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ABSTRACT

We investigated the impact of subcutaneous versus intravenous bortezomib in the MM5 trial of the GermanSpeaking Myeloma Multicenter Group which compared bortezomib, doxorubicin, and dexamethasone with
bortezomib, cyclophosphamide, and dexamethasone induction therapy in newly diagnosed multiple myeloma.
Based on data from relapsed myeloma, the route of administration for bortezomib was changed from intravenous
to subcutaneous after 314 of 604 patients had been enrolled. We analyzed 598 patients who received at least one
dose of trial medication. Adverse events were reported more frequently in patients treated with intravenous bortezomib (intravenous=65%; subcutaneous=56%, P=0.02). Rates of grade 2 or more peripheral neuropathy were
higher in patients treated with intravenous bortezomib during the third cycle (intravenous=8%; subcutaneous=2%, P=0.001). Overall response rates were similar in patients treated intravenously or subcutaneously. The
presence of International Staging System stage III disease, renal impairment or adverse cytogenetic abnormalities
did not have a negative impact on overall response rates in either group. To our knowledge this is the largest study
to present data comparing subcutaneous with intravenous bortezomib in newly diagnosed myeloma. We show
better tolerance and similar overall response rates for subcutaneous compared to intravenous bortezomib. The
clinical trial is registered at eudract.ema.europa.eu as n. 2010-019173-16.

Introduction
Proteasome inhibition with bortezomib is a cornerstone in
the treatment of multiple myeloma (MM). Initially approved
as a single agent for the treatment of relapsed disease, bortezomib is used in frontline therapy for transplant-eligible and ineligible patients. Bortezomib prolonged progression-free
and overall survival as induction therapy in candidates for
autologous stem cell transplantation.1,2 In patients with
relapsed MM, Moreau et al. demonstrated with the randomized, prospective MMY-3012 study that subcutaneous (SC)
administration of bortezomib reduced toxicity without loss
of efficacy compared to the conventional intravenous (IV)
bolus injections.3,4 Limited data are available on toxicity and
efficacy of SC bortezomib as a combination partner in newly
diagnosed, transplant-eligible patients.5,6
The primary end-points of the randomized, prospective
MM5 phase III trial of the German-Speaking Myeloma
Multicenter Group (GMMG) were responses to VCD (bortezomib, cyclophosphamide, dexamethasone) compared to PAd
(bortezomib, doxorubicin, dexamethasone) induction therapy
with respect to high-quality remissions [very good partial
response or better (≥VGPR)] and progression-free survival.7
Based on the data published by Moreau et al., the route of

administration for bortezomib was changed from IV to SC in
both trial arms after 314 of the planned 504 patients had been
enrolled in the MM5 trial. By a protocol amendment the recruitment of 100 additional patients was decided to get comparable
group sizes for IV and SC bortezomib administration. We were,
therefore, able to perform the largest explorative analysis comparing toxicity and efficacy of IV and SC bortezomib in two different induction therapies for newly diagnosed MM.

Methods
Patients
Patients with newly diagnosed symptomatic MM according to
CRAB criteria8 were enrolled in the prospective, randomized, openlabel GMMG MM5 phase III trial (EudraCT n. 2010-019173-16) in 31
transplantation centers and 75 associated trial sites throughout
Germany. Patients with systemic AL-amyloidosis or peripheral neuropathy ≥ grade 2 (National Cancer Institute Common Terminology
Criteria for Adverse Events, NCI CTCAE, version 4.0) were excluded
(more detailed criteria are available at clinicaltrialsregister.eu). The
ongoing study is being performed in accordance with the Declaration
of Helsinki and the European Clinical Trial Directive (2005) and was
approved by the local ethics committees of all participating institutions.
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Study design
The trial was designed to assess two primary objectives: (i) the
non-inferiority of VCD to PAd induction therapy with respect to
rates of VGPR or better; (ii) the best treatment strategy with
regards to progression-free survival. Treatment was PAd or VCD
induction therapy, high-dose melphalan followed by autologous
stem cell transplantation as well as consolidation and maintenance
therapies with lenalidomide for 2 years or until complete response
(Figure 1). Recruitment of the final 604 patients was completed in
November 2013.

