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Abstract 

The impact of consolidation on response rates and PFS has recently been demonstrated after 
induction and autotransplantation upfront in Multiple Myeloma (MM). We further showed that 
patients in ≥VGPR following the intensification procedure benefited most from consolidation. 
Question remains as to the benefit of consolidation for patients in PR at completion of induction – 
feature of partial resistance to the induction regimen. 
We collected data from 54 newly diagnosed MM treated with VTd-auto-VTd regimen that reached 
only PR at completion of the induction procedure.  
Overall, 37 patients (68%) improved depth of response (≥VGPR) at completion of consolidation, 
including 35% that reached CR and 38% solely related to consolidation. Of patients that remained 
on PR or improved depth of response after ASCT, 26% and 38% further responded to consoli-
dation, respectively. With a median follow-up of 36 months, improved depth of response trans-
lated into lower relapse rate compared with patients remaining in PR, 19% vs. 36%. This difference 
was more striking in patients that reached CR vs. others, 8% and 38%, respectively (p=0.039). The 
median TTP was prolonged in patients that improved depth of response after consolidation 
(p=0.012), with a 3-year TTP of 87% vs. 18% otherwise. In multivariate analysis, lack of improved 
depth of response to consolidation independently predicted shorten median TTP [OR=4.4, 
95%CI=1-21; p=0.039], with elevated LDH and beta2m, and adverse FISH.  
This study shows that VTd consolidation should be recommended to patients solely on PR at 
completion of induction with VTd, feature of lower sensitivity to VTd. 
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Introduction 
The high-dose therapy plus autologous stem cell 

transplantation (ASCT) procedure following a 
debulking induction regimen remains the standard of 
care for transplant eligible patients with multiple 
myeloma (MM) upfront [1-3]. Achievement of com-
plete response (CR) or at least very good partial re-
sponse (VGPR) at the end of the ASCT procedure was 
considered one of the key features for improved out-
come [4-6]. Nevertheless, MM remains an incurable 
disease, characterized by a high relapse rate, and 
several strategies were developed to increase the 
VGPR plus CR rate, including improvements in the 
induction regimen and the recent development of the 
concept of consolidation and/or maintenance phases 
post ASCT [3, 7].  

We and others have recently demonstrated the 
impact of consolidation on response rates and pro-
gression free survival (PFS) after induction and ASCT 
in MM upfront [8, 9]. We have thus showed that pa-
tients in ≥VGPR following the intensification proce-
dure benefited most from consolidation [10]. We ob-
served that patients in CR at completion of consolida-
tion had a greater median TTP (95%CI) : not reached 
versus (vs) 27 months (25;29) for VGPR, respectively 
(p<0.0001), and less than 16 months for patients with 
PR and lower responses. Several questions remain 
regarding the consolidation phase, the number of cy-
cles, whether all patients should receive consolida-
tion, and when a tandem ASCT would improve the 
efficacy of consolidation. 

Currently, the concept of consolidation endorse 
use of the same regimen as for induction, and in that 
setting, the bortezomib triplet-based regimen VTd 
(bortezomib – thalidomide – dexamethasone) is con-
sidered the standard of care for induction and con-
solidation in France. The use of the same regimen in 
consolidation as in the induction phase, or at least the 
same platform (i.e. bortezomib in most of the studies 
reported so far), is of concern particularly to patients 
that experienced serious side effects during the in-
duction stage, or those who did not benefit from the 
induction.  

It seems logical to use a similar regimen in con-
solidation as in induction if the patient reached at 
least VGPR – as a marker of the sensitivity of myelo-
ma clones to the treatment regimen, although one 
might consider complete response as the sole marker 
of the sensitivity of tumoral cells to drugs – and also 
because the safety profile of the regimen would then 
be known to the patients at time of consolidation. On 
the other hand, it seems more controversial whether 
the consolidation-based regimen should be the same 
regimen as in induction in patients that solely reached 
PR at completion of the induction – patients present-

ing indeed with features of partial resistance to the 
induction regimen. 

We aimed to assess the efficacy and safety of 
VTd as consolidation therapy in patients that reached 
solely PR at completion of induction with VTd regi-
men, followed by a single ASCT (VTd-auto-VTd 
regimen).  

