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Abstract
Objective: In clinical trials, the combination of bortezomib, thalidomide, and dexamethasone (VTD) has shown
excellent results as induction treatment in patients with multiple myeloma. However, “real-life” data in unselected
Caucasian patients are lacking.
Methods: We retrospectively analyzed 41 patients treated with VTD between 2005 and 2014.
Results: Post induction, the overall response rate was 78%, with ≥very good partial response (≥VGPR) in 54%
and near complete/complete responses (nCR/CR) in 17% of the patients respectively. For patients proceeding to
autologous stem cell transplantation (ASCT), post-transplant rates were 96% ≥VGPR and 48% nCR/CR. Median
progression free survival (PFS) was 24 months and the estimated 1-year and 2-year overall survival (OS) rates were
95% and 76%, respectively. Subgroup analyses revealed significantly longer OS and PFS in patients with a ≥VGPR
as first response status compared to those with a <VGPR [OS 44 vs. 25 months (p=0.036); PFS 29.5 vs. 16 months
(p=0.011)], as well as in patients who underwent ASCT compared to not transplanted patients [OS 41 vs. 23.5
months (p=0.002); PFS 28 vs. 23 months (p=0.003)]. In 6 patients (15%) therapy was switched to another regimen
due to lack of response (<PR, n=4), cardiac decompensation (n=1) or prolonged neutropenia (n=1). Nonhematological grade III/IV toxicities were peripheral neuropathy (2%), infections (7%), herpes zoster (5%), and
thromboembolic events (2%). Dose reductions of thalidomide and/or bortezomib were necessary in 24% of the
patients because of peripheral neuropathy.
Conclusion: The VTD regimen was found to be a highly effective and well tolerated induction regimen for
multiple myeloma patients outside clinical trials.

Keywords: VTD; ASCT; Multiple myeloma; Induction therapy;
Toxicity

Introduction
The implementation of novel drugs, such as bortezomib,
thalidomide, and lenalidomide into induction regimens before highdose melphalan treatment (HDT) and autologous hematopoietic stem
cell transplantation (ASCT) has improved the survival of patients with
multiple myeloma (MM) [1,2]. The three drug combination of
bortezomib, thalidomide and dexamethasone (VTD) has shown
particularly high response rates, as well as the potential to even achieve
deep molecular remissions, and does not impair the mobilization and
collection of hematopoietic stem cells [3,4]. The aim of this
retrospective single center study was to evaluate the efficacy and
toxicity of VTD as an induction therapy for MM outside a clinical trial
in Caucasian patients.

Group (IMWG) criteria [5], received induction therapy with VTD,
consisting of bortezomib 1.3 mg/m² intravenously on days 1, 4, 8, and
11, oral dexamethasone 40 mg on days 1, 2, 4, 5, 8, 9, 11 and 12, and
oral thalidomide 100 mg daily in the evening.
All patients received low-molecular weight heparin and oral
antiviral prophylaxis. After three to four cycles of VTD, peripheral
blood progenitor cells (PBPC) were harvested after priming with GCSF 2 x 10 µg/kg over five days in patients scheduled for high-dose
therapy (mean of collected stem cells 7.22 x 106 /kg bodyweight)
without additional chemotherapy. Thalidomide was omitted in the last
cycle before PBPC mobilization to optimize stem cell yield [6]. For
these patients consolidation treatment consisted of 200 mg/m2
melphalan followed by reinfusion of PBPC. Routinely, no further antimyeloma treatment was given. Transplant ineligible patients received
VTD if a rapid response was required, e.g. due to renal insufficiency.

Patients and Methods

Sampling and evaluation of patients’ data was approved by the local
institutional ethics committee (vote number: UN3252) in accordance
with the principles of the Declaration of Helsinki.

Between October 2005 and June 2014, 41 adult patients aged
between 35 and 77 years, identified by a search in the local database
fraction of the Austrian Myeloma Registry, with symptomatic MM
requiring treatment according to the International Myeloma Working

The first response assessment was performed after three cycles of
VTD according to International Uniform Response Criteria for MM
[7] with the additional response category of nCR, defined as complete
disappearance of monoclonal protein on electrophoresis but positive
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immunofixation [8]. Toxicities were graded according to the
“Common Terminology Criteria of Adverse Events” (CTCAE v4.03)
[9].
Patients were allocated to high-risk or standard-risk groups
according to IMWG criteria [10]. High-risk cytogenetics were defined
as t(4;14), t(14;16) and/or del17p, all by fluorescence in-situ
hybridization (FISH) analysis of myeloma cells.
Statistical evaluation was performed using GraphPad PrismTM
software for Windows. All tests of statistical significance were twosided. Unpaired t-test and survival analysis (Log rank-test) were used
to identify differences between two groups.