Induction therapy
Patients’ randomization was stratified by International Staging
System (ISS) stage.9 The patients were equally distributed in four
treatment arms to receive three cycles of PAd (bortezomib 1.3
mg/m2, days 1, 4, 8 and 11; doxorubicin 9 mg/m2 IV, days 1-4; dexamethasone 20 mg/day, orally, days 1-4, 9-12 and 17-20, repeated
every 28 days) or three cycles of VCD (bortezomib 1.3 mg/m2,
days 1, 4, 8 and 11; cyclophosphamide 900 mg/m2 IV; day 1, dexamethasone 40 mg/day, orally, days 1-2, 4-5, 8-9 and 11-12,
repeated every 21 days). After 314 patients had been enrolled, the
route of administration of bortezomib was changed from IV to SC
in February 2012.

Assessments
Adverse events were graded using the NCI CTCAE catalogue,
version 4.0. All CTCAE grade ≥3 adverse events were recorded as
were grade ≥2 infections, cardiac disorders, peripheral neuropathy
and thromboembolic events. Response after three cycles was evaluated according to International Myeloma Working Group recommendations, which were modified to include near complete
remission.10 Interphase fluorescence in situ hybridization analysis
was accomplished on CD138-purified plasma cells to identify
cytogenetic abnormalities. As described previously, deletion 17p,
t(4;14) and gain 1q21 >2 copies were defined as adverse cytogenetic abnormalities.11

Statistical analysis
Comparison of IV versus SC bortezomib in the PAd and VCD

regimens was performed after 604 patients had finished induction
therapy as of July 2014. An explorative analysis was based on the
safety population, which comprises all patients who received at
least one dose of trial medication. Adverse events associated with
induction are defined as adverse events during induction cycles
and within 30 days after the end of the last induction cycle and
prior to the start of mobilization. Adverse events are summarized
on a per patient basis with the highest CTC grade per site and
patient reported. A Fisher exact test was used to compare frequencies of adverse events and response rates. All P-values were twosided. P-values below 0.05 were considered statistically significant. Analyses were carried out with software R (R Foundation,
Vienna, Austria).

Results
Patients
Out of 604 randomized patients, six patients did not
receive the allocated trial medication and were excluded
from the safety population. In total, 296 patients were treated with PAd and 302 patients with VCD. In both arms 51%
of patients were treated with IV bortezomib (PAd n=150;
VCD n=154) and 46-47% with SC bortezomib (PAd n=140;
VCD n=140). Since route of administration was changed
during ongoing induction therapy, 14 patients were excluded from the current analysis. The CONSORT diagram for
the study is depicted in Figure 2. The patients’ baseline characteristics are summarized in Table 1.

Trial medication
In the PAd group 92% of IV-treated and 97% of SCtreated patients completed the scheduled three cycles. In
the VCD arm, 98% of both IV- and SC-treated patients
completed three cycles. Proportions of patients receiving
scheduled or delayed full dose trial medication and dose
modifications for bortezomib are reported in Online
Supplementary Table S1. Cumulative bortezomib doses
were significantly higher for SC-treated patients in both

Table 1. Baseline patients’ and disease characteristics.

PAD n. (%)
IV 150 (52)
Age
median (range)
> 65 years
Sex (female)
Body mass index (> 30 kg/m2)
Immunoglobulin
IgG
IgA
Bence Jones
Other
Creatinine (> 2 mg/dL)
LDH (>ULN)
ISS stage III
t(4;14)
Del17
+1q21 > 2 copies

VCD n. (%)
SC 140 (48)

IV 154 (52)

39 (26)
68 (45)
24 (16)

40 (29)
59 (42)
29 (21)

25 (16)
64 (42)
31 (20)

35 (25)
55 (39)
22 (16)

88 (59)
32 (21)
28 (19)
2 (1)
25 (17)
25 (17)
41 (27)
19 (13)
20 (13)
61 (41)

85 (61)
30 (21)
23 (16)
2 (1)
16 (11)
26 (19)
37 (26)
11 (8)
14 (10)
56 (40)

88 (57)
34 (22)
29 (19)
3 (2)
19 (12)
25 (16)
42 (27)
17 (11)
15 (10)
61 (40)

97 (69)
22 (16)
18 (13)
3 (2)
19 (14)
25 (18)
37 (26)
7 (5)
13 (9)
60 (43

59 (32 - 70)

SC 140 (48)
58 (33 - 70)

PAD: bortezomib / doxorubicin / dexamethasone; VCD: bortezomib / cyclophosphamide / dexamethasone; IV: intravenous; SC: subcutaneous; LDH: lactate dehydrogenase; ULN:
upper limit of normal; ISS: International Staging System; t: translocation; del: deletion.
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arms (median doses PAd: IV 27.6 mg / SC 28.9 mg; VCD:
IV 27.9 mg / SC 28.8 mg; P=0.04).

