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Abstract

The survival of patients with multiple myeloma (MM) has improved substantially since

the introduction in the late 1980s of high-dose chemotherapy (HDT) supported by
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autologous stem cell transplantation (ASCT). Further improvements have been
observed following the availability of immunomodulatory drugs (IMiD) such as thalido-
mide and lenalidomide, and the proteasome inhibitor, bortezomib. Here, we summarise
the recommendations of the Medical Scientific Advisory Group to the Myeloma Foun-
dation of Australia for patients considered suitable for HDT + ASCT as part of initial

therapy. These recommendations incorporate the various phases of treatment: induc-
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Introduction

The treatment paradigm for multiple myeloma (MM) has
evolved considerably since the introduction of the
so-called ‘novel agents’ namely the immunomodulatory
drugs (IMiD) such as thalidomide and lenalidomide and
the first-in-class proteasome inhibitor bortezomib. In the
era predating these agents (1990s), high-dose chemo-
therapy (typically high-dose melphalan) supported by
autologous stem cell transplantation (HDT + ASCT) was
proven superior to conventional-dose chemotherapy as
front-line therapy and considered standard of care for
transplant-eligible patients.! At that time, standard-dose
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tion, HDT conditioning and maintenance therapy.

chemotherapy was able to achieve a partial response in
approximately 50-60% of patients, but patients rarely
achieved a complete response (CR) unless the treatment
was consolidated with HDT + ASCT. It is now recognised
that deeper responses translate to longer duration of
response? — the biological rationale for consolidative HDT
+ ASCT.

With the advent of IMiD and proteasome inhibitors,
deep responses have become more readily achievable
(see below). Indeed, with the use of multidrug combina-
tions that incorporate IMiD and/or proteasome inhibi-
tors, the CR rate that can now be achieved with induction
and maintenance strategies is comparable with that
observed with HDT + ASCT in the 1990s and early 2000s.
Consequently, this has conceptually ‘challenged’ the
place of front-line HDT + SCT as standard of care in
transplant-eligible patients. This manuscript summarises
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Figure 1 Treatment algorithm for transplant eligible patients with newly diagnosed symptomatic multiple myeloma. *Suitable candidates for autologous
stem cell transplants are generally patients who are aged <75 years with good performance status, no significant comorbidities or frailty. Individual
assessment of biological fitness for high-dose chemotherapy (HDT) + autologous stem cell transplantation (ASCT) by the treating physician is advised.
Clinical tools such as the haematopoietic stem cell transplant comorbidity index (HCT-CI) may be useful for patients aged above 65 years. **Induction
regimens that incorporate bortezomib, thalidomide or lenalidomide improve quality of responses. Patients who are not immediate transplant candidates
but in whom ASCT may still be a viable option at relapse should avoid the alkylating agent melphalan so as not to compromise potential stem cell harvest.
***Lower dose melphalan conditioning can be considered in patients aged >70 years or younger patients with impaired renal function and comorbidities.
alloSCT, allogeneic stem cell transplantation; RIC, reduced intensity conditioning.

the treatment recommendations from the Medical Scien-
tific Advisory Group (MSAG) to the Myeloma Founda-
tion of Australia (MFA) for patients deemed eligible for
HDT + ASCT (Fig. 1). These recommendations incorpo-
rate the various phases of treatment: induction, stem cell
collection, HDT conditioning and maintenance therapy.
Recommendations pertaining to patients who are consid-
ered to have ‘high-risk” smouldering myeloma are dis-
cussed in our position statement on transplant ineligible
patients. The complete guideline on diagnostic work up
and treatment is outlined in the Multiple Myeloma Clini-
cal Practice Guideline that is available on http://
www.myeloma.org.au.

Have IMiID and proteasome
inhibitor-based combinations
superseded HDT and ASTC?

