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Abstract
Objective: Lenalidomide-bortezomib-dexamethasone (RVD) is associated with a high-rate of response in newly
diagnosed multiple myeloma (MM). Autologous stem cell transplantation (ASCT) with high-dose melphalan conditioning
is a standard of care in MM. The impact of ASCT following RVD induction is not known. This study evaluates the impact
of ASCT following RVD induction therapy in MM.
Methods: Using our center’s transplant database, we identified 60 patients with newly diagnosed MM who underwent
RVD induction followed by ASCT in first response. We describe disease characteristics including International Staging
System (ISS) stage and cytogenetics, pre- and post-ASCT response, as well as progression-free survival (PFS) from time
of ASCT.
Results: The rate of paraprotein complete response prior to and following ASCT was 50% and 60%, respectively. Among
the 30 patients who did not achieve a paraprotein CR pre-ASCT, 14 (47%) patients had improved response post-transplant.
At a median follow-up of 23 months, 90% (90% CI: [81%, 95%]) of the patients were alive without progression 12 months
after transplant.
Conclusion: ASCT improves the rate of CR in patients with newly diagnosed MM who receive RVD induction therapy.
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1 Introduction
Multiple myeloma (MM) is a B-cell neoplasm characterized by proliferation of clonal plasma cells in the bone marrow and
extramedullary sites, and the associated clinical manifestations of lytic bone disease, hypercalcemia, renal impairment,
and cytopenias [1]. Regimens incorporating the immunomodulatory agents thalidomide and lenalidomide, and/or the
proteasome inhibitor bortezomib, are now important options for newly diagnosed disease [2-5].
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The combination of an immunomodulatory agent and a proteasome inhibitor as induction therapy is associated with a high
rate of overall and complete response [6, 7]. The rationale for these combinations derives from in vitro models
demonstrating synergistic anti-MM activity between the drug classes and an ability to overcome drug resistance [8]. In a
phase I/II study evaluating lenalidomide-bortezomib-dexamethasone (RVD) in newly diagnosed disease, the overall
response rate (ORR) was 100% including a rate of very good partial response (VGPR) or better of 67% and 74% in all
patients and the phase II population respectively [7].
Following induction therapy, patients who are transplant-eligible may undergo consolidation with high-dose melphalan
and autologous stem cell transplantation (ASCT) with the aim of both deepening and prolonging response [9]. It is well
documented that achievement of a complete remission (CR) both prior to [10, 11] and post-transplant [9, 10, 12-19] correlates with
longer progression-free and overall survival.
Whether ASCT can improve the depth of response associated with RVD, and specifically the rate of CR, is not known. In
this study we report on the outcome among patients at our center with newly diagnosed MM who received RVD induction
followed by ASCT.