Safety and toxicity
Safety profiles of SC and IV bortezomib are shown in
Table 2. Grade ≥2 and ≥3 adverse events were reported
more frequently in patients treated with IV bortezomib
than in those treated with SC bortezomib (grade ≥2: 65%
versus 56%; grade ≥3: 55% versus 44%, respectively). In
detail, IV-treated patients more often developed grade ≥2
peripheral neuropathy during the last cycle of induction
therapy (8% versus 2%, P=0.001). There were no significant differences in reversibility of peripheral neuropathy
between SC- and IV-treated patients, since 36% of
patients in both groups showed no improvement of
peripheral neuropathy (Table 2). Furthermore, IV-treated
patients had significantly higher rates of gastrointestinal
events (10% versus 4%; P=0.006) as well as metabolic and
nutritional disorders (13% versus 5%; P=0.004). No significant differences were found for serious adverse events or
deaths related to induction therapy (Table 2).

Response
There were no significant differences in overall response
rates (defined as partial response or better) between IVand SC-treated patients in the PAd (IV=73%; SC=71%)
and VCD (IV=78%; SC=82%) groups (Table 3).
Analysis of high quality responses revealed that IV-treated patients in the VCD arm achieved higher rates of
≥VGPR than SC-treated patients (42% versus 29%,
P=0.02). Differences in rates of ≥VGPR did not reach statistical significance in the PAd arm (IV: 37% versus SC:
31%, P=0.39). The difference was particularly pronounced
in patients with adverse cytogenetic abnormalities (IV:
45% versus SC: 29%, P=0.05) (Table 3).
Subgroup analysis of patients with cytogenetic abnormalities, baseline creatinine values > 2mg/dL or ISS stage
III did not reveal significant differences in overall response
rates between patients treated with IV or SC bortezomib
in the two arms (Table 3).

Figure 1. Flow chart of the GMMG MM5 study. Patients were randomized to four treatment arms with either PAd (2 arms) or VCD (2 arms)
induction therapy and lenalidomide maintenance therapy either for 2
years or until complete remission was achieved. ASCT: autologous
stem cell transplantation; CR: complete response; nCR: near complete remission.
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Discussion
The present explorative analysis of the GMMG MM5
study is, to our knowledge, the largest comparison of IV
and SC bortezomib from a prospective trial in newly diagnosed MM. We confirm data presented by Moreau et al.
for relapsed disease.3 We also observed reduced toxicity
and non-inferiority in terms of overall response rate. The
presence of ISS stage III disease, renal impairment or cyto-

Table 2. Summary of adverse events, serious adverse events and
deaths.

Adverse event

Any ≥ grade 2
Infections and infestations
Cycle 1
Cycle 2
Cycle 3
Blood and lymphatic system disorders
Cycle 1
Cycle 2
Cycle 3
Hematotoxicity
Anemia
Leukopenia
Thrombocytopenia
Metabolic and nutritional disorders
Cycle 1
Cycle 2
Cycle 3
Gastrointestinal disorders
Cycle 1
Cycle 2
Cycle 3
Peripheral neuropathy
Cycle 1
Cycle 2
Cycle 3
Grading of neuropathy
grade 2
grade 3
grade 4
Outcome of neuropathy per patient*
not resolved
improved
other
duration in days (median + range)

IV n (%)

SC n (%)

P

198 (65)
77 (25)
41 (14)
27 (9)
13 (5)
49 (16)
36 (12)
17 (6)
11 (4)

156 (56)
54 (19)
28 (10)
22 (8)
13 (5)
30 (11)
20 (7)
13 (5)
10 (4)

0.02
0.09
n.s.

