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ABSTRACT

Multiple myeloma (MM) is a plasma-cell malignancy leading to a significant life-
expectancy shortening. Although the incorporation of the novel agents
thalidomide, bortezomib and lenalidomide in the front-line therapy has resulted
in significant improvement, almost all patients relapse, making the treatment of
relapse a real challenge. In the present article, when and how to treat relapsed
MM is discussed. Treatment can be safely delayed in a subset of patients with
asymptomatic relapse, whereas those with symptomatic relapse, advanced
disease at diagnosis or significant paraproteinemic increase require prompt
rescue therapy. The benefit of re-treatment and the use of a sequential
approach for successive relapses considering drug synergism are highlighted.
For patients with aggressive relapses and for those who have exhausted all
available options continued therapy until disease progression is recommended,
particularly when using regimens with long-term safety profile. Patients with a
duration response to a first ASCT longer than 2 years may benefit from a
second ASCT. Patients with aggressive disease and/or poor cytogenetics at
diagnosis relapsing within the first two years from ASCT should be considered
for an allogeneic transplantation. Finally, a number of newer promising drugs
are being actively investigated and the enrolment of patients in clinical trials is

encouraged.



INTRODUCTION

The incorporation of the novel drugs thalidomide, bortezomib and lenalidomide
has resulted in a significant survival prolongation in patients with multiple
myeloma (MM) (1-3). However, MM remains incurable with an important life
expectancy shortening (4). Autologous stem-cell transplantation (ASCT) is the
gold-standard in younger patients and the incorporation of novel drugs in the
induction phase has improved the post-ASCT complete remission (CR) rate and
the progression-free survival (PFS) (5-9). However, most patients ultimately
relapse. Concerning elderly patients, melphalan and prednisone (MP) or
dexamethasone-based regimens have been the standard of care for many
years. The novel drugs thalidomide, bortezomib and lenalidomide have been
associated with MP (MPT, MPV and MPR) or with low-dose dexamethasone
(Rd) resulting in a superior PES in almost all studies and in a significant OS
prolongation in some of them (10-14). Although the improvement achieved is

clinically relevant, it is far from satisfactory.

Despite that bortezomib, pegylated doxorubicin, lenalidomide, carfilzomib and
pomalidomide have been recently approved, the treatment of patients with
relapse or refractory MM remains a challenge (3, 15, 16). Unfortunately, the
duration of responses is limited and all patients will develop progressive disease
(PD). In patients with relapsed MM, the choice of salvage therapy should be
individualized and must depend on the considerations summarized in Table 1.
The most frequently asked questions in the treatment of relapsed patients are
listed in Table 2. In this How | Treat article we use a case-and-comments
approach with our decision processes illustrated in the context of real-world

patients seen at our clinic.



Case 1. A young patient with primary refractory myeloma to VTD

(bortezomib, thalidomide and dexamethasone).

A 52 years-old woman presented with a pathological femoral fracture in June
2011. She was diagnosed with IgA-lambda MM with a serum M-protein of 4.5
g/L and a lambda light-chain urine protein excretion of 1163 mg/24 hours. Her
bone marrow contained 57% plasma cells with no cytogenetic abnormalities by
FISH. A hip replacement was performed and treatment with VTD was initiated.
After 3 cycles, urine light chain protein excretion increased to 1376 mg/24 hours
and rescue therapy with lenalidomide and dexamethasone (LenDex) was
started. After 4 courses the patient achieved very good partial response (VGPR)
with a urine M-protein < 100 mg/24 hours. In April 2012 an ASCT with MEL-200
was performed. The patient remained in VGPR until May 2013 when PD with a
urine light chain protein excretion of 613 mg/24 hours was documented. An
identical sibling donor was available and rescue therapy with LenDex re-
treatment followed by a reduced-intensity conditioning allogeneic
transplantation (Allo-RIC) was planned. After three LenDex cycles, the patient
achieved VGPR. The Allo-RIC procedure was performed in September 2013.
The patient did not develop graft-versus-host disease (GvHD) and she is
asymptomatic in stringent and immunophenotypic CR one year after Allo-RIC
(Figure 1).

Comments

This patient had IgA-lambda MM with predominant light chain urine protein
excretion, as the IgA serum level as below the measurability threshold (5 g/L)
(17,18). Concerning initial therapy, outside clinical trials and besides patients
with ultra high-risk (see below) we select our best option for both standard and
high-risk myeloma. In this regard, VTD is a highly effective induction regimen
prior ASCT. However, 15% of patients fail to respond (6). In this situation,
LenDex is our preferred rescue regimen (19-21). Our patient achieved VGPR
and her response status was not improved with ASCT, developing progressive
disease (PD) one year later. We have shown that in patients presenting with

predominant light-chain urine protein excretion, the first indicator of relapse is



the reappearance of the light chains in the urine (22). The patient with IgA-
lambda had both intact immunoglobulin and light chain urine protein production
at diagnosis, and light chain escape at relapse. This phenomenon portends a
poor prognosis and is usually seen in advanced phases of the disease when the
myeloma cells become undifferentiated with a shift from intact immunoglobulin
to free light chains only secretion (23). Of interest, the urine progression was
preceded by increasing levels in serum FLC from 10.7 after ASCT to 433 mg/L
at the time of PD. Our patient was resistant to bortezomib and also to high-dose
melphalan with early relapse after ASCT, so an Allo-RIC from her identical
sibling donor was considered. Taking into account the previous response to

LenDex, re-treatment with the same regimen was given resulting in VGPR.