Results
Patient characteristics
41 patients were treated with VTD. Table 1 summarizes the relevant
clinical data and disease characteristics. Data on cytogenetic
aberrations, detected by FISH on bone marrow plasma cells, were
available and informative in 71%; 9 patients (22%) had high-risk
cytogenetics with t(4;14), t(14;16) and/or del17p.
N = 41
Age at diagnosis

Sex

ISS

Immunoglobulin isotype

Karyotype

Cytogenetic risk group (by FISH)

In 28 patients (68%) PBPC were collected. The mean number of
collected CD34+ cells was 7.22 x 106 /kg bodyweight (range 2.13 x 106–
26 x 106 /kg). 25 patients received HDT and ASCT. The median of
VTD-cycles before ASCT was 4. 16 patients (39%) did not proceed to
ASCT due to age (n=4; 10%), comorbidity (n=5; 12%), mycobacterial
infection (n=1; 2%) or insufficient response (<PR, n=6; 15%). Postinduction, 64% of the transplant eligible 25 patients reached a ≥VGPR,
thereof 12% a CR (n=3), and 36% reached a PR (n=9). Three months
after ASCT the ORR was 100% with a ≥VGPR in 96% of the patients
48% CR/nCR (n=12), 48% VGPR (n=12) and 1 PR.
N = 41

%

No. of VTD-cycles (mean)

3

ORR

32

78

CR

6

15

nCR

1

2

VGPR

15

37

PR

10

24

MR

1

2

Stable disease

3

7

PD

5

12

%

Median age

58

Range

35-77

Male

29

71

Female

12

29

I

16

39

II

12

29

III

13

32

IgG

24

59

IgA

5

12

IgM

3

7

LC

9

22

Normal

8

20

Aberrant

28

68

Not reported

5

12

High risk*

9

22

Standard risk

27

66

N: Number of Patients; ISS: International Staging System; LC: Light chain
myeloma; FISH: Fluorescence In-Situ Hybridization. *High risk cytogenetics
defined as t(4;14), t(14;16) and/or del17p

Table 1: Clinical data and disease characteristics of the patients.

High response to VTD-induction therapy and comparison
before and after ASCT
Table 2a shows the results of VTD-induction therapy. The median
number of VTD-cycles applied was 3 (1-6 cycles). A ≥VGPR was
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achieved in 54% (n=22) of the patients and 24% (n=10) reached a
partial response (PR). A minor response (MR) was achieved in 1
patient. and a stable disease (SD) in 3 patients (7%), respectively,
whereas in 5 patients the disease progressed. Table 2b shows the
response rates of patients after VTD-induction therapy compared to
the results of other VTD-trials [11-15].

ORR: Overall Response Rate (≥PR); CR: Complete Response; nCR=Near
Complete Response; VGPR: Very Good Partial Response; PR: Partial
Response; MR: Minor Response; PD: Progressive Disease

Table 2a: Response rate after VTD-induction therapy according to the
International Myeloma Working Group response criteria [7].
References

Patient
s (n)

ORR
(%)

≥nCR
(%)

≥VGPR
(%)

PR (%)

MR/SD
(%)

Our patients

41

78

17

54

24

10

Cavo et al. [11]

236

93

31

62

31

7

Rosinol et al. [12]*

130

85

35

60

25

6

Moreau et al. [13]**

100

88

31

49

39

NR

al. 44

91

20

57

34

5

43

91

30

51

40

7

Kaufman
[14]***

et

Buda et al. [15]**

ORR: Overall Response Rate (≥PR); CR=Complete Response; nCR=Near
Complete Response; VGPR: Very Good Partial Response; PR: Partial
Response; MR: Minor Response; SD: Stable Disease; NR=Not Reported. *6
cycles VTD, **4 cycles VTD, ***median duration of VTD-induction: 4 cycles
(range 2-8 cycles).