A key question addressed during the development of
these recommendations was: are there any situations in
which a HDT + ASCT should not be offered to trans-
plant-eligible patients with MM? Firstly, it is important to
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consider the aims of treatment of MM and whether these
can be achieved without HDT + ASCT in the current era.
MM remains incurable for the great majority of patients,
with a median survival in the modern era of between 4-7
years (depending on prognostic factors), so new thera-
peutic strategies are aimed at improving overall survival
(OS) and quality of life (QOL). It is important to note that
the impact on survival by any new treatment strategy can
be difficult to demonstrate as long-term follow up is
required, and the effect may be confounded by the types
of salvage therapy utilised following relapse. Conse-
quently, recognised predictors for survival such as
achievement of CR and progression-free survival (PFS)
are used as surrogate end-points to facilitate comparisons
with evolving treatment strategies. Prior to the era of
IMiD and proteasome inhibitors, HDT + ASCT achieved
CR in approximately 20-30% of patients® with a corre-
lation between the achievement of CR and survival?; a
recent long-term follow up of 344 patients who received
ASCT between the years 1989 and 1998 showed that
35% of patients who achieved CR were still alive after 17
years compared with 11% of non-CR responders.*
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To improve OS, it is now routine practice to incorpo-
rate either IMiD and/or proteasome inhibitors into the
pretransplant induction phase with the choice of agent
often dependent on regional regulatory issues relating to
drug availability. At the time of writing, only thalidomide
or bortezomib are available on the pharmaceutical ben-
efits scheme (PBS) in Australia and New Zealand for
induction therapy. With double or triple combination
induction therapy incorporating IMiD and/or proteasome
inhibitors, CR/near(n) CR rates can now be achieved in
up to approximately 30-50% of patients,>® even prior to
ASCT. Although clearly a significant achievement, our
current definition of CR (as defined by no detectable
paraprotein, i.e. immunofixation negativity) is somewhat
crude as tumour burden can still be readily detected by
flow cytometry or by molecular studies. Indeed, more
sensitive techniques in detecting minimal residual disease
have demonstrated the prognostic differences between
the different ‘depths of CR’; immunophenotypic CR
(as defined by no abnormal plasma clone detected
on flow cytometry) results in a much more sustained
remission/PES compared with the less sensitive ‘immu-
nofixation negative’ CR (3-year PFS 50% vs 95% for
immunophenotypic CR).!® The deeper the level of CR,
the more durable the response appears to be.'” This in
turn correlates strongly with improved survival.*

With the aim of maximising depth and durability of
response, we believe the key issue is therefore not
whether novel agent-based therapy should supersede the
need for transplantation, but whether transplantation
when incorporated as part of the front-line treatment
strategy can augment the rate and quality of CRs to novel
agent-based induction. Indeed, recent large trials have
consistently shown that pretransplant induction with
IMiD and/or bortezomib-based regimens translate into
deeper responses post-transplant.!' With a treatment-
related mortality (TRM) of <5%, HDT + ASCT remains
one of the most reliable treatment modalities capable of
inducing durable and quality responses in MM, and
remains integral to our treatment strategy.

Early versus delayed ASCT

Conceptually, it is generally accepted that the maximum
benefit of HDT, with respect to depth and durability of
response, is derived by concentrating the most effective
treatment early in the disease course. This is when the
existing malignant plasma cell clones are most drug sen-
sitive and patients are more able to tolerate intensive
treatment. Indeed, the optimal timing of HDT + ASCT
prior to the era of IMiD and proteasome inhibitors was
clear — transplantation as part of front-line therapy was
considered superior to delaying transplantation until first
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relapse on the basis of improved event-free survival
(EFS) (39 vs 13 months) and average time without symp-
toms, treatment and treatment toxicity (27.8 vs 22.3
months) compared with when ASCT was ‘delayed” until
first relapse.’” No difference in OS was demonstrated in
this study.