Allo-SCT is a potentially curative approach for patients with MM even in
advanced disease (24-28). The transplant-related mortality (TRM) of about 20%
higher with myeloablative conditioning has resulted in a shift to Allo-RIC. The
final outcome of the two conditioning approaches seems similar since the higher
TRM with myeloablative conditioning is compensated by a higher relapse rate
with Allo-RIC. We have just reported our experience showing a trend towards a
better PFS and a significantly longer OS with Allo-RIC when compared with
myeloablative conditioning (28). Although the role of allo-transplantation in MM
is controversial, there are two situations in clinical practice in which the
expected survival of patients with MM is very limited: 1) early relapse after an
optimal induction followed by ASCT, and 2) the recently recognized ultra-high-
risk myeloma with poor-risk cytogenetics plus either high LDH or ISS 3 who
become soon refractory to all the available treatments (29). Our patient fulfilled
our indication for Allo-SCT in early chemosensitive progression: aggressive
presentation with bone fracture and light chain proteinuria escape and resistant
disease to an optimal induction with VTD and high-dose melphalan with early
relapse (> 2 years) after ASCT. In this situation, the probability of long-term
disease control with the currently available antimyeloma agents is very unlikely
(28). No GvHD was observed, and one year after Allo-RIC she is in stringent

CR with the hope for a long-term remission and eventual cure.



Case 2. A patient with primary resistance to alkylating agents and to
bortezomib.

A 52 year-old man presented with nephrotic range proteinuria in May 2001. His
only complain was moderate fatigue; his haemoglobin was 11.4 g/dL with a
serum IgG-kappa monoclonal protein of 51 g/L and a urine protein excretion of
7.7 g/24 hours of glomerular pattern. His serum creatinine was 1.1 mg/dL, the
bone marrow contained 46% plasma cells and the skeletal survey showed lytic
skull lesions. A subcutaneous fat was negative for amyloid. The patient was
treated with 6 courses of alternating VBCMP/VBAD chemotherapy (30) with no
response. In October 2001, the patient received rescue therapy with single
agent thalidomide at a dose up to 400 mg/day achieving MR (serum M-protein
23 g/L, urine M-protein 90 mg/24 hours) in order to proceed to ASCT with a
lower tumour burden. No further response improvement to tandem ASCT, the
first with MEL-200 performed in May 2002 and the second with CVB in
November 2002 was achieved (31). In March 2005 the patient developed PD
and failed rescue therapy with bortezomib (32). In May 2006, serum M-protein
increased to 41 g/L and the glomerular proteinuria was 2.33 g/24 hours. Re-
treatment with thalidomide up to 200 mg/day was started resulting again in MR,
but the drug was discontinued due to intolerance. In May 2008 the serum M-
protein increased to 38 g/L and the glomerular proteinuria to 0.6 g/24 hours. At
that time, lenalidomide was approved in Europe and LenDex was initiated. The
patient achieved VGPR. Because of poor tolerance, dose of Len and Dex were
subsequently reduced to 15 mg and to 20 mg only on days 1-4 respectively.
This patient enjoys a long-lasting VGPR and remains on continued therapy in
September 2014 (Figure 2).

Comments

This patient presented with MM and glomerular nephrotic range proteinuria. The
most common cause of nephrotic proteinuria is MM is associated AL
amyloidosis (33, 34). This patient had no other features consistent with AL and
a subcutaneous fat was negative for amyloid. It was thought that amyloid kidney

involvement was unlikely and treatment for his MM was initiated. Interestingly,



the amount of proteinuria (Figure 2) significantly decreased or disappeared
when a response was obtained and increased with myeloma progression. This
patient, refractory to both conventional and high-dose cytotoxic agents and to
bortezomib, had an exquisite sensitivity to the immunomodulatory drugs (IMiDs)
thalidomide and lenalidomide. In fact, he reached a MR two times with single
agent thalidomide (Figure 2). However, the drug was discontinued due to
fatigue, constipation and peripheral neuropathy (35). The durable MR
responses achieved two times in this patient with single agent thalidomide is not
only a clear indication of his exquisite sensitivity to IMiDS but also highlights the
importance of the MR attainment in patients with refractory or relapsed
myeloma (36). At the next progression, the treatment of choice was the more
potent and less toxic IMiD lenalidomide. There is evidence that lenalidomide
and glucocorticoids have a synergistic effect with a significant increase in the
response rate and on the duration of response of the combination (19, 20)
compared with lenalidomide alone (37). For this reason, we always use
lenalidomide associated with glucocorticoids. In contrast, there is no evidence
of a synergism between thalidomide and glucocorticoids, and we used single
agent thalidomide avoiding dexamethasone exposure in this patient who
previously failed high-dose dexamethasone included in the initial VBAD
regimen. The patient achieved PR after 3 cycles of LenDex and subsequently
VGPR. At this point, the question is for how long treatment should be
maintained. The choice of some physicians, particularly in Europe, is to
discontinue therapy after one or two years of treatment in responding patients in
order to avoid potential toxicity and to reduce cost, re-treating at the time of a
subsequent progression. While this option seems reasonable there are no
studies on re-treatment in patients with previous long-term exposure to
lenalidomide. With the lack of data on lenalidomide re-treatment and,
particularly, in a patient with refractory disease to all the currently available anti-
myeloma agents, we favour continued therapy with a regimen with acceptable
tolerance until disease progression. This patient has now received treatment
with LenDex for over six years. It is almost certain that our patient will end-up
developing progressive disease. At that time, we believe that in a patient who
showed a so exquisite sensitivity to IMiDs, the best option would be

pomalidomide and dexamethasone (38-41). Other options could be: 1) the



addition of a synergistic drug to LenDex, such as elotuzumab (42, 43), 2)
proteasome inhibitors (PI) such as carfilzomib (44) or ixazomib (45-47), despite
his previous resistance to bortezomib or 3) monoclonal antibodies such as anti-
CD38 (Daratumumab or SAR650984) as single agents or in combination.
Concerning the efficacy of drug combination, when two or more drugs are given
simultaneously the result can be the expected by the addition of the efficacy of
each compound (additive) or higher than the expected only by the combination
of drugs (synergistic). ldeally, the additive or synergistic effect should be
demonstrated in preclinical studies. Unfortunately, laboratory findings are not
always translated into clinical results. For this reason, the additive or synergistic
effects are, in most instances, clinically inferred by comparing outcomes across

clinical trials rather than on a laboratory basis.

Case 3. A patient successfully re-treated with bortezomib.