Material and Method  
Patients. This retrospective multicentre study 

has included 121 newly diagnosed MM patients eli-
gible for ASCT upfront and aged less than 65 years, 
from 2009 to 2011, across 9 IFM centers. Patients were 
treated with VTd-auto-VTd regimen (VTd-auto-VTd), 
which consisted of 4 induction cycles and 2 consoli-
dation cycles of VTd [bortezomib I.V. 1.3 mg/m² on 
days 1, 4, 8, and 11, thalidomide 100 mg/day admin-
istered orally, and dexamethasone 40mg weekly ad-
ministered orally]. All patients underwent ASCT with 
high dose melphalan 200mg/m² as conditioning 
regimen. The patients must have completed the pro-
cedure.  

We then focused on the 54 patients that reached 
PR at completion of VTd induction.  

The study was approved by the ethics committee 
of CHRU of Lille, France and was conducted in ac-
cordance with the principles of the Declaration of 
Helsinki. 

Statistical Analysis. Descriptive data were col-
lected for all patients. All response rates were deter-
mined according to IMWG criteria [11]. Duration of 
response was calculated from the date of the first re-
sponse to the date of progression. All survival end 
points were evaluated through the Kaplan-Meier es-
timates and compared through the Log-rank test. The 
estimate of the relative risk of event, and its 95% con-
fidence interval (95%CI) were estimated through 
proportional hazard model. All analyses were done 
with the SPSS 15.0 software. 

Results  
Patients. In this series of 54 patients, the median 

age was 57 years, the sex ratio was 1,35, 58% had ISS 2 
and 3, 25% had adverse FISH, including t(4;14) 
and/or del17p. The characteristics of the patients are 
summarized in Table 1. 

Improvement of the quality of response with 
consolidation. Overall, 37 patients (n=37/54, 68%) 
improved depth of response (at least VGPR) at com-
pletion of consolidation (in relation to transplantation 
and consolidation) in this series, including 33% 
(18/54) and 35% (19/54) that reached VGPR and CR, 
respectively. Respectively 57% (31/54) and 30% 
(16/54) of patients improved the depth of response 
after ASCT (at least VGPR) and after consolidation (at 
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least VGPR if PR after ASCT, or CR if VGPR after 
ASCT). Response rates are summarized in Table 2. 

 

Table 1. Patients characteristics in the global cohort of 121 
patients and specifically in the extracted cohort of 54 patients that 
solely reached PR at completion of induction. 

 VTd-auto-VTd 
(N = 121) 

PR at comple-
tion of Induction 
(N = 54) 

Age, median (range) 57 (39-66) 57 (44-66) 
Gender, M/F ratio 1.3 1.35 
ISS 2+3, n (%) 66 (54) 32 (58) 
Adverse FISH*, n (%) 21 (24) 14 (25) 
Clearance creatinine < 40 
mL/min, n (%) 

14 (12) 8 (15) 

Hemoglobin < 10 g/dL, n (%) 37 (31) 24 (43) 
Platelet < 100 x109/L, n (%) 2 (2) 0 
Plasmacytoma +EMD, n (%) 19 (16) 9 (16) 
Eleveted serum LDH value, n (%) 22 (13) 5 (9) 
Serum Beta 2m ≥5mg/L, n (%) 47 (21) 13 (23) 
ISS. International staging system for MM; *Adverse FISH. Includes del17p and/or 
t(4;14); EMD. Extramedullary disease. 

 
 

Table 2. Response rates at completion of consolidation according 
to responses after ASCT in patients that solely reached PR after 
induction (N = 54). 

  Efficacy after Consolidation 
Efficacy after ASCT n PR VGPR CR 
PR 23 17 3 3 
VGPR 25  15 10 
CR 6   6 
 Total 17 18 19 
PR. Partial response ; VGPR. Very good partial response; CR. Complete response; n. 
number 

 
 
We then focused on the 23 patients that re-

mained in PR at completion of ASCT, in order to dif-
ferentiate improvement of the quality of response that 
might be related to ASCT and/or to consolidation 
from that only attributable to consolidation. Out of the 
patients that remained on PR after ASCT, 26% (6/23) 
further improved the depth of response (at least 
VGPR) at completion of consolidation. We then stud-
ied patients that improved depth of response follow-
ing ASCT (n=25 as 6 patients reached CR), and similar 
to the former studied group, out of the patients that 
improved depth of response to VGPR following 
ASCT, 38% (10/25) further improved to CR at com-
pletion of consolidation.  