2 Methods
Query of the hematologic malignancies transplant database and the electronic medical record (EMR) at the Dana Farber
Cancer Institute (DFCI) identified 60 patients with newly diagnosed multiple myeloma (MM) whose induction treatment
consisted of RVD, defined as receiving at least 2 cycles of RVD induction, followed by single autologous stem cell
transplant with high-dose melphalan conditioning between January 1, 2005 and December 31, 2010. The classic RVD
regimen consists of intravenous bortezomib 1.3 mg/m2 days 1, 4, 8, and 11; lenalidomide 15 to 25 mg days 1-14, and oral
dexamethasone 20 or 40 mg days 1, 2, 4, 5, 8, 9, and 11, 12 although strict adherence to the classic regimen could not be
verified among patients who received induction therapy at sites other than the transplant center. Patients who discontinued
no more than one of the induction agents due to toxicity were included in this analysis. Patients included in this analysis
were deemed by their treating physician appropriate candidates for high-dose therapy and ASCT. All patients received
high-dose melphalan 200 mg/m2 as conditioning prior to autologous stem cell rescue.
In addition to patients who received RVD throughout the course of induction therapy, patients who received RVD
induction after no more than 2 initial cycles of either lenalidomide-dexamethasone (RD), bortezomib-dexamethasone
(VD), or single agent dexamethasone (D) were included in the analysis. Such patients were included because for a variety
of reasons it is relatively common in clinical practice outside the context of clinical trials for patients to receive one or two
cycles of therapy with RD, VD, or D prior to conversion to RVD.
For the 60 eligible patients, demographic information (gender, age), disease sub-type (IgG, IgA, light chain-only, or other)
and risk profile, as assessed by the International Staging System (ISS) stage, were identified from the transplant database.
Risk assessment as determined by metaphase cytogenetics and fluorescent in-situ hybridization (FISH) was identified
from the EMR. High risk disease was defined as presence of del 13 (by metaphase), t(4;14), t(14;16), t(14;20), del 17p,
hypodiploidy and/or complex cytogenetics[20].
Each patient’s induction regimen was characterized, including the number of cycles of RVD induction. Toxicities
requiring discontinuation of lenalidomide or bortezomib during RVD induction were described. The stem cell collection
yield and time to hematopoietic recovery following ASCT was obtained from the transplant database. Platelet recovery
was defined as the date when the platelet count reached 20,000/mm3 and was maintained at that level for two consecutive
evaluations. Neutrophil recovery was defined as the date when the absolute neutrophil count (ANC) reached 500/mm3 and
was maintained at that level for two consecutive evaluations. The EMR was reviewed to identify the presence or absence
of lenalidomide maintenance post-transplant.
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Disease response prior to and post ASCT was evaluated using M-protein (or serum free light chain (FLC) when M-protein
was not measurable or unavailable) and bone marrow plasma cell percentage. M-protein response was divided into 4
categories guided by International Myeloma Working Group (IMWG) response criteria [21]. A complete paraprotein
response (paraprotein CR) was defined as the absence of a paraprotein spike in the serum or urine by immunofixation (or
normal FLC ratio). A very good paraprotein response (paraprotein VGPR) was defined as a ≥90% reduction in serum
M-protein plus a urine M-protein of < 100 mg/24 hours (or ≥90% reduction in difference between FLC levels). A partial
paraprotein response (paraprotein PR) was defined as a ≥50% reduction of serum M-protein plus reduction in 24-hour
urine M-protein by ≥90% or <200 mg/24 hours (or ≥50% reduction in difference between FLC levels). A stable
paraprotein response (SD) was defined as a response not meeting criteria for a paraprotein CR, paraprotein VGPR, or
paraprotein PR. Progressive disease (PD) was defined as an increase of 25% from lowest response of any measure of
M-protein (serum M-protein must have increased by ≥ 0.5 g/dL, urine M-protein must have increased by ≥ 200 mg/24h,
difference in FLC levels must have increased by ≥ 10 mg/dL).
The median follow-up from ASCT at the time of this analysis is 22.6 (range: 7.6-50.6) months. The institutional review
board at the transplant center approved this retrospective study.

Statistical analysis methods
Descriptive statistics are provided for all endpoints. Patient and disease characteristics, treatment course, best paraprotein
response prior to and post ASCT (up to day 120 and prior to additional chemotherapy/maintenance treatment) are
summarized using medians and ranges for continuous endpoints and frequencies, proportions and 95% exact binomial
confidence intervals (CIs) for binary endpoints. Progression-free survival (PFS) is estimated using the Kaplan-Meier
method [22]. PFS is defined as the time from the date of ASCT to the date of disease progression or death from any cause,
whichever occurs first. The follow-up times for patients alive without progression are censored at the date last known to be
free of disease progression. Univariate and multivariable Cox regression models were used to evaluate the effect of ISS
and cytogenetic risk on PFS. The statistical analysis for this paper was performed using SAS/STAT software, Version 9.2
of the SAS System for Windows. Copyright © 2002-2008 SAS Institute Inc. SAS and all other SAS Institute Inc. product
or service names are registered trademarks or trademarks of SAS Institute Inc., Cary, NC, USA.