A 57-year-old woman presented with bone pain in May 1999. She was
diagnosed with 1gG-kappa MM with a serum M-protein of 43.6 g/L, urine kappa
light chains of 116 mg/24 hours, 12% BMPCs and lytic bone lesions. Her blood
counts showed a neutrophil count of 0.3 x10%L, with normal haemoglobin and
platelet count. Due to severe neutropenia, no alkylating agents were
administered and the patient was treated with six courses of VBAD and ASCT
followed by alfa2b-interpheron maintenance achieving CR in February 2001,
with normalization of her neutrophil count. In October 2002 the patient
developed PD with spontaneous rib fracture and neutropenia of 0.5 x10%/L. The
patient received rescue therapy with single agent thalidomide at a dose up to
400 mg/day achieving a decrease in her serum M-protein from 45 to 15 g/L and
normalization in her neutrophil count. However, 10 months later thalidomide
was discontinued due to grade 2 peripheral neuropathy. In June 2005 a new
progression was documented with a serum M-protein of 33 g/L and a neutrophil
count of 0.6 x 10%L. Single agent i.v. bortezomib at a reduced dose of 1 mg/m2
was initiated, because of thalidomide-related grade 1 peripheral neuropathy.
After 2 cycles the serum M-protein increased to 48.6 g/L with decreasing

neutropenia to 0.13 x 10%L with no worsening in her peripheral neuropathy. The



dose of bortezomib was increased at 1.3 mg/m? and G-CSF 3 times per week
was started. The patient achieved PR with a decrease in her serum M-protein to
14 g/L and normal white cell count at bortezomib discontinuation after 6 full-
dose cycles. Nine months later, in November 2006, new increase in her serum
M-protein to 46 g/L as well as recurrent neutropenia were observed. Re-
treatment with 8 courses of full-dose bortezomib plus G-CSF resulted in a new
PR with M-protein decrease to 21 g/L and neutropenia resolution. Seven
months later, in October 2007, the patient experienced a new progression with
a serum M-protein increase to 40 g/L. At this time the patient was treated with
LenDex achieving PR with an M-protein decrease to 11 g/L. The patient was
continued on LenDex therapy for 3 years and remained in PR until October
2010 when she developed PD and died in May 2011 (Figure 3).

Comments

Although neutropenia not due to heavy bone marrow involvement is
exceedingly rare in MM, the authors of this article have seen a few cases. Of
interest, the neutrophil count normalized with all responses to therapy and
recurred at each relapse (Figure 3). At first relapse, our patient was successfully
treated with single agent thalidomide which should be discontinued due to
peripheral neuropathy. The presence of residual toxicity, particularly peripheral
neuropathy, should always be considered since it may influence the treatment
at relapse. In our patient the thalidomide-related peripheral neuropathy led to
the initiation of the next salvage therapy with bortezomib at reduced dose.
Concerning bortezomib therapy in our patient, we want to highlight the decision
on single-agent administration, the dose-dependent effect and the re-treatment
benefit. Concerning the single-agent administration, our results in a phase 2 trial
strongly supported that bortezomib and dexamethasone have only an additive
rather than a synergistic effect (48). In addition, in bortezomib-retreatment
studies the benefit of bortezomib/dexamethasone versus single-agent
bortezomib was marginal (49-51). In relapsed patients, candidates to a rescue
ASCT, a short induction period with 3 to 4 cycles of bortezomib plus
dexamethasone, in order to obtain the benefit from both drugs, is most

reasonable. However, when a rescue ASCT is not planned, as in our patient,



we prefer the use of single agent bortezomib and, if there is no response, to
switch to a different rescue regimen. Although the CREST study (52) showed
that bortezomib at 1 mg/m? can still be effective, our patient showed evidence of
a dose-dependant effect with PD after 2 cycles at 1 mg/m? and PR when the
dose was increased at 1.3 mg/m2. This highlights the importance of full dose
administration whenever possible (53-55). In this regard, subcutaneous
bortezomib at 1.6 mg/m? deserves investigation. Finally, our patient illustrates
the benefit of bortezomib re-treatment with one year gain before a new line of
therapy was required. In this regard, it has been shown in a prospective phase
2 study that re-treatment with bortezomib is an effective treatment option, with
no significant cumulative toxicities (49). The decrease of peripheral neuropathy
with the subcutaneous administration (56) is an additional argument in favour of
retreatment. Classically, bortezomib has been administered for a fix number of
cycles. Whether or not an extended treatment could be beneficial in relapsed
patients is unknown. In the front-line setting, maintenance with i.v. bortezomib
at 1.3 mg/m2 every two weeks for 2 years (57) or one complete cycle in
combination with thalidomide every 3 months for 3 years (6) has been beneficial

with acceptable toxicity

Case 4. A patient successfully re-treated with a second ASCT.

A 42 year-old-man presented with a skull mass in August 2002. A biopsy was
consistent with plasmacytoma. He was diagnosed with IgA-kappa MM with a
serum M-protein size of 11.5 g/L, 6% BMPCs and multiple lytic bone lesions.
Treatment with 6 courses of VBMCP/VBAD (31) resulted in CR. The induction
treatment was followed by ASCT with MEL-200 and maintenance with alpha-2b
interferon plus prednisone (31). The patient remained in CR until October 2006
when patient had an asymptomatic relapse with slowly increasing serum M-
protein until February 2008 when the M-protein reached 28.2 g/L. At that time, 4
courses of salvage therapy with bortezomib/dexamethasone were given and a
PR was achieved. A second ASCT with MEL-200 in August 2008 resulted in
CR. In February 2012 a second asymptomatic relapse with a progressively
increasing in the serum M-protein up to 27.3 g/L in December 2012. A third line

therapy with thalidomide, dexamethasone and elotuzumab in the context of a



phase 2 clinical trial was initiated (58). The patient achieved a third CR in July
2013 and remains on treatment, but the original IgA-kappa M-protein was
detected by immunofixation in July 2014 with no criteria for PD as of in
September 2014 (Figure 4).