Improved quality of response translates into 
prolonged response duration. The median duration 
of response was 14 (IQ 8;19) months for the cohort of 
54 patients that solely reached PR at completion of 
induction, independently of whether they benefited 
from ASCT and/or consolidation. We then studied 

the median duration of response according to whether 
patients improved further the depth of response to 
ASCT and to consolidation. We first observed that the 
median duration of response was 12 months (8;16) 
versus 16 months (11;21) (p=0.043) in patients that 
remained on PR at completion of ASCT versus those 
who improved depth of response with ASCT, inde-
pendently of whether patients benefited or not from 
consolidation. We then looked at the median duration 
of response at completion of consolidation, 12 months 
(8;16) versus 16 months (13;21) (p=0.024) for patients 
that remained on PR at completion of consolidation 
versus those who improved depth of response, re-
spectively ; and 13 months (8;17) versus 17 months 
(13;21) (p=0.053) for patients who did not reached CR 
versus those who reached CR at completion of con-
solidation.  

Consolidation decreased the relapse rate and 
improved survival free of myeloma in our series. 
With a median follow-up of 36 months, 30% and 11% 
of patients had relapsed and died in this series, re-
spectively. As expected, the relapse rate was 41% and 
11% for patients that did not further improved the 
depth of response versus those that improved at 
completion of consolidation (p=0.027). This difference 
was even more striking when it came to compare the 
patients that reached CR at completion of consolida-
tion versus the others, 8% and 38%, respectively 
(p=0.039). Amongst patients that remained on PR 
after ASCT, 36% of patients relapsed versus 19% in 
patients that further improved depth of response fol-
lowing ASCT (p=ns). 

The median TTP was not reached for the cohort 
as a whole, and the 3-year TTP was 75%. The median 
TTP was prolonged in patients that further improved 
depth of response after ASCT versus those who re-
mained on PR after ASCT, without reaching signifi-
cance. The median TTP was 26 months (95%CI 13-38) 
in patients that did not benefit from consolidation 
versus not reached yet for the second group (p=0.012), 
with a 3-year TTP of 18% and 87%, respectively (Fig-
ure 1A) ; and 26 months (95%CI 20-31) versus not 
reached yet for patients who did not reach CR versus 
those who reached CR at completion of consolidation 
(p=0.034), with a 3-year TTP of 31% and 88%, respec-
tively (Figure 1B). The PFS showed similar trends as 
to the TTP (data not shown). The median OS was not 
reached in all groups, and the 3-years OS was ap-
proximately 75%. 

These data speaks to the importance of ASCT 
and consolidation to improve the depth of response as 
it correlates to a lower relapse rate and prolonged TTP 
and PFS, irrespective to the response at induction, PR 
or better. This should however be confirmed in larger 
studies, given that these data concern only 54 patients. 
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Multivariate analysis confirmed the absence of 
improved depth of response to consolidation as an 
independent prognostic factor for shorten TTP and 
PFS. In univariate analysis, the variables that short-
ened TTP were high serum beta2microglobulin 
greater than 5,5mg/L (p=0.014), adverse FISH 
(p=0.05), elevated serum LDH (p<0.0001), absence of 
improved depth of response following ASCT 
(p=0.022) and absence of improved depth of response 
following consolidation (p=0.012).  

In multivariate analysis, amongst patients that 
only partially responded to induction regimen, the 
most powerful predicators of short TTP and PFS were 
high serum LDH [OR = 4.7, 95%CI = 2-37, p = 0.005], 
high serum beta2m ≥ 5,5 mg/L [OR = 4.0, 95%CI = 
1-13, p = 0.005], adverse FISH [OR = 3.0, 95%CI = 1-15; 
p = 0.005] and absence of improved depth of response 
to consolidation [OR = 2.4, 95%CI = 1-21; p = 0.039]. 
Multivariate analysis demonstrated similar trend for 
PFS as to the TTP (data not shown). These data should 
however be interpreted with caution, considering the 
small number of patients and the limited number of 
events. 

 
 

 
Figure 1. Median TTP at completion of consolidation phase according to 
(A) improved depth of response; (B) obtaining CR. 

Safety profile. The safety profile of VTd con-
solidation in this population of patients that poorly 
benefited from VTd induction regimen at completion 
of induction was similar to that reported in other 
studies regarding consolidation, with no excess of 
toxicity. The incidence rate of hematological adverse 
events of grade 3 and 4 was less than 5%, with no ex-
cess in non-hematological adverse events related to 
consolidation in that population of myeloma poorly 
sensitive to the induction regimen, and which regi-
men was the basis of the consolidation regimen. 