Table 2b: Response rate after VTD-induction therapy compared with
the results of other VTD-trials.
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35 patients were evaluable for OS and PFS. 6 patients (15%)
discontinued VTD-induction due to lack of response (<PR, n=4),
cardiac decompensation (n=1) or prolonged neutropenia (n=1). At
data cut-off (May 31, 2014), the median follow-up was 32 months
(range 7-88). The median PFS was 24 months. The median OS has not
been reached, the estimated 1-year and 2-year OS rates were 95% and
76%, respectively. An analysis of PFS and OS according to the first
response status revealed significant differences between patients with a
≥VGPR (n=20; 57%) and patients with <VGPR (n=15; 43%) [OS 44 vs.
25 months (p=0.036); PFS 29.5 vs. 16 months (p=0.011)]. Significant
differences in OS and PFS were also evident in patients who
underwent ASCT (n=25; 71%) and patients who did not undergo
ASCT (n=10; 29%) [OS 41 vs. 23.5 months (p=0.002); PFS 28 vs. 23
months (p=0.003)]. Overall, there was no significant difference
regarding OS and PFS between cytogenetic high-risk (n=7; 20%) and
standard-risk patients (n=24; 69%). Median OS was 29 months in the
high-risk group vs. 40 month in the standard-risk group (p=0.27),
median PFS was 21 months (high-risk) vs. 28 months (standard-risk;
p=0.17). Results are shown in Figure 1A-C.

Toxicities and adverse events associated with therapy
Toxicities are shown in Table 3a. Peripheral neuropathy (PN) was
the most common adverse event. Severe infections as defined by
CTCAE v4.03 occurred in 3 patients (Mycobacterial infection n=1,
febrile neutropenia n=2). Two patients developed a herpes zoster
reactivation despite adequate prophylaxis. Hematological toxicities
grade III/IV were thrombocytopenia (n=3) and neutropenia (n=2). 2
patients had a thromboembolic event, of which one were grade III/IV
(catheter-associated thrombosis of the vena subclavian n=1, ischemic
stroke n=1). Table 3b shows the side effects of the patients compared
to the results of other VTD-trials [11-14].
Dose reductions of thalidomide and/or bortezomib were necessary
in 10 patients (24%) because of PN.
All grades

Grade III/IV

N = 41

%

N = 41

%

Herpes zoster

2

5

2

5

Infections (bacterial)

8

20

3

7

Peripheral neuropathy

18

44

1

2

Neutropenia

8

20

2

5

Thrombocytopenia

6

15

3

7

Thromboembolic events

2

5

1

2

Nausea

1

2

0

0

Table 3a: Adverse events associated with VTD therapy.
References

Infection
s (%)

Peripheral
neuropath
y (%)

Neutropeni
a (%)

Thrombo
cytopeni
a (%)

Thrombo
-embolic
events
(%)

Our patients

7

2

5

7

2

10

NR

NR

3

Rosinol et al. 21
[12]

14

10

8

12

Moreau et al. 10
[13]

3

0

3

2

Kaufman et al. 0
[14]

9

0

2

4

Cavo
[11]

Figure 1: Survival - results of subgroups of patients (patients). A)
Comparison of OS and PFS between patients with a ≥VGPR and
patients with a <VGPR; 35 patients. Both OS and PFS were
significantly longer in patients with a ≥VGPR (p values <0.05). B)
Comparison of OS and PFS between patients who underwent
ASCT (ASCT yes) or not (ASCT no); 35 patients. Both OS and PFS
were significantly longer in patients who underwent ASCT (p
values <0.05). C) Comparison of OS and PFS based on cytogenetic
risk groups (high-risk vs. standard-risk); 31 patients P values <0.05
indicate statistical significance (log rank). OS and PFS are time-toevents data. N=number of events/number of patients HR=Hazard
ratio.
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et

al. 3

NR: Not Reported.

Table 3b: Grade III/IV toxicities associated with VTD-induction
therapy - Comparison to the results of other VTD-trials.