Comments

This patient had a skull soft-tissue plasmacytoma. The extraosseous spread in
MM is associated with poor outcome in patients treated with conventional dose
chemotherapy (59, 60). Concerning transplant candidates, the PETHEMA group
showed that the PD rate during induction was significantly higher in patients
with EMD (6). Although there were not significant differences in PFS, the OS
was shorter in patients with EMPs. In contrast, two studies showed that patients
who underwent ASCT had similar outcome irrespective of the presence or
absence of EMD, indicating that high-dose therapy can overcome the poor
prognosis of extramedullary involvement (59, 60). In fact, in our patient the EMP
disappeared with the use of VBMCP/VBAD chemotherapy and subsequently
received ASCT and the plasmacytoma never reappeared during the course of
his disease. After 42 months in CR, the patient developed asymptomatic
progression. In our experience, 50% of patients relapsing after up-front ASCT
develop asymptomatic relapse with a median time to require treatment of 6
months (22). Of interest, in the present case there was a progressive increase
in the serum M-spike with no need of therapy for 18 months. In fact, in up to
one-fourth of patients with asymptomatic relapse after ASCT treatment can be
safely delayed even for more than 2 years (22). We identified patients relapsing
from CR, particularly those with ISS stage | or Il and with no significant light-
chain proteinuria at diagnosis, as the most likely to enjoy long periods until
clinical relapse or significant paraproteinemic progression develop (22). The
rescue treatment of choice in patients with late relapse after ASCT is a second
high-dose procedure (61-64). We have shown that the features associated with
prolonged OS in relapsing patients were the time to relapse, the type of relapse
(asymptomatic vs. symptomatic) and the use of salvage second auto- or
allogeneic-SCT (22). This patient fulfilled all the above criteria and achieved a

second CR after the second rescue ASCT. The greatest benefit from a rescue



ASCT is achieved in patients relapsing beyond three years from the first ASCT
(64). It is of note that in our patient the duration of the second CR, lasting for
more than 3 years, was almost as long as his first CR. The patient subsequently
developed other asymptomatic relapse and he was given a completely new
approach combining thalidomide and dexamethasone with the monoclonal
antibody (MoAb) elotuzumab resulting in a new CR of one year duration
followed by other asymptomatic relapse. Although elotuzumab is not active as
single agent (65), encouraging results with its combination with Len/Dex have
been reported suggesting a synergistic effect (42). This case illustrates how a
long-term survival in a patient with a biologically indolent and chemosensitive
disease can be achieved despite recurrent disease. Possible available future
options for this patient are: 1) lenalidomide/dexamethasone, 2) carfilzomib with
or without dexamethasone or 3) pomalidomide/dexamethasone. Considering
the response duration to the second autologous transplant, a third ASCT could
also be considered. Despite that this patient is still 56 years-old, we do not
believe that an Allo-RIC is an option for a patient with late and non-aggressive

relapses with highly chemosensitive disease.

CONCLUSIONS

Treatment can be safely delayed in patients with asymptomatic serological
relapse, particularly in those with stage I/ll at diagnosis and relapsing from CR.
In contrast, early treatment should be considered in patients with aggressive
disease at diagnosis and in those with significant paraproteinemic relapse with
any of the following features in two consecutive measurements separated by 2
months: doubling of the serum M-protein, increase in serum and/or urine M-
protein by at least > 10 g/L or 500 mg/24 hours, respectively (66). Patients who
achieve at least PR with primary therapy and who relapse beyond one year
after front-line therapy discontinuation or beyond 6 months after a rescue
therapy may benefit from re-treatment with the same option. We favour the use
of a sequential approach for successive relapses rather than the use of
multiple-agent combination. Whether or not a synergistic or only an additive
effect exists should be taken into account when selecting rescue treatment

regimens. In this regard, dexamethasone has only an additive effect when



combined with bortezomib while it shows synergism with lenalidomide. If the
association of LenDex with bortezomib or new proteasome inhibitors
(carfilzomib or ixazomib) or with MoAb (elotuzumab or anti-CD38) (42, 67-70)
demonstrates a clinically relevant superiority to LenDex, these triple
combinations should be seriously considered in the relapse setting. If a patient
is considered candidate for SCT, a short induction  with
bortezomib/dexamethasone or LenDex is most appropriate. If the patient fails
proteasome-inhibitors and IMiD-based regimens, debulking chemotherapy with
PACE (cisplatin, doxorubicin, cyclophosphamide, and etoposide) could be
helpful (71). For patients with indolent relapses, when long-term use of the
rescue therapy is not feasible because of drug toxicity (i.e., causing peripheral
neuropathy) or for those in whom future effective options are still possible we
administer a fixed number of cycles. In contrast, in patients with aggressive
relapses and in those in whom all the effective available options have been
exhausted, we favour continued therapy until PD provided that the regimen has
an acceptable long-term safety profile. A rescue ASCT should be considered in
patients in whom the duration of response to the first ASCT has been 2 2 years,
although the greatest benefit is obtained when the response duration to the first
ASCT has been 2 3 years. We plan and Allo-RIC in patients relapsing within the
first 2 years after ASCT, particularly in those with aggressive disease and/or

poor cytogenetics at diagnosis.

FUTURE DIRECTIONS

Despite significant advances in the last years, treatment of relapsed myeloma
remains unsatisfactory. New generations of powerful agents from consolidated
drug families, such as proteasome inhibitors (carfilzomib, ixazomib) or IMIDs
(pomalidomide) are most promising. In two studies, the HDAC-inhibitors
vorinostat and panobinostat added to bortezomib have resulted in statistically
significant PFS prolongation. However, more studies aimed at improving the
toxicity profile are needed (72, 73). The MoAbs FRMF7 (elotuzumab) (42) and
anti-CD38 (daratumumab, SAR650984) (67, 74), particularly when associated
with bortezomib/dexamethasone or lenalidomide/dexamethasone may result in

a relevant improvement. A newer exciting approach is immunotherapy with



modified virus use (75), NK-cell therapy (76, 77) or CARs strategies (78),
combining activity against malignant plasma cells and T-cell receptors. The
above and other potential effective drugs in MM, (79-87) are listed in Table 3.
However, all these newer agents are only used in clinical trials and are not yet

available for most practitioners.