Discussion  
The main goal of post-ASCT consolidation is to 

improve the quality (the depth) of the response 
achieved with induction therapy and high-dose mel-
phalan, with the objective to improve the CR rate 
prior to stop treatment or to start maintenance de-
pending on countries. The improved quality (depth) 
of response at completion of consolidation then pro-
longs the duration of the first response, further de-
laying relapse and allowing an extension of the pro-
gression-free survival (PFS). Possibly, future studies 
will demonstrate a prolonged overall survival (OS) 
with longer follow-up. 

Prior to the availability of novel agents, the main 
consolidation strategy was the use of a second ASCT 
in a tandem fashion [3, 12], proposed particularly to 
patients that did not reached VGPR at completion of 
ASCT. More recently, novel agents have been as-
sessed as consolidation therapy post-ASCT [9]. Cavo 
and al. confirmed these findings, showing an in-
creased CR rate from 49% to 61% after consolidation, 
and a prolonged PFS, with two cycles of VTd com-
pared to 2 cycles of Td, but in the context of a tandem 
ASCT procedure upfront [8]. Other studies have been 
conducted since, and found similar results in terms of 
improved quality of response and prolonged PFS after 
consolidation with immunomodulatory drugs or 
bortezomib based associations. Upgraded rates of CR 
and CR-nCR have indeed been reported with 
post-ASCT use of monotherapy with bortezomib or 
lenalidomide [13, 14], or VTd as consolidation [8-10]. 
The consolidation strategy remains however a matter 
of debate in the field of myeloma upfront in trans-
plant eligible patients. It is especially not yet deter-
mined whether consolidation should be offered to all 
patients or a particular group of patients. Previous 
studies indeed suggest that consolidation benefits 
most to patients who have already obtained a very 
good partial response or better after induction and 
ASCT, that is to say, patients who showed good sen-
sitivity to chemotherapy [8, 10]. However, no data 
was available regarding the role of VTd consolidation 
in the context of patients poorly sensitive to borte-
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zomib-triple based VTd induction regimen followed 
by a single ASCT. 

In this study, we showed an improved response 
rate at completion of VTd consolidation in 68% of 
patients that only partially responded to the induction 
VTd regimen. Most patients improved depth of re-
sponse after ASCT (57%), but even amongst patients 
that remained in PR after ASCT – thus presenting no 
benefit from transplantation – 30% of patients further 
improved depth of response (at least VGPR) after 
consolidation. Interestingly, we found that 35% of 
patients in PR after induction and VGPR after ASCT 
further achieved CR after consolidation. This im-
proved quality of responses translated into a pro-
longed duration of response, a lower relapse rate and 
a prolonged PFS. This data suggest that VTd consoli-
dation should be recommended to all responders in 
the context of a VTd-auto-VTd regimen upfront, in-
cluding patients in PR after induction or even after 
ASCT, despite their presumed lower sensitivity to the 
VTd regimen. The VTd consolidation indeed benefits 
to all patients by helping improving the depth of re-
sponse. 

We did not find any unexpected adverse event, 
and there were no excess of toxicity with VTd con-
solidation in this population of patients less respon-
sive and that one might have considered more frail. 
The most frequent adverse events were hematological 
toxicity, neuropathy and thrombo-embolic events, at 
acceptable rates, and with no increased incidence 
during consolidation and no known safety concern of 
long term treatment-based toxicity such as the occur-
rence of secondary primary malignancies (SPMs). 

Overall, several studies have demonstrated the 
benefit of a novel agent-based consolidation therapy 
post ASCT in multiple myeloma, but the optimal 
consolidation regimen remains to be determined. 
Further trials are currently addressing this question 
such as the BMT CTN 0702 phase 3 study, that ran-
domized patients after a first ASCT to either no con-
solidation, consolidation with novel agents, or a se-
cond ASCT. 

Conclusion  
This study showed an improved response rate in 

relation to the VTd consolidation phase in 68% of pa-
tients that only partially responded to the VTd induc-
tion regimen, with a lower relapse rate and a pro-
longed PFS. This study demonstrates that VTd con-
solidation in the context of a VTd-auto-VTd regimen 
upfront should be recommended to all responders, 
including patients in PR characterized with a lower 
sensitivity to the VTd regimen. This is a further step in 
the optimization of novel agents, focused on achiev-

ing extended remissions and longer survival for pa-
tients with multiple myeloma. 
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