22 (7)
72 (24)
17 (6)
38 (13)
24 (8)
11 (4)
10 (4)
30 (10)
18 (6)
11 (4)
5 (2)
35 (12)
5 (2)
7 (2)
23 (8)

12 (4)
57 (20)
13 (5)
15 (5)
11 (4)
4 (1)
5 (2)
11 (4)
4 (1)
4 (1)
3 (1)
23 (8)
7 (3)
10 (4)
5 (2)

26 (9)
9 (3)
0 (0)

19 (7)
4 (1)
0 (0)

0.06
n.s.

n.s.

<0.01
n.s.

<0.01
<0.01
n.s.
0.21
n.s.
<0.01
n.s.

15 (36)
9 (36)
n.s.
22 (52)
10 (40)
5 (12)
6 (24)
26 (7-243) 66 (20-229)

Serious adverse event

IV n (%)

SC n (%)

P

Any
Infections and infestations
Gastrointestinal disorders
Musculoskeletal / connective tissue
Renal and urinary disorders
Cardiac disorders
Deaths during induction therapy

88 (29)
33 (11)
18 (6)
9 (3)
8 (3)
5 (2)
4 (1)

77 (28)
34 (12)
8 (3)
7 (3)
5 (2)
6 (2)
3 (1)

0.71
n.s.

Any adverse event affecting at least 10% of patients is shown, as is hematotoxicity.
Adverse events CTCAE grade ≥3 were recorded as were grade ≥2 infections and peripheral neuropathy. With regards to serious adverse events, the five most reported are
shown. IV: intravenous; SC, subcutaneous; n.s., not significant. *Evaluation of outcome
was not summarized on a per patient basis in contrast to general adverse event assessment, i.e. patients who developed new symptoms after resolved neuropathy were
recorded again. Statistically significant differences are shown in bold.
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genetic abnormalities at initial presentation did not have a
negative impact on overall response rate in either SC- or
IV-treated patients.
Early phase I trials of bortezomib in relapsed MM identified gastrointestinal as well as metabolic disorders (e.g.
hypokalemia, hyponatremia) and peripheral neuropathy
as dose-limiting toxicities.12,13 In our current study we
demonstrate that these adverse events can be reduced by
SC administration of bortezomib, which is in line with
data from Moreau et al.3 (MMY-3021 trial). Although this
trial is especially known for demonstrating a reduction of
peripheral neuropathy with the use of SC bortezomib, the
study also showed a reduction of gastrointestinal adverse
events in accordance with our data.
Differences in peripheral neuropathy between SC- and
IV-treated patients became evident in the last (third) cycle
of induction therapy. An explanation for this finding is the
cumulative dose-dependent occurrence of peripheral neuropathy in IV-treated patients.14 In MMY-3021 the cumulative bortezomib dose was also linked to the incidence of

peripheral neuropathy in SC-treated patients. However,
for the same dose, peripheral neuropathy was less frequent with SC bortezomib than with IV bortezomib.3
Because peripheral neuropathy leads to dose reductions, in
our study and in MMY-3021 cumulative doses were higher in SC-treated patients than in IV-treated ones.3 An
explanation for reduced rates of peripheral neuropathy
despite higher cumulative doses after SC administration is
that maximum bortezomib plasma concentrations are
lower than after IV bolus injections.15,16 Since recent studies
identified tumor and host factors associated with susceptibility for bortezomib-induced neuropathy,17,18 the decisive factor remains uncertain. These studies underline that
drug exposure alone does not determine the occurrence of
bortezomib-induced peripheral neuropathy.
Thrombocytopenia is the most frequent dose-limiting
hematologic toxicity of bortezomib.13 Contrary to the
MMY-3021 study that showed reduced thrombocytopenia in SC-treated patients,3 no difference in grade ≥3
thrombocytopenia or any other hematologic toxicity was

Patients not receiving
allocated intervention:
- no confirmed diagnosis of
multiple myeloma (n=1)
- myocardial infarction (n=1)
-death (n=1)
-randomized to PAd
treated with VCD (n=1)

Patients not receiving
allocated intervention:
- consent withdrawn (n=2)
- non-compliance (n=1)

6 excluded due to
mixed application

8 excluded due to
mixed application

Figure 2. CONSORT diagram
of the GMMG MM5 trial.
Overall 604 patients were randomly assigned to four treatment arms with either PAd (2
arms) or VCD (2 arms) induction therapy. Analysis comparing IV with SC bortezomib in
both arms was performed on
the safety population which
comprises all patients receiving at least one dose of allocated trial medication. Six
PAd-treated and eight VCDtreated patients were excluded from the analysis since the
treatment protocol was violated and route of administration
was changed during ongoing
induction therapy.