For the time being we can anticipate the introduction of the currently
investigated recent treatment combinations as well as the progressive
incorporation of a new generation of drugs with more specific molecular targets

in our myeloma treatment programs.

AKNOWLEDGMENTS

This work has been supported in part by grants RD12/0036/0046 and
P112/01093 from Instituto de Salud Carlos Il (Ministerio de Economia y
Competitividad. Cofinanciado por FEDER. Union Europea. Una manera de

hacer Europa)

AUTHORSHIP CONTRIBUTORS

All authors collected data, wrote and critically reviewed the manuscript, and

gave final approval.

DISCLOSURE OF CONFLICTS OF INTEREST

J.B. has received honoraria from Janssen, Celgene, Amgen and The Binding

Site, as well as Grant Support from Janssen. L.R. and C.F.L. have received

honoraria from Janssen and Celgene.



REFERENCES

1. Kyle RA, Rajkumar SV. Multiple myeloma. Blood. 2008;111(6):2962-2972.

2. Palumbo A, Anderson K. Multiple myeloma. N Engl J Med.
2011;364(11):1046-1060.

3. Ludwig H, Sonneveld P, Davies F, et al. European perspective on multiple
myeloma treatment strategies in 2014. Oncologist. 2014;19(8):829-844.

4. Ludwig H, Bolejack V, Crowley J, et al. Survival and years of life lost in
different age cohorts of patients with multiple myeloma. J Clin Oncol.
2010;28(9):1599-1605.

5. Moreau P, Avet-Loiseau H, Harousseau JL, Attal M. Current trends in
autologous stem-cell transplantation for myeloma in the era of novel therapies.
J Clin Oncol. 2011;29(14):1898-1906.

6. Rosifol L, Oriol A, Teruel Al, 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.

7. 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.

8. Sonneveld P, Goldschmidt H, Rosifiol 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 Il randomized, controlled trials. J Clin Oncol.
2013;31(26):3279-3287.

9. Rosifiol L, Kumar S, Moreau P, Cavo M. Initial treatment of transplant-eligible
patients in multiple myeloma. Expert Rev Hematol. 2014;7(1):43-53.

10. Facon T, Mary JY, Hulin C, et al. Melphalan and prednisone plus

thalidomide versus melphalan and prednisone alone or reduced-intensity



autologous stem cell transplantation in elderly patients with multiple myeloma
(IFM 99-06): a randomised trial. Lancet. 2007;370(9594):1209-1218.

11. San Miguel JF, Schlag R, Khuageva NK, et al. Bortezomib plus melphalan
and prednisone for initial treatment of multiple myeloma. N Engl J Med.
2008;359(9):906-917.

12. Palumbo A, Hajek R, Delforge M, et al. Continuous lenalidomide treatment
for newly diagnosed multiple myeloma. N Engl J Med. 2012;366(19):1759-1769.
13. Rajkumar SV, Jacobus S, Callander NS, et al. Lenalidomide plus high-dose
dexamethasone versus lenalidomide plus low-dose dexamethasone as initial
therapy for newly diagnosed multiple myeloma: an open-label randomised
controlled trial. Lancet Oncol. 2010;11(1):29-37.

14. Benboubker L, Dimopoulos MA, Dispenzieri A, et al. Lenalidomide and
dexamethasone in transplant-ineligible patients with myeloma. N Engl J Med.
2014;371(10):906-917.

15. Laubach JP, Voorhees PM, Hassoun H, Jakubowiak A, Lonial S,
Richardson PG. Current strategies for treatment of relapsed/refractory multiple
myeloma. Expert Rev Hematol. 2014;7(1):97-111.

16. Kumar SK, Lee JH, Lahuerta JJ, et al. Risk of progression and survival in
multiple myeloma relapsing after therapy with IMiDs and bortezomib: a
multicenter international myeloma working group study. Leukemia.
2012;26(1):149-157.

17. Durie BG, Harousseau JL, Miguel JS, et al. International uniform response
criteria for multiple myeloma. Leukemia. 2006;20(9):1467-1473.

18. Bladé J, Knop S, Cohen A, Shah J, Meyers R. Interpretation and application
of the International Myeloma Working Group (IMWG) criteria: proposal for
uniform assessment and reporting in clinical trials based on the First Study
Independent Response Adjudication Committee (IRAC) experience. Paper
presented at the American Society Hematology meeting. December 6-9, 2014.
San Francisco, CA.

19. Dimopoulos M, Spencer A, Attal M, et al. Lenalidomide plus
dexamethasone for relapsed or refractory multiple myeloma. N Engl J Med.
2007;357(21):2123-2132.



20. Weber DM, Chen C, Niesvizky R, et al. Lenalidomide plus dexamethasone
for relapsed multiple myeloma in North America. N Engl J Med.
2007;357(21):2133-2142.

21. Wang M, Dimopoulos MA, Chen C, et al. Lenalidomide plus dexamethasone
is more effective than dexamethasone alone in patients with relapsed or
refractory multiple myeloma regardless of prior thalidomide exposure. Blood.
2008;112(12):4445-4451.

22. Fernandez de Larrea C, Jiménez R, Rosifiol L, et al. Pattern of relapse and
progression after autologous SCT as upfront treatment for multiple myeloma.
Bone Marrow Transplant. 2014;49(2):223-227.

23. Dawson MA, Patil S, Spencer A. Extramedullary relapse of multiple
myeloma associated with a shift in secretion from intact immunoglobulin to light
chains. Haematologica. 2007;92(1):143-144.

24. Bruno B, Rotta M, Patriarca F, et al. A comparison of allografting with
autografting for newly diagnosed myeloma. N Engl J Med. 2007;356(11):1110-
1120.

25. Kumar S, Zhang MJ, Li P, et al. Trends in allogeneic stem cell
transplantation for multiple myeloma: a CIBMTR analysis. Blood.
2011;118(7):1979-1988.

26. Bensinger W, Rotta M, Storer B, et al. Allo-SCT for multiple myeloma: a
review of outcomes at a single transplant center. Bone Marrow Transplant.
2012;47(10):1312-1317.