The same question is being readdressed in the era of
IMiD and proteasome inhibitors in two randomised
phase III trials, the GIMEMA MM-RV-209"* and EMN
MM-RV-441" trials. In both trials, patients age <65 years
were given lenalidomide-dexamethasone induction prior
to stem cell collection, then randomised to either ASCT or
a further six cycles of melphalan, prednisone and
lenalidomide (GIMEMA trial) or cyclophosphamide,
lenalidomide and dexamethasone (EMN trial). Prelimi-
nary combined analysis of these two trials showed superi-
ority of ASCT as part of front-line treatment compared
with when ASCT was delayed until relapse, with respect
to PFS1 (P < 0.001) and 4-year OS (85 vs 76%, P =
0.027).1

In another prospective study that compared lenali-
domide and high-dose dexamethasone with lenalido-
mide and low-dose dexamethasone (Ld) as induction
for patients aged <65 years, patients were given the
choice either to proceed to HDT + ASCT upfront after
four induction cycles or continue with lenalidomide—
dexamethasone until disease progression. With the
caveats that this trial was not designed to assess the
impact of early versus delayed transplant and that this
component of treatment was not randomised, post-hoc
analysis revealed the probability of survival was substan-
tially higher for those patients undergoing early ASCT
compared with patients who continued on with
lenalidomide-dexamethasone (3-year survival probabil-
ity 0.94 vs 0.78 respectively).'®

In summary, current available data support an early
transplant approach as it is associated with longer PFS,
time without treatment and emerging OS benefit."”

Tandem versus single ASCT

Tandem ASCT, in which the second ASCT is planned to
occur 3-6 months after the first, was developed in an
attempt to increase dose intensity to achieve a deeper and
sustained remission. Reported CR rates with single SCT
have been approximately 25-35%; that for tandem
transplant is approximately 40% with a median EFS and
OS of 49 months and 62 months respectively.'” In a
meta-analysis of six randomised control trials of 1803
patients, comparing tandem versus single ASCT for
upfront treatment of MM, Kumar et al.'® reported that
while there was a superior overall response rate with
tandem ASCT (risk ratio 0.79), there was a significant
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increase in TRM (risk ratio 1.71). Overall, tandem ASCT
did not result in improved OS or EFS compared with
single ASCT. However, the trials that were included in
this meta-analysis were heterogeneous, mainly because
of the inclusion of a trial that compared single transplant
plus thalidomide maintenance therapy to tandem trans-
plant, which favoured single transplant.'” This trial has
been subsequently retracted. When this trial was
excluded from the meta-analysis, the heterogeneity dis-
appeared, and there was a statistically significant change
in the hazard ratio for EFS but not OS favouring tandem
transplant.

In the Dutch-Belgian Cooperative Trial Group for
Hematology Oncology (HOVON)-65/German Multiple
Myeloma Group (GMMG)-HD4 trial that compared VAD
(vincristine, doxorubicin, dexamethasone) with PAD
(bortezomib, doxorubicin, dexamethasone) followed by
ASCT then maintenance with thalidomide (VAD arm) or
bortezomib (PAD arm), tandem ASCT emerged on mul-
tivariate analysis as a significant factor for improved OS
(P = 0.03).%° More recently, an integrated analysis was
performed of data from phase II European studies in
which patients were prospectively assigned to receive
either single or double (tandem) ASCT. Double ASCT
resulted in superior PFS (med 38 vs 50 months, P <
0.001) and OS (5-year estimates: 63% vs 75%, P =
0.002).?! Tandem ASCT may therefore be a reasonable
strategy, perhaps in selected patients who have had a
suboptimal response to first transplant given that subset
analyses in previous phase III trials have indicated that
tandem transplants seem to primarily benefit patients
with less than very good partial response (VGPR) after
the first transplantation.?*?* It must be emphasised that
consolidation or maintenance therapies with newer
agents, and effective salvage therapies in the current era,
may well mitigate any OS advantage of tandem ASCT
over single ASCT.