Discussion
Various combinations of doublet, triplet and quadruplet regimes
including proteasome inhibitors, antracyclines, corticosteroids,
immune-modulatory drugs and alkylators, have been used for the
initial therapy of patients with MM before ASCT. Still, the optimal
choice of a regimen for initial therapy is yet not clear, but regimens
combining the most active class of drugs (proteasome inhibitors and
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immunomodulatory drugs) seem to be most logical therapeutic
backbones.
The aim of this retrospective study was to evaluate the response,
side effects, and the outcome of patients with MM using the VTDprotocol as induction therapy in unselected Caucasian patients outside
a clinical trial, thereby reflecting “real life” myeloma treatment.
Comparing our results to published data from clinical trials and
retrospective studies in which VTD was given as induction regimen
[11-15] (Table 2b), our data confirm that the VTD protocol is a very
effective induction regimen outside clinical trials. The observed ORR
in our cohort was 78%, with 17% of the patients reaching a CR/nCR,
and 37% of the patients reaching VGPR (54% ≥VGPR). These are
impressive results in an unselected patient cohort, due to excellent
disease control in a short period of time, which is in accordance with
published data on VTD-induction therapy [14].
For patients proceeding to ASCT, 12% of the patients reached a CR
and 64% a ≥VGPR. After ASCT, all but one patient (96%) reached
≥VGPR, thereof 48% a CR/nCR. Optimal response is considered a
prerequisite for long-term disease control [16]. Our post-transplant
results are similar to that of the large, randomized phase 3 GIMEMA
trial, which compared VTD and TD as a pre-transplant induction
therapy followed by double ASCT and further consolidation in
patients with newly diagnosed MM [11]. In this trial, 31% of the
patients who received induction therapy with VTD reached a CR/nCR,
and 62% achieved ≥VGPR. After ASCT-consolidation, rates of
CR/nCR and ≥VGPR were 52% and 79%, respectively. As the
GIMEMA trial used further post-transplantation VTD consolidation
only long-term results will proof the potential additional benefit of this
therapeutic element. Furthermore, Ladetto [17] and co-workers
reported persistent molecular remission with this approach arguing
for minimal residual disease (MRD) triggered allocation of therapies
in future clinical trials. Comparing VTD with TD and VBMCP/
VBAD/B, also the PETHEMA/GEM study showed similar results in
the VTD arm as we observed in our patients after ASCT [12]. The rate
of CR increased from 35% after VTD-induction therapy to 46% after
ASCT. Of note, our study represents data of an unselected patient
cohort.
In our patients the median PFS was 24 months. The median OS
from initiation of VTD induction had not been reached after a median
follow-up of 32 months, and the estimated 1-year and 2-year OS rates
were 95% and 76%, respectively. These data are comparable to the
retrospective data of Kaufman et al. (median follow-up 25 months;
PFS 27.5 months; 1-year OS rate 95%, 2-year OS rate 82%) [14].
Several studies suggest that the quality of response after induction
therapy is a predictor for survival time [18-21]. Consistently, our data
show significant differences in OS and PFS between patients with
initial response ≥VGPR and <VGPR (figure 1b).
In general, the VTD-regime is well tolerated [11]. The most
common non-hematological toxicity we observed was PN in 44% of
the patients (all grades n=18, grade III n=1), which is in accordance to
published toxicity data. However, only one patient (2%) developed a
PN grade III and no grade IV PN was observed. In the GIMEMA trial
10% of the patients had PN grade III/IV [11]. Kaufman et al. reported
similar results regarding the overall incidence of PN as we observed
(55%) [14]. In table 3a, additional grade III/IV toxicities associated
with VTD-induction therapy are shown. A dose reduction was
necessary in 24% of the patients due to development of PN. The
Intergroupe Francophone du Myelome (IFM) conducted a phase 3
trial comparing a reduced dose of bortezomib (1 mg/m² i.v. on days 1,
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4, 8 and 11 of a 3 week cycle) and thalidomide (100 mg/day) plus
dexamethasone (vtD) with the standard VD-regimen [13]. They could
show that in spite of adding thalidomide to the vD-group, there were
less cases of PN noticed as in the VD-regime group [13]. Another
strategy to improve tolerability of bortezomib was published first in
the MMY-3021 Phase III trial [22], where subcutaneous
administration of bortezomib in patients with relapsed MM showed a
non-inferior efficacy (ORR after induction in both groups 42%) and
low rates of PN compared to the intravenous administration of
bortezomib (PN all grades: s.c. 38% vs i.v. 53%). These results are
confirmed by a number of other prospective and retrospective studies
with subcutaneous bortezomib in diverse settings (Cavallo et al. [23]).
In summary, our data confirm VTD as an effective and well
tolerated induction therapy in unselected Caucasian patients with MM
outside clinical trials. Both tolerance (bortezomib s.c.) as well as
applicability of the regimen in elderly patients (bortezomib s.c./
weekly) might be further optimized to achieve even better treatment
results in more myeloma patients.
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