3 Results
3.1 Patient and disease characteristics
Among the 60 patients (see Table 1), 39 (65%) were male with median age at induction of 57 years (range 39 to 71). IgG
was the most common subtype (50% IgG, 21.7% IgA, 26.6% light chain disease, and 1.7% other). By ISS stage, 48, 30,
17, and 5% had stage I, II, III, and unknown disease. Based on cytogenetics, 63, 25, and 12% had standard, high, and
unknown-risk disease.

3.2 Pre-ASCT response
Patients received a median of 5.5 cycles of RVD (range 2 to 13, interquartile range 4-7 cycles, Table 1). Among the 60
patients, 15 (25%) patients received 1 or 2 cycles of VD, RD or dexamethasone alone prior to RVD (11 patients had 1
cycle of VD prior to RVD, 1 patient had 1 cycle of RD prior to RVD, 1 patient had 1 cycle of dexamethasone prior to RVD,
1 patient had 2 cycles of VD prior to RVD, and 1 patient had 2 cycles of RD prior to RVD).
Bortezomib toxicity requiring drug discontinuation occurred in 2 (3%) patients; discontinuation was due to neuropathy in
both cases. The number of cycles these patients received prior to bortezomib discontinuation is unknown. Lenalidomide
toxicity requiring drug discontinuation occurred in 7 (12%) patients after a median of 4 cycles (range 3-5); 3 (5%) for
venous thromboembolism, 2 (3%) for rash, 1 (2%) for recovery from surgery, and 1 (2%) for unknown reasons. Peripheral
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neuropathy (any grade) was present in 30 (50%) patients. Lenalidomide was held in the final cycle in 3 patients (5%) in
preparation for stem cell collection.
Table 1. Patient characteristics (N=60). Median age at induction is 57 years with range of 39 to 71 years
Patient characteristic

N (%)

Male

39 (65)

Disease subtype
IgG
IgA
Light chain disease
Other
ISS stage
Stage I
Stage II
Stage III
Unknown
Cytogenetics
Standard
High
Unknown
Number of RVD cycles
2
3
4
5
6
7
8
10
13

30 (50)
13 (21.7)
16 (26.6)
1 (1.7)
29 (48)
18 (30)
10 (17)
3 (5)
38 (63)
15 (25)
7 (12)
3 (5)
3 (5)
13 (22)
11 (18)
13 (22)
4 (8)
11 (18)
1 (2)
1 (2)

Table 2. Distribution of patients by best paraprotein response pre and post transplantation (N=60)
Pre-ASCT response

Post-RVD plus ASCT response

N (%)

95% CI

N (%)

95% CI

CR

30 (50)

[37%, 63%]

36 (60)

[47%, 72%]

VGPR

16 (26.7)

[16%, 40%]

12 (20)

[11%, 32%]

PR

11 (18.3)

[10%, 31%]

5 (8)

[3%, 18%]

SD

0 (0)

[0%, 6%]

0 (0)

[0%, 6%]

PD

1 (2)

[0%, 9%]

1 (2)

[0%, 9%]

Unknown

2 (3)

[0%, 12%]

6 (10)

[4%, 21%]

CR=complete paraprotein response, VGPR=very good paraprotein response; PR=partial paraprotein response, SD=stable disease; PD=progressive disease

Prior to ASCT, the rates of paraprotein CR, VGPR, and PR were 50%, 26.7%, and 18.3% respectively, while 2% and 3%
had PD and missing values, respectively (see Table 2). The median time from RVD initiation to ASCT was 6.1 months
(range: 3.9 to 21.8 months). The rate of treatment discontinuation due to drug-related toxicity was low, with 3% of patients
discontinuing bortezomib and 12% discontinuing lenalidomide.
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3.3 Stem cell collection and engraftment
Stem cell collection was feasible after RVD and occurred at a median of 5.7 months (range: 3.6-21.6) from RVD initiation
and at a median of 9.5 days (range: 6-105) prior to transplant.
The median number of CD34+ stem cells collected was 11.1 × 106/kg (range 2.8 to 75.4 × 106/kg). A collection of more
than 4 × 106/kg occurred in 58 (97%) patients. The majority of patients (N=54 (90%)) were collected with
cyclophosphamide plus filgrastim, 4 (6.67%) patients were collected with filgrastrim alone, 1 (1.67%) patient was
collected with cyclophosphamide, filgrastim, and plerixafor, and 1 (1.67%) patient had an unknown method of collection.
The number of cycles of RVD did not impact stem cell mobilization. Patients who received 6 or fewer cycles of RVD
(N=43) collected a median of 11.0 × 106/kg (range 2.8 to 38.7 × 106/kg) CD34+ stem cells while patients who received 7 or
more cycles of RVD (N=17) collected a median of 11.2 × 106/kg (range 5.5 to 75.4 × 106/kg) CD34+ stem cells.
Median time to engraftment for neutrophils was 11 days (range 6 to 19) and for platelets was 19 days (range 10 to 92).