27. Gahrton G, lacobelli S, Bjorkstrand B, et al. Autologous/reduced-intensity
allogeneic stem cell transplantation vs autologous transplantation in multiple
myeloma: long-term results of the EBMT-NMAM2000 study. Blood.
2013;121(25):5055-5063.

28. Rosifiol L, Jiménez R, Rovira M, et al. Allogeneic stem-cell transplantation
in multiple myeloma: long-term results from a single institution. Bone Marrow
Transplant. 2014; in press.

29. Moreau P, Cavo M, Sonneveld P, et al. Combination of international scoring
system 3, high lactate dehydrogenase, and t(4;14) and/or del(17p) identifies
patients with multiple myeloma (MM) treated with front-line autologous stem-cell
transplantation at high risk of early MM progression-related death. J Clin Oncol.
2014;32(20):2173-2180.



30. Bladé J, Rosifiol L, Sureda A, et al. High-dose therapy intensification
compared with continued standard chemotherapy in multiple myeloma patients
responding to the initial chemotherapy: long-term results from a prospective
randomized trial from the Spanish cooperative group PETHEMA. Blood.
2005;106(12):3755-3759.

31. Lahuerta JJ, Mateos MV, Martinez-L6pez J, et al. Influence of pre- and
post-transplantation responses on outcome of patients with multiple myeloma:
sequential improvement of response and achievement of complete response
are associated with longer survival. J Clin Oncol. 2008;26(35):5775-5782.

32. Orlowski RZ, Nagler A, Sonneveld P, et al. Randomized phase Il study of
pegylated liposomal doxorubicin plus bortezomib compared with bortezomib
alone in relapsed or refractory multiple myeloma: combination therapy improves
time to progression. J Clin Oncol. 2007;25(25):3892-3901.

33. Merlini G, Seldin DC, Gertz MA. Amyloidosis: pathogenesis and new
therapeutic options. J Clin Oncol. 2011;29(14):1924-1933.

34. Mahmood S, Palladini G, Sanchorawala V, Wechalekar A. Update on
treatment of light chain amyloidosis. Haematologica. 2014;99(2):209-221

35. Palumbo A, Facon T, Sonneveld P, et al. Thalidomide for treatment of
multiple myeloma: 10 years later. Blood. 2008;111(8):3968-3977.

36. Rajkumar SV, Harousseau JL, Durie B, et al. Consensus recommendations
for the uniform reporting of clinical trials: report of the International Myeloma
Workshop Consensus Panel 1. Blood. 2011;117(18):4691-4695.

37. Richardson P, Jagannath S, Hussein M, et al. Safety and efficacy of single-
agent lenalidomide in patients with relapsed and refractory multiple myeloma.
Blood. 2009;114(4):772-778.

38. San Miguel J, Weisel K, Moreau P, et al. Pomalidomide plus low-dose
dexamethasone versus high-dose dexamethasone alone for patients with
relapsed and refractory multiple myeloma (MM-003): a randomised, open-label,
phase 3 trial. Lancet Oncol. 2013;14(11):1055-1066.

39. Leleu X, Attal M, Arnulf B, et al. Pomalidomide plus low-dose
dexamethasone is active and well tolerated in bortezomib and lenalidomide-
refractory multiple myeloma: Intergroupe Francophone du Myélome 2009-02.
Blood. 2013;121(11):1968-1975.



40. Lacy MQ, Allred JB, Gertz MA, et al. Pomalidomide plus low-dose
dexamethasone in myeloma refractory to both bortezomib and lenalidomide:
comparison of 2 dosing strategies in dual-refractory disease. Blood.
2011;118(11):2970-2975.

41. Richardson PG, Siegel D, Baz R, et al. Phase 1 study of pomalidomide
MTD, safety, and efficacy in patients with refractory multiple myeloma who have
received lenalidomide and bortezomib. Blood. 2013;121(11):1961-1967

42. Lonial S, Vij R, Harousseau JL, et al. Elotuzumab in combination with
lenalidomide and low-dose dexamethasone in relapsed or refractory multiple
myeloma. J Clin Oncol. 2012;30(16):1953-1959.

43. Bladé J, Fernandez de Larrea C, Rosifiol L. Incorporating monoclonal
antibodies into the therapy of multiple myeloma. J Clin Oncol.
2012;30(16):1904-1906.

44. Siegel DS, Martin T, Wang M, et al. A phase 2 study of single-agent
carfilzomib (PX-171-003-Al) in patients with relapsed and refractory multiple
myeloma. Blood. 2012;120(14):2817-2825.

45. Chauhan D, Tian Z, Zhou B, et al. In vitro and in vivo selective antitumor
activity of a novel orally bioavailable proteasome inhibitor MLN9708 against
multiple myeloma cells. Clin Cancer Res. 2011;17(16):5311-5321.

46. Richardson PG, Baz R, Wang M, et al. Phase 1 study of twice-weekly
ixazomib, an oral proteasome inhibitor, in relapsed/refractory multiple myeloma
patients. Blood. 2014;124(7):1038-1046.

47. Kumar SK, Bensinger WI, Zimmerman TM, et al. Phase 1 study of weekly
dosing with the investigational oral proteasome inhibitor ixazomib in
relapsed/refractory multiple myeloma. Blood. 2014;124(7):1047-1055.

48. Rosiiol L, Oriol A, Mateos MV, et al. Phase || PETHEMA trial of alternating
bortezomib and dexamethasone as induction regimen before autologous stem-
cell transplantation in younger patients with multiple myeloma: efficacy and
clinical implications of tumor response kinetics. J Clin Oncol. 2007;25(28):4452-
4458.

49. Petrucci MT, Giraldo P, Corradini P, et al. A prospective, international phase
2 study of bortezomib retreatment in patients with relapsed multiple myeloma.
Br J Haematol. 2013;160(5):649-659.



50. Sood R, Carloss H, Kerr R et al. Retreatment with bortezomib alone or in
combination for patients with multiple myeloma following an initial response to
bortezomib. Am J Hematol. 2009;84(10):657-660.

51. Hrusovsky I, Emmerich B, von Rohr A et al. Bortezomib retreatment in
relapsed multiple myeloma: results from a retrospective multicentre survey in
Germany and Switzerland. Oncology. 2010;79(3-4):247-254.