Induction therapy prior to ASCT

Induction therapy prior to ASCT serves to promptly
reduce tumour burden. Deeper pretransplant response is
associated with better post-transplant outcome.** Induc-
tion regimens that incorporate IMiD and/or proteasome
inhibitors (Table 1) are superior to chemotherapy-only
regimens such as the classic infusional VAD, particularly
in poor-risk patients such as those with poor cytogenetics
or other adverse prognostic features.?®3** Two-drug
combinations where dexamethasone is combined with
thalidomide (TD), lenalidomide (Ld) (low-dose dexam-
ethasone) or bortezomib (BD) are superior to VAD.?$3240
Of note, Ld or BD achieves CR/VGPR rates of 20-40%
prior to ASCT, which is superior to the TD combination

© 2015 Royal Australasian College of Physicians
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that induces CR/VGPR rates of approximately 10-16%.®
Three-drug combinations appear to further improve effi-
cacy with respect to depth of initial response; the addition
of a chemotherapy agent, either cyclophosphamide or
doxorubicin to thalidomide (CTD, TAD),>® bortezomib
(CyBorD, PAD)”® or lenalidomide (LCD)’ induces
CR/VGPR rates between 37% and 65%. Similar impres-
sive efficacy is seen with three-drug regimens that
combine IMiD and proteasome inhibitors.?**! In contrast,
no further advantage was seen with a four-drug combi-
nation, which instead results in greater toxicity.*! It
should be noted that combinations of IMiD and
proteasome inhibitors are not currently available through
PBS reimbursement in Australia.

There have been no clinical trials that directly compare
bortezomib-based regimens to IMiD-based regimens for
induction prior to ASCT. One meta-analysis showed that
bortezomib-based regimens (BD or BTD) were superior
to non-bortezomib-based regimens with respect to PFS
and OS,*? but this was not surprising given that the non-
bortezomib comparator was VAD or TD, both of which
are known to induce only modest responses. Nonethe-
less, bortezomib certainly induces rapid and quality
responses, and given that it can partially mitigate the
impact of adverse cytogenetics, bortezomib-based regi-
mens are often used preferentially as first-line induction
in transplant eligible patients. A weekly schedule of
bortezomib 1.5 mg/m? appears to result in reduced tox-
icity without compromising efficacy compared with the
traditional schedule of bortezomib 1.3 mg/m? days 1,
4, 8, 11 every 21 days.” Similarly, it appears that weekly
subcutaneous bortezomib is better tolerated than intra-
venous without compromising efficacy in transplant
eligible patients, based on preliminary results of a
phase II study.*’ Please refer to Box 1 for summary of
recommendations.

Stem cell mobilisation

The most common regimen used to mobilise peripheral
blood stem cells for MM patients is high-dose cyclophos-
phamide with recombinant human granulocyte colony
stimulating factor (rhG-CSF), such as filgrastim,
5-10 mcg/kg. The addition of high-dose cyclophospha-
mide for mobilisation does not necessarily improve depth
of response over induction therapy and does not improve
CR rates or time to progression (TTP) in patients under-
going ASCT.*” However, using cyclophosphamide for
mobilisation has the advantage of increasing the CD34 +
cell yield.* A higher dose of cyclophosphamide (4 g/m?)
will give a better CD34 + yield, but may also cause more
toxicity requiring hospital admissions compared with
cyclophosphamide 2 g/m?* More recently, plerixafor
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Table 1 Induction treatment regimens for upfront treatment of myeloma prior to autologous stem cell transplantation

