan, dex-
amethasone and thalidomide.24
The main goals of this study were to determine

response rates, define the maximum tolerated dose of
defibrotide and reduce toxicity. In this regard, the low
rate of deep vein thrombosis, absence of significant
peripheral neuropathy  and clinical benefit seen with this
combination are encouraging. Further phase II studies
will now be needed to better define the combination’s
efficacy in larger numbers of patients treated at the max-
imum tolerated dose. Severe myelosuppression was
observed in 50% of patients, and infection occurred in
9% of patients. Neutropenia was the most common
adverse event, with  thrombocytopenia being less com-
mon. Severe non-hematologic side effects were rare,
except grade 1/2 fatigue and hyperglycemia in 9% of
patients. These results compare favorably with those of
two other studies of combinations including bortezomib,
melphalan, thalidomide, and corticosteroids, in which the
incidence of infection was 7% and 15% and significant
peripheral neuropathy developed in at least 6% and 10%

of patients, respectively.24,26 Of note, Echart et al. suggest-
ed a potential role of defibrotide for the prevention of
deep vein thrombosis specifically induced by thalido-
mide.19 In our study, no anti-thrombotic prophylaxis was
administered and the incidence of deep vein thrombosis
was only 4%. By comparison, deep vein thrombosis
occurred in about 10% of patients receiving melphalan,
prednisone and thalidomide, despite the use of enoxa-
parin as anticoagulant prophylaxis.8 These data, there-
fore, suggest a protective activity of defibrotide against
thrombotic events, and support future trials of defibrotide
in combination with thalidomide or other immunomod-
ulatory drugs, such as lenalidomide and pomalidomide.
In conclusion, treatment with defibrotide in combina-

tion with melphalan, prednisone and thalidomide was
associated with a low incidence of severe adverse events.
In the light of the ability of defibrotide to modulate
endothelial cell injury and thereby enhance sensitivity to
chemotherapy, further studies are warranted to assess
whether defibrotide can augment the cytotoxicity of mel-
phalan, prednisone and thalidomide in multiple myeloma,
while decreasing the risk of thrombosis.
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