52. Jagannath S, Durie BG, Wolf J, et al. Bortezomib therapy alone and in
combination with dexamethasone for previously untreated symptomatic multiple
myeloma. Br J Haematol. 2005;129(6):776-783.

53. Rosifol L, Cibeira MT, Uriburu C, et al. Bortezomib: an effective agent in
extramedullary disease in multiple myeloma. Eur J Haematol. 2006
May;76(5):405-408.

54. Richardson PG, Barlogie B, Berenson J, et al. A phase 2 study of
bortezomib in relapsed, refractory myeloma. N Engl J Med. 2003 Jun
26;348(26):2609-17.

55. Richardson PG, Sonneveld P, Schuster MW, et al. Bortezomib or high-dose
dexamethasone for relapsed multiple myeloma. N Engl J Med.
2005;352(24):2487-2498.

56. 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.
57. Sonneveld P, Schmidt-Wolf IG, van der Holt B, et al. Bortezomib induction
and maintenance treatment in patients with newly diagnosed multiple myeloma:
results of the randomized phase [l HOVON-65/ GMMG-HDA4 trial. J Clin Oncol.
2012;30(24):2946-2955.

58. Mateos MV, Granell M, Oriol A, et al. A phase Il single-arm safety study of
elotuzumab in combination with thalidomide and low dose dexamethasone in
patients with relapsed and/or refractory multiple myeloma. Haematologica.
2014;99(suppl 1). Abstract P959.

59. Wu P, Davies FE, Boyd K, et al. The impact of extramedullary disease at
presentation on the outcome of myeloma. Leuk Lymphoma. 2009;50(2):230-
235.

60. Varettoni M, Corso A, Pica G, Mangiacavalli S, Pascutto C, Lazzarino M.

Incidence, presenting features and outcome of extramedullary disease in



multiple myeloma: a longitudinal study on 1003 consecutive patients. Ann
Oncol. 2010;21(2):325-330

61. Gonsalves WI, Gertz MA, Lacy MQ, et al Second auto-SCT for treatment of
relapsed multiple myeloma. Bone Marrow Transplant. 2013;48(4):568-573.

62. Auner HW, Szydlo R, Rone A, et al. Salvage autologous stem cell
transplantation for multiple myeloma relapsing or progressing after up-front
autologous transplantation. Leuk Lymphoma. 2013;54(10):2200-2204.

63. Sellner L, Heiss C, Benner A, et al. Autologous retransplantation for patients
with recurrent multiple myeloma: a single-center experience with 200 patients.
Cancer. 2013;119(13):2438-2446.

64. Michaelis LC, Saad A, Zhong X, et al. Salvage second hematopoietic cell
transplantation in myeloma. Biol Blood Marrow Transplant. 2013;19(5):760-766.
65. Zonder JA, Mohrbacher AF, Singhal S, et al. A phase 1, multicenter, open-
label, dose escalation study of elotuzumab in patients with advanced multiple
myeloma. Blood. 2012;120(3):552-559.

66. Rajkumar SV, Harousseau JL, Durie B, et al. Consensus recommendations
for the uniform reporting of clinical trials: report of the International Myeloma
Workshop Consensus Panel 1. Blood. 2011;117(18):4691-4695.

67. Ocio EM, Richardson PG, Rajkumar SV, et al. New drugs and novel
mechanisms of action in multiple myeloma in 2013: a report from the
International Myeloma Working Group (IMWG). Leukemia. 2014;28(3):525-542.
68. Richardson PG, Xie W, Jagannath S, et al. A phase 2 trial of lenalidomide,
bortezomib, and dexamethasone in patients with relapsed and
relapsed/refractory myeloma. Blood. 2014;123(10):1461-1469.

69. Richardson PG, Weller E, Jagannath S, et al. Multicenter, phase |, dose-
escalation trial of lenalidomide plus bortezomib for relapsed and
relapsed/refractory multiple myeloma. J Clin Oncol. 2009;27(34):5713-5719.

70. Wang M1, Martin T, Bensinger W, et al. Phase 2 dose-expansion study (PX-
171-006) of carfilzomib, lenalidomide, and low-dose dexamethasone in relapsed
or progressive multiple myeloma. Blood. 2013;122(18):3122-3128.

71. Gerrie AS, Mikhael JR, Cheng L, et al. D(T)PACE as salvage therapy for
aggressive or refractory multiple myeloma. Br J Haematol. 2013;161(6):802-
810.



72. Dimopoulos M, Siegel DS, Lonial S, et al. Vorinostat or placebo in
combination with bortezomib in patients with multiple myeloma (VANTAGE
088): a multicentre, randomised, double-blind study. Lancet Oncol.
2013;14(11):1129-1140.

73. San-Miguel JF, Hungria VT, Yoon SS, et al. Panobinostat plus bortezomib
and dexamethasone versus placebo plus bortezomib and dexamethasone in
patients with relapsed or relapsed and refractory multiple myeloma: a
multicentre, randomised, double-blind phase 3 trial. Lancet Oncol.
2014;15(11):1195-1206.

74. Deckert J, Wetzel MC, Bartle LM, et al. SAR650984, A Novel humanized
CD38-Targeting antibody, demonstrates potent antitumor activity in models of
multiple myeloma and other CD38+ hematologic malignancies. Clin Cancer
Res. 2014;20(17):4574-4583.

75. Russell SJ, Federspiel MJ, Peng KW, et al. Remission of disseminated
cancer after systemic oncolytic virotherapy. Mayo Clin Proc. 2014;89(7):926-
933.

76. Nur H, Fostier K, Aspeslagh S, et al. Preclinical evaluation of invariant
natural killer T cells in the 5T33 multiple myeloma model. PLoS One.
2013;8(5):€65075.

77. Martin-Antonio B, Najjar A, Robinson SN, et al. Transmissible cytotoxicity of
multiple myeloma cells by cord blood-derived NK cells is mediated by vesicle
trafficking. Cell Death Differ. Prepublished on Aug 29, 2014, as DOI:
10.1038/cdd.2014.120.