Table 3. Summary of treatment response after induction therapy.

PAd n. (%)
All
≥ PR
≥ VGPR
nCR/CR
Baseline creatinine ≥ 2 mg/dL
≥ PR
≥ VGPR
nCR/CR
ISS stage III
≥ PR
≥ VGPR
nCR/CR
Adverse cytogenetic abnormalities
≥ PR
≥ VGPR
nCR/CR

VCD n. (%)

IV
109 (73)
55 (37)
34 (23)

SC
99 (71)
44 (31)
25 (18)

P
0.79
0.39
0.38

IV
120 (78)
64 (42)
41 (27)

SC
115 (82)
40 (29)
20 (14)

P
0.39
0.02
0.01

15 (60)
10 (40)
4 (16)

9 (56)
7 (44)
3 (19)

1.00
1.00
1.00

15 (79)
12 (63)
9 (47)

16 (84)
9 (47)
2 (11)

1.00
0.51
0.03

25 (61)
15 (37)
8 (20)

23 (62)
13 (35)
7 (19)

1.00
1.00
1.00

28 (67)
17 (41)
9 (21)

30 (81)
15 (41)
7 (19)

0.20
1.00
1.00

52 (71)
33 (45)
20 (27)

42 (67)
18 (29)
12 (19)

0.58
0.05
0.31

54 (82)
29 (44)
15 (23)

56 (86)
19 (29)
12 (19)

0.63
0.10
0.67

Overall response rates (partial response or better) as well as rates of ≥VGPR and (near) complete remission are shown for the whole study population. Subgroup analysis was
performed for patients with renal impairment (baseline creatinine values ≥ 2 mg/dL), high tumor burden (ISS III) and adverse cytogenetic abnormalities. PAd: bortezomib / doxorubicin / dexamethasone; VCD: bortezomib / cyclophosphamide / dexamethasone; IV: intravenous; SC: subcutaneous; ≥PR: partial response or better; ≥VGPR: very good partial
response or better; nCR: near complete remission; CR: complete remission; ISS: International Staging System.
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observed in the current study. The comparison is hampered since patients in MM5 had no prior exposure to
cytotoxic agents.
Our current study confirmed that overall response rates
are not lower in patients treated with SC bortezomib than
in those treated with IV bortezomib. The highest overall
response rate among all analyzed subgroups was seen in
patients treated with SC bortezomib and VCD.
Furthermore, we showed for the first time that overall
response rates in SC-treated patients are not influenced by
the presence of adverse cytogenetic abnormalities, ISS stage
III or renal impairment. In contrast to the results of MMY3021 we observed lower rates of ≥VGPR in patients treated
with SC bortezomib and VCD. This is also in contrast to
findings of recent observational studies that incorporated
SC bortezomib into VTD (bortezomib, thalidomide, dexamethasone) or VCD induction therapy.5,6 In both non-comparative studies, which included small numbers of patients
(n=31 and n=22),5,6 rates of ≥VGPR exceeded 50% and were
comparable to those of previously published trials of the
VTD regimen with IV bortezomib.19-21 In both studies and
MMY-3021 response was assessed after four cycles, while
in MM5 only three cycles of induction therapy were administered. Several phase II and phase III trials of bortezomibbased induction therapies reported higher rates of ≥VGPR
after four to six cycles.22 The reduced toxicity of SC bortezomib demonstrated in the current study enables prolonged
pre-transplant treatment to achieve higher rates of ≥VGPR,
which is an important predictor of survival after autologous
stem cell transplantation.23
The issue concerning combination partners in bortezomib-based induction therapies also remains controversial.1,22 The MM5 trial was the first phase III trial to show
non-inferiority of two different bortezomib-based induction therapies with respect to rates of ≥VGPR.7
Additionally, VCD was shown to have a better toxicity
profile than PAd.7 We, therefore, recommend VCD as
induction therapy before autologous stem cell transplantation. Immunomodulatory drugs, such as thalidomide and
lenalidomide,24 are frequently used as combination partners in bortezomib-based induction therapies. Data on SC