3.4 Post-ASCT response
Following ASCT, the rates of paraprotein CR, VGPR, and PR were 60%, 20%, and 8% respectively, while 2% and 10%
had PD and missing values, respectively (see Table 2).
Of the 30 patients with paraprotein CR pre-ASCT, 25 (83%) patients remained in a paraprotein CR and 5 (17%) patients
had unknown disease status post-ASCT. Among the 30 patients who did not achieve a paraprotein CR prior to ASCT, 14
(47%) patients improved their paraprotein response after ASCT, with 10 of these patients achieving a CR post-transplant
(7 from pre-ASCT VGPR, 2 from PR, and 1 from PD), and 4 patients achieving a VGPR (all from pre-ASCT PR). In
addition, 13 (43%) of the 30 patients had no change in their response after ASCT, 1 (3.2%) had PD and 2 (6.7%) had
unknown post-ASCT response status.
After ASCT, 42 (70%) patients initiated lenalidomide maintenance starting a median of 110 days (range 55-465) from
transplant.

3.5 PFS following ASCT
At median follow-up of 22.6 months, 11 patients have progressed and 2 patients have died (1 from their disease and 1 from
angioimmunoblastic lymphoma 11 months post-ASCT without PD documented). The Kaplan-Meier estimate of PFS at 12
months post- ASCT is 90.3% (90% CI: [81%, 95%]) (Figure 1, N=60).
We evaluated PFS according to risk status (ISS and cytogenetic status). From univariate results, the PFS at 12 months is
90% (90% CI: [71%, 97%]) and 92% (90% CI: [75%, 97%]) for high-risk ISS stages (2 and 3) and ISS stage 1 patients,
respectively. The PFS at 12 months is 84% (90% CI: [57%, 95%]) and 94% (90% CI: [81%, 98%]) for high risk and
standard risk cytogenetics patients, respectively. No difference (p >0.11) in progression-free survival was detected for ISS
groups (stage II/III vs. stage I) or cytogenetics (high risk vs. standard risk) in univariate or multivariate models (see Table
3).

4 Discussion
Achievement of a deep response is an important and achievable objective of therapy in MM, as the ability to obtain a CR
has consistently been associated with superior long-term treatment outcome [23]. RVD induction is associated with a high
rate of both OR and CR. Whether ASCT consolidation improves the depth of response in patients treated with RVD
induction is not known.
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Analysis of outcomes in high-risk MM subgroups - including ISS stage II/III disease or cytogenetic abnormalities
associated with poor outcome - was limited in this study due to the relatively small sample size. We observed a trend
towards less favorable outcomes in high-risk patients, however not to a level of statistical significance.
This study was limited by its retrospective nature, the relatively small number of patients, and the variation in frequency of
pre-and post- transplant disease assessment inherent to a group of patients treated outside the context of a clinical trial.
There is also potential selection bias due to inclusion criteria stipulating at least two cycles of RVD therapy. Finally, as
previously noted, a significant number of patients received up to two cycles of non-RVD therapy consisting of VD, RD, or
dexamethasone prior to RVD therapy.
Despite the limitations, this analysis does provide important data regarding treatment response associated with ASCT
consolidation following RVD induction. It demonstrates that ASCT improved or maintained paraprotein response in
patients who received RVD induction, and in particular improved the rate of CR.
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