78. Chu J, Deng Y, Benson DM, et al. CS1-specific chimeric antigen receptor
(CAR)-engineered natural killer cells enhance in vitro and in vivo antitumor
activity against human multiple myeloma. Leukemia. 2014;28(4):917-927

79. Ghobrial IM, Weller E, Vij R, et al. Weekly bortezomib in combination with
temsirolimus in relapsed or relapsed and refractory multiple myeloma: a
multicentre, phase 1/2, open-label, dose-escalation study. Lancet Oncol.
2011;12(3):263-272.

80. Yee AJ, Hari P, Marcheselli R, et al. Outcomes in patients with relapsed or
refractory multiple myeloma in a phase | study of everolimus in combination with
lenalidomide. Br J Haematol. 2014;166(3):401-409.



81. Jakubowiak AJ, Richardson PG, Zimmerman T, et al. Perifosine plus
lenalidomide and dexamethasone in relapsed and relapsed/refractory multiple
myeloma: a Phase | Multiple Myeloma Research Consortium study. Br J
Haematol. 2012;158(4):472-480.

82. Ludwig H, Kasparu H, Leitgeb C, et al. Bendamustine-bortezomib-
dexamethasone is an active and well-tolerated regimen in patients with
relapsed or refractory multiple myeloma. Blood. 2014;123(7):985-991.

83. Mateos MV, Cibeira MT, Richardson PG, et al. Phase Il clinical and
pharmacokinetic study of plitidepsin 3-hour infusion every two weeks alone or
with dexamethasone in relapsed and refractory multiple myeloma. Clin Cancer
Res. 2010;16(12):3260-3269.

84. Hu J, Handisides DR, Van Valckenborgh E, et al. Targeting the multiple
myeloma hypoxic niche with TH-302, a hypoxia-activated prodrug. Blood.
2010;116(9):1524-1527.

85. Ocio EM, Maiso P, Chen X, et al. Zalypsis: a novel marine-derived
compound with potent antimyeloma activity that reveals high sensitivity of
malignant plasma cells to DNA double-strand breaks. Blood.
2009;113(16):3781-3791.

86. Tunquist BJ, Woessner RD, Walker DH. Mcl-1 stability determines mitotic
cell fate of human multiple myeloma tumor cells treated with the kinesin spindle
protein inhibitor ARRY-520. Mol Cancer Ther. 2010;9(7):2046-2056.

87. Ocio EM, Mitsiades CS, Orlowski RZ, Anderson KC. Future agents and
treatment directions in multiple myeloma. Expert Rev Hematol. 2014;7(1):127-
141.



Table 1. General Considerations in Relapsed Myeloma

Variable Considerations
- Components of the initial therapy - Novel agents ?
- ASCT?
- Degree and duration of response to - PR,VGPR,CR?
primary therapy - 26 months, 21 year ?

. L - Myelosupression
- Previous toxicities

- Peripheral neuropathy

- Aggressive
- Type of relapse
- Indolent
- Elderly
- Age and performance status _
- Frail

ASCT: autologous stem-cell transplantation, CR: complete remission; PR:
parcial response; VGPR: very good partial response




Table 2. Frequently Asked Questions in Relapsed Patients with Myeloma

Questions

Considerations

1. To treat or not to treat

asymptomatic relapses

When treatment can be safely delayed?
When early treatment should be

administered?

2. When re-treatment should be

considered

What should be the response

duration cut-off?

3. Which are the best drug

associations?

- Additive effect?

-. Synergistic effect?

4. How to use available drugs

- Sequential approach?

- Multidrug combination approach?

5. For how long a rescue

treatment should be continued

- Limited number of cycles?
- Indefinite?

6. When to consider a rescue
second ASCT?

What should be the minimal response
duration from the first ASCT?

7. Is there a role for allogeneic

transplantation?

When should it be considered?

CR: complete remission; PR: parcial response; MR: minimal response; IMID:
immunomodularoty drugs; ASCT: autologous stem-cell transplantation.



Table 3. Newer generations of anti-myeloma drugs

Mechanism/Target Drugs
o Carfilzomib

Proteasome inhibitors )
Ixazomib

Immunomodulatory drug

Pomalidomide

PISK/AKT/mTOR inhibitors

Temsirolimus
Everolimus

Perifosine

Histone deacetylase inhibitior

Panobinostat

Vorinostat

Alkylating plus purine analog

Bendamustine

Monoclonal antibodies

p38/INK activators Plitidepsin
Hypoxia-activated alkylator TH-302
DNA-damaging agents Zalypsis
Kinesin spindle protein inhibitor Arry-520
Elotuzumab
Daratumomab

SAR650984




FIGURE LEGENDS

Figure 1. A young patient with primary refractory myeloma to VTD

(bortezomib, thalidomide and dexamethasone)

(LenDex: lenalidomide plus dexamethasone; ASCT: autologous stem-cell
transplantation; IFE: immunofixation; Allo-RIC: reduced-intensity conditioning

allogeneic transplantation; CR: complete remission)

Figure 2. A patient with primary resistance to alkylating agents and to

bortezomib.

(VBMCP/VBAD: vincristine, carmustine, cyclophosphamide, melphalan,
prednisone alternated  with  vincristine, carmustine, doxorubicin,
dexamethasone; LenDex: lenalidomide plus dexamethasone; ASCT:

autologous stem-cell transplantation; IFE: immunofixation)

Figure 3. A patient successfully re-treated with bortezomib

(VBAD: vincristine, carmustine, doxorubicin, dexamethasone; ASCT:
autologous  stem-cell  transplantation; LenDex: lenalidomide  plus

dexamethasone)

Figure 4. A patient successfully re-treated with a second ASCT

(MM:  multiple  myeloma; VBMCP/VBAD: vincristine,  carmustine,
cyclophosphamide, melphalan, prednisone alternated with vincristine,
carmustine, doxorubicin, dexamethasone; ASCT: autologous stem-cell
transplantation; IFE: immunofixation; CR: complete remission; Thal/Dex:

thalidomide and dexamethasone)
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