References
1. Moreau P, Richardson PG, Cavo M, et al.
Proteasome inhibitors in multiple myeloma: 10 years later. Blood. 2012;120(5):947959.
2. Sonneveld P, Goldschmidt H, Rosiñol L, et
al. Bortezomib-based versus nonbortezomib-based induction treatment before
autologous stem-cell transplantation in
patients with previously untreated multiple
myeloma: a meta-analysis of phase III randomized, controlled trials. J Clin Oncol.
2013;31(26):3279-3287.
3. Moreau P, Pylypenko H, Grosicki S, et al.
Subcutaneous versus intravenous administration of bortezomib in patients with
relapsed multiple myeloma: a randomised,
phase 3, non-inferiority study. Lancet
Oncol. 2011;12(5):431-440.
4. Arnulf B, Pylypenko H, Grosicki S, et al.
Updated survival analysis of a randomized
phase III study of subcutaneous versus
intravenous bortezomib in patients with
relapsed
multiple
myeloma.

968

bortezomib incorporated into both regimens are limited
and so far no phase III trial has addressed the comparison
of conventional chemotherapy or an immunomodulatory
drug as a combination partner for bortezomib. Data from
the IFM 2013-04 trial (NCT trial n. 01971658) in newly
diagnosed MM comparing VTD with VCD induction therapy will shed new light on this important issue. In both
trial arms patients will receive SC bortezomib.
There are limitations to the present analysis, since the
MM5 trial was not designed to prospectively evaluate toxicity and efficacy of IV and SC bortezomib in PAd or VCD.
Furthermore, longer follow-up is needed to evaluate
whether lower rates of ≥VGPR in SC-treated patients will
lead to differences in progression-free and overall survival
after autologous stem cell transplantation and lenalidomide consolidation / maintenance therapy.
In conclusion, compared to IV bortezomib, SC bortezomib in PAd and VCD induction therapy reduced toxicity and achieved similar overall response rates, regardless
of whether adverse prognostic factors such as ISS stage III
disease, renal impairment or cytogenetic abnormalities
were present at initial diagnosis.
Acknowledgments
The authors thank the investigators, the study nurses and all
members of the study teams at the participating GMMG trial
sites, the teams of the myeloma research laboratory, the FISH
laboratory and the central laboratory at the University Hospital
Heidelberg, the coordination centers for clinical trials (KKS) in
Heidelberg and Leipzig, the pharmacies at the trial sites and,
most importantly, the participating patients and their families.
Funding
The GMMG MM5 Trial (EudraCT n. 2010-019173-16) is
supported by grants from Janssen-Cilag, Celgene, Chugai and
The Binding Site.
Authorship and Disclosures
Information on authorship, contributions, and financial & other
disclosures was provided by the authors and is available with the
online version of this article at www.haematologica.org.

Haematologica. 2012;97(12):1925-1928.
5. Lok A, Mocquard J, Bourcier J, et al.
Subcutaneous bortezomib incorporated
into the bortezomib-thalidomide-dexamethasone regimen as part of front-line therapy in the context of autologous stem cell
transplantation for multiple myeloma.
Haematologica. 2014;99(3):e33-34.
6. Brioli A, Zannetti BA, Zamagni E, et al.
Peripheral neuropathy induced by subcutaneous bortezomib-based induction therapy
for newly diagnosed multiple myeloma.
Haematologica. 2014;99(11):e242-243
7. Goldschmidt H, Duerig J, Bertsch U, et al.
GMMG MM5 trial in newly diagnosed
multiple myeloma to evaluate PAd vs VCD
induction prior to high dose treatment followed by lenalidomide consolidation and
maintenance – final analysis on induction
therapy. Blood. 2013; 122(21):3369-3369
8. Kyle RA, Rajkumar SV. Criteria for diagnosis, staging, risk stratification and response
assessment of multiple myeloma.
Leukemia. 2009;23(1):3-9.
9. Greipp PR, San Miguel J, Durie BG, et al.

10.

11.

12.

13.

14.