Regimen Schedule Responses
cb® Cyclophosphamide 1g/m? IV D1 Post-transplant ORR 81% (similar to VAD with ORR of 80%)
Dexamethasone 40 mg D1-4, 9-12
Cycles repeated every 21 days for 2-3 cycles prior to ASCT
CIp® Cyclophosphamide 100 mg/m? po D1, 2, 3, 4 ORR 66% (CR 9%) post-CID
Idarubicin 10 mg/m? po D1, 2 ORR 80% (34% CR) post-AuSCT
Dexamethasone 40 mg po daily, D 1-4, 8-11, 15-18 for cycle 1;
days 1-4 for cycles 2-4
Cycles repeated 21 days for 3—4 cycles prior to ASCT
PCAB% Doxorubicin 30 mg/m? IV D1 ORR 48% (41% PR, 7% CR)
Carmustine 30 mg/m? IV D1
Cyclophosphamide 600 mg/m? IV D
Prednisolone 60 mg/m? po D1-5
Pegfilgrastim 6 mg sc D2
Cycles repeated every 4 weeks up to 12 cycles
TD?830 Thalidomide 200 mg po daily Pretransplant ORR varies from 64% to 76%
Dexamethasone 40 mg po daily D1-4 ORR 76% with thalidomide-dexamethasone versus 52% VAD,
Cycles repeat every 4 weeks for 3—4 cycles prior to ASCT P <0.001%
CTD>3! Thalidomide 100 mg po daily ORR 89%
Cyclophosphamide 500 mg po/IV weekly
Dexamethasone 40 mg po daily 1-4, 12-15, or Dexamethasone 40 mg weekly
Cycles repeated every 28 days for 3—4 cycles prior to ASCT
TAD® Thalidomide 200 mg po daily ORR with TAD 72% versus 54% with VAD, P < 0.001
Doxorubicin 9 mg/m? IV rapid infusion, D1-4 CR + VGPR higher post-ASCT in TAD arm (49% vs 32%,
Dexamethasone 40 mg po, days 1-4, 9-12 and 17-20 P <0.001)
Cycles repeated every 28 days for 3—4 cycles prior to ASCT
BD3233 Bortezomib1.3 mg/m? IV D1, 4, 8, 11 CR/NCR 22% post-induction
Dexamethasone 20 mg on day of and day after bortezomib CR/nCR 38% post-ASCT
Cycles repeat every 21 days for 3—4 cycles prior to ASCT
PAD820.34 Bortezomib 1.3 mg/m2 IV D1, 4, 8, 11 ORR 95%; 65% > VGPR, 24% CR
Doxorubicin 20/m? IV D1 and 4 or doxorubicin 9 mg/m? IV D1, 2, 3, 4 Assessment following + ASCT: ORR 95%, 81% > VGPR,
(daily bolus or continuous infusion) 43% CR
Dexamethasone 20 mg po daily, D1, 2, 4,5, 8,9, 11, 12
Cycles repeated every 3 weeks for 3—4 cycles prior to ASCT
CyBorD/BCD’253¢  Bortezomib 1.3 mg/m? IV D1, 4, 8, 11 ORR 88%, =VGPR 61% post-induction
Cyclophosphamide 300 mg/m? po D1, 8, 15, 22 (or cyclophosphamide
900 mg/m? IV D1)
Dexamethasone 20 mg po on day of and day after bortezomib
Cycles repeated every 21 days x for 3-4 cycles prior to ASCT
Or ORR 93%, 2VGPR 60% post-induction
Bortezomib 1.5 mg/m? wc D1, 8, 15, 22
Cyclophosphamide 300 mg/m? po D1, 8, 15, 22
Dexamethasone 20 mg po on day of and day after bortezomib
Cycles repeated every 28 days x for 3-4 cycles prior to ASCT
Ld’ Lenalidomide 25 mg po daily D1-21 every 28 days CR/IVGPR 42% post-induction
D Dexamethasone 40 mg po weekly
Cycles repeated every 28 days for 3—4 cycles prior to ASCT, otherwise,
until disease progression
LCD%38 Lenalidomide 25 mg po daily D1-21 every 28 days VGPR 38%, CR 2% post-induction
Cyclophosphamide 300 mg/m? po daily D1, 8, 15
Dexamethasone 40 mg po daily, D1, 8, 15 and 22
Cycles repeated every 28 days for 3—4 cycles prior to ASCT
BTD* Bortezomib 1.3 mg/m? 1V D1, 4, 8, 11 CR/NCR 31% post-induction
Thalidomide 200 mg po D1-21 CR was 57% post-ASCT
Dexamethasone 40 mg po on day of and day after bortezomib
Cycles repeated every 21 days for 3—4 cycles prior to ASCT
(BTDC)* Bortezomib 1.3 mg/m? IV D1, 4, 8, 11 ORR 96%; CRINCR 44% post-induction

Dexamethasone 40 mg po D1-4, 9-12

Thalidomide 100 mg po daily

Cyclophosphamide 400 mg/m? IV D1, 8

Cycles repeated every 21 days for 3 cycles prior to ASCT, or additional
4 cycles for patient who became ineligible for ASCT

ORR 100%; CR/NCR = 78% post-ASCT

This table summarises the commonly used induction regimens and is not intended to be exhaustive. Please refer to recommendations regarding
induction therapy. ASCT, autologous stem cell transplantation; CR, complete response; IV, intravenous; nCR, near CR; ORR, overall response rate; VAD,
vincristine, doxorubicin, dexamethasone; VGPR, very good partial response.
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Box 1 Recommendations regarding
induction therapy

* Transplant-eligible patients should be treated with three to
six cycles of induction prior to ASCT (grade A recommen-
dation, level 1B evidence).

* VAD is no longer a recommended induction regimen
(grade A recommendation, level 1B evidence).

* The incorporation of proteasome inhibitors, thalidomide
or lenalidomide as part of front line induction therapy
(Table 1) improves quality of responses and is considered
standard of care. Currently, only bortezomib and thalido-
mide but not lenalidomide are available on the Australian
PBS for induction therapy for patients with newly diag-
nosed MM.

* Three-drug combinations appear more efficacious than
two-drug combinations (grade B recommendation, level
2A evidence). Four-drug combinations are more toxic
without added efficacy and are not recommended (grade
A recommendation, level 1B evidence).

* The choice of induction therapy (Table 1) is dependent on
local availability/access to novel therapeutic agents and
should take into consideration the patient’s prognostic
indices and comorbidities, for example:

* For patients categorised as having high-risk MM
(Table 2) or with renal impairment, the use of bortezomib
early in the disease course should be considered (grade A
recommendation, level 1B evidence).

* For patients with pre-existing neuropathy, thalidomide
or bortezomib should be used with caution with appropri-
ate dose attenuation upon worsening of neuropathic
symptoms. A weekly schedule of bortezomib 1.5 mg/m2
and subcutaneous route of administration appear to sig-
nificantly reduce neurotoxicity compared with the tradi-
tional bortezomib schedule of 1.3 mg/m2 IV on days 1, 4,
8, 11 every 21 days.

* For patients with severe renal impairment,
lenalidomide-based regimens are not the induction of
choice because of renal clearance of lenalidomide.

* For patients with previous history or at high-risk of
thromboembolic complications, thalidomide and lenali-
domide, although not absolutely contraindicated, should
be avoided if other effective induction options are avail-
able. For recommendations with respect to thromboem-
bolic prophylaxis for patients treated with thalidomide or
lenalidomide, please refer to the MSAG Multiple Myeloma
Clinical Practice Guideline (http://www.myeloma.org.au).

ASCT, autologous stem cell transplantation; IV, intravenous; MM, multiple
myeloma; PBS, pharmaceutical benefits scheme; VAD, vincristine,
doxorubicin, dexamethasone.

(Mozobil, Sanofi-Aventis, Bridgewater, NJ, USA), a
chemokine receptor-4 antagonist, has been shown to be
a potent stem cell mobiliser. Its use in combination with
rhG-CSF significantly improves stem cell mobilisation
compared with rhG-CSF alone.*® Because of high cost,
plerixafor is generally reserved for patients who fail to
mobilise adequately as either a rescue strategy or during
a second mobilisation attempt under the PBS reimburse-
ment criteria in Australia.

© 2015 Royal Australasian College of Physicians

Box 2 Recommendations regarding
stem cell mobilisation

* Stem cell mobilisation regimen should follow institution
protocol.

e Stem cells can be mobilised with rthG-CSF alone or rhG-
CSF
(10 mcg/kg) in combination with high-dose cyclophospha-
mide (2-4 g/m?).

* The use of high-dose cyclophosphamide has the advan-
tage of increasing CD34 + yield but is also associated with
more toxicity.

* rhG-CSF alone may be adequate for the initial attempt of
stem cell mobilisation after thalidomide or bortezomib-
based induction therapy. However, combination rhG-CSF
and high-dose cylophosphamide may be required after
lenalidomide-based induction therapy, and it is recom-
mend that stem cell mobilisation is attempted before
patients have received more than four treatment cycles
(grade B recommendation, level 2B evidence).

* Plerixafor in combination with rhG-CSF significantly
improves stem cell mobilisation and is reserved for
patients who fail to mobilise adequately on cyclophospha-
mide plus rhG-CSF, or thG-CSF alone (grade B recom-
mendation, level 2B evidence).

rhG-CSF, recombinant human granulocyte colony stimulating factor.

Box 3 Recommendations regarding
follow up post-ASCT

Post-ASCT, patients should be followed up monthly until
stable, then 3 monthly or less frequent if there appears
to be disease stability (grade C recommendation, level 4
evidence).
Follow up assessment should include:
* Clinical assessment.
* Serum * urinary protein electrophoresis (immunofixation
not required).
* Serum free light chains.
* FBE, U&E, Ca2+.
¢ Targeted radiographic imaging if indicated.

ASCT, autologous stem cell transplantation; FBE, full blood evaluation;
HDT, high-dose therapy; U&E, urea and electrolytes.

Bortezomib and thalidomide on their own do not
appear to impair stem cell mobilisation*’ in patients who
have received fewer than four induction treatment
cycles. Recent reports have indicated that thalidomide
and oral cyclophosphamide, two agents that have not
been shown to impact stem cell mobilisation individually,
may induce a higher rate of stem cell mobilisation failure
when used in combination.” Lenalidomide has been
reported to reduce the number of CD34 + cells col-
lected.”® Mobilisation using rhG-CSF alone after
lenalidomide-based induction therapy may be inferior
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Box 4 Recommendations regarding
maintenance therapy post-ASCT

* Maintenance therapy with thalidomide 100 mg daily
with or without corticosteroids is recommended in
patients following first-line treatment with HDT and
ASCT (grade A recommendation, level 1A evidence).

* Thalidomide + prednisolone maintenance post-ASCT
should continue for approximately 12 months. The
benefit of maintenance beyond 12 months remains to be
proven (grade A recommendation, level 1A evidence).

* Lenalidomide maintenance post-ASCT is well tolerated,
improves PFS and possibly OS (grade A recommenda-
tion, level 1B evidence). At present, lenalidomide is not
registered for this indication, and hence we cannot cur-
rently routinely recommended lenalidomide mainte-
nance.

* The dose schedule and role of maintenance bortezomib
is still unclear, and bortezomib is not registered for this
use. Bortezomib maintenance is not recommended
(grade C recommendation, level 4 evidence).

ASCT, autologous stem cell transplant/transplantation; HDT, high-dose
chemotherapy; OS, overall survival; PFS, progression-free survival.

Box 5 Recommendations regarding
alloSCT

e Currently, alloSCT is still considered investigational and
should ideally be performed in the setting of a clinical trial
(grade C recommendation, level 4 evidence).

* Young patients with high-risk MM (Table 2) who are con-
sidered potentially suitable for alloSCT should be referred
early to the transplant physician at the outset of treatment
(grade C recommendation, level 4 evidence).

alloSCT, allogeneic stem cell transplantation; MM, multiple myeloma.

to combination therapy using rhG-CSF and high-
dose cyclophosphamide,*® and the latter should be
considered for stem cell mobilisation. It is strongly
advised to mobilise patients prior to receiving four cycles
of lenalidomide-based induction therapy. Please refer to
Box 2 for summary of recommendations.

Monitoring after ASCT

The average TTP for patients after HDT and ASCT is in the
order of 2—4 years for younger patients and shorter for
older patients. The final magnitude of response post-ASCT
should be assessed after 2-3 months. Patients should be
followed up with clinical and laboratory assessments,
looking for evidence of relapse/progression. Testing
should include serum or urinary paraprotein levels (SFLC
levels are used in patients with unmeasurable paraprotein
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Box 6 Recommendations for patients
with high-risk MM

The optimal management for patients with high-risk MM
remains uncertain. There is no proven risk stratification
approach:

* Consider using bortezomib-based regimen as part of
induction treatment (grade A recommendation, level 1B
evidence).

* Consider early referral for allogeneic stem cell transplant
consideration for selected patients with HLA-matched
sibling. However, the role of allogeneic stem cell trans-
plant, even in the high-risk setting is still unclear and
requires discussions with both the transplant and treating
haematologist early in the disease course (grade C recom-
mendation, level 4 evidence).

* Consider tandem autologous stem cell transplant (grade B
recommendation, level 2B evidence).

HLA, human leucocyte antigen; MM, multiple myeloma.

in blood or urine), full blood count, serum calcium levels
and renal function. In assessing response, it is important
not to misinterpret the emergence of oligoclonal bands as
relapsed disease or clonal evolution. Oligoclonal response
after primary therapy is a well-recognised event, and can
appear as multiple oligoclonal bands in serum and/or
urine immunofixation; it is thought to be related to
immune reconstitution and is associated with a favourable
outcome.’* Initial follow up for patients is usually monthly
until stable, then 3 monthly or less frequent subsequently
if there appears to be disease stability. Please refer to Durie
et al.”® for uniform response criteria to assess response and
relapse after treatment. Please refer to Box 3 for summary
of recommendations.

Consolidation and maintenance therapy
post-ASCT

Consolidation following ASCT refers to a short treatment
course that improves depth of response.?* At the current
time, there are insufficient data to determine if consoli-
dation therapy improves long-term outcome in MM. The
VCAT (Bortezomib Consolidation after Transplant) study
is currently ongoing and may answer this question in due
course. In contrast, maintenance therapy with thalido-
mide post-ASCT has proven to prolong both PFS and
0S.>* Treatment is generally tolerated for a median of
approximately 12 months. Toxicity, in particular periph-
eral neuropathy, is the main reason for early thalidomide
discontinuation. Lenalidomide maintenance post-ASCT
has been assessed in two phase III studies. A reduced risk
of disease progression by 50-52% (P < 0.001)>*°° was
seen, and one study showed a significant reduction in
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risk of death.’® Grade >3 neutropenia was the most fre-
quent adverse events. A higher incidence of secondary
malignancies was noted in the lenalidomide arm in both
studies (7.8-8.5% lenalidomide vs approximately 3%
placebo). With respect to lenalidomide-associated second
primary malignancies, a recent meta-analysis has shown
that the risk pertains to secondary haematological malig-
nancies and is closely related to the use of oral
melphalan.”” The current general consensus is that the
benefits of lenalidomide treatment with lenalidomide
until disease progression appear to outweigh the risks,
although longer-term follow up is required. It is
unknown whether maintenance with lenalidomide is
equivalent to maintenance with thalidomide in terms of
efficacy or toxicity. It is assumed that bortezomib, like
thalidomide or lenalidomide, likely improves depth of
response when used as consolidation or maintenance.
However, the design of available studies, which incorpo-
rated different induction and consolidation arms, makes
it difficult to elucidate the impact of bortezomib mainte-
nance on survival.?® As such, no firm conclusions regard-
ing bortezomib maintenance can be made. Please refer to
Box 4 for summary of recommendations.

Allogeneic stem cell transplant

‘Graft versus myeloma (GVM)’ effect has been shown to
exist in the setting of allogeneic stem cell transplantation
(alloSCT).>® However, while this may give rise to some
long-term durable remissions,’” myeloablative alloSCT is
associated with a high TRM of up to 50%. The subsequent
introduction of reduced intensity conditioning (RIC)
alloSCT hasled to a lower TRM, approximately 10-15% at
1 year, while maintaining the GVM effect. Three prospec-
tive trials have been published that assessed the role of
alloSCT as part of planned initial therapy in patients with
MM. In the Intergroupe Francophone du Myelome
(IFM)99-03 study,®® patients with high-risk (dell3q +
B,-microglobulin > 3 mg/mL) and available sibling donors
underwent MEL200 (melphalan 200 mg/m?) ASCT fol-
lowed by RIC alloSCT with antithymocyte globulin,
busulphan and fludarabine conditioning. Patients without
adonor had a second ASCT. At the time of initial reporting,
median EFS and OS were similar in the two cohorts, EFS
35 versus 32 months, P =ns (not significant), and OS 47
versus 35 months, P =ns, in ASCT + RIC