International staging system for multiple
myeloma. J Clin Oncol. 2005;23(15):34123420.
Durie BG, Harousseau JL, Miguel JS, et al.
International uniform response criteria for
multiple
myeloma.
Leukemia.
2006;20(9):1467-1473.
Neben K, Lokhorst HM, Jauch A, et al.
Administration of bortezomib before and
after autologous stem cell transplantation
improves outcome in multiple myeloma
patients with deletion 17p. Blood.
2012;119(4):940-948.
Aghajanian C, Soignet S, Dizon DS, et al. A
phase I trial of the novel proteasome
inhibitor PS341 in advanced solid tumor
malignancies. Clin Cancer Res. 2002;8(8):
2505-2511.
Orlowski RZ, Stinchcombe TE, Mitchell
BS, et al. Phase I trial of the proteasome
inhibitor PS-341 in patients with refractory
hematologic malignancies. J Clin Oncol.
2002;20(22):4420-4427.
Richardson PG, Sonneveld P, Schuster MW,
et al. Reversibility of symptomatic periph-

haematologica | 2015; 100(7)

Subcutaneous bortezomib in myeloma

eral neuropathy with bortezomib in the
phase III APEX trial in relapsed multiple
myeloma: impact of a dose-modification
guideline. Br J Haematol. 2009;144(6):895903.
15. Moreau P, Coiteux V, Hulin C, et al.
Prospective comparison of subcutaneous
versus intravenous administration of bortezomib in patients with multiple myeloma.
Haematologica. 2008;93(12):1908-1911.
16. Moreau P, Karamanesht II, Domnikova N,
et al. Pharmacokinetic, pharmacodynamic
and covariate analysis of subcutaneous versus intravenous administration of bortezomib in patients with relapsed multiple
myeloma. Clin Pharmacokinet. 2012;51
(12):823-829.
17. Broyl A, Corthals SL, Jongen JL, et al.
Mechanisms of peripheral neuropathy
associated with bortezomib and vincristine
in patients with newly diagnosed multiple
myeloma: a prospective analysis of data
from the HOVON-65/GMMG-HD4 trial.
Lancet Oncol. 2010;11(11):1057-1065.

haematologica | 2015; 100(7)

18. Tacchetti P, Terragna C, Galli M, et al.
Bortezomib- and thalidomide-induced
peripheral neuropathy in multiple myeloma: clinical and molecular analyses of a
phase 3 study. Am J Hematol. 2014;89(12):
1085-1091.
19. Cavo M, Tacchetti P, Patriarca F, et al.
Bortezomib with thalidomide plus dexamethasone compared with thalidomide plus
dexamethasone as induction therapy
before, and consolidation therapy after,
double autologous stem-cell transplantation in newly diagnosed multiple myeloma:
a randomised phase 3 study. Lancet.
2010;376(9758):2075-2085.
20. Rosiñol L, Oriol A, Teruel AI, et al.
Superiority of bortezomib, thalidomide, and
dexamethasone (VTD) as induction pretransplantation therapy in multiple myeloma: a randomized phase 3 PETHEMA/GEM
study. Blood. 2012;120(8):1589-1596.
21. Moreau P, Avet-Loiseau H, Facon T, et al.
Bortezomib plus dexamethasone versus
reduced-dose bortezomib, thalidomide

plus dexamethasone as induction treatment
before autologous stem cell transplantation
in newly diagnosed multiple myeloma.
Blood. 2011;118(22):5752-5758.
22. McCarthy PL, Hahn T. Strategies for induction, autologous hematopoietic stem cell
transplantation, consolidation, and maintenance for transplantation-eligible multiple
myeloma patients. Hematology Am Soc
Hematol Educ Program. 2013;496-503.
23. Moreau P, Attal M, Pégourié B, et al.
Achievement of VGPR to induction therapy is an important prognostic factor for
longer PFS in the IFM 2005-01 trial. Blood.
2011;117(11):3041-3044.
24. Roussel M, Lauwers-Cances V, Robillard N,
et al. Front-line transplantation program
with lenalidomide, bortezomib, and dexamethasone combination as induction and
consolidation followed by lenalidomide
maintenance in patients with multiple
myeloma: a phase II study by the
Intergroupe Francophone du Myélome. J
Clin Oncol. 2014;32(25):2712-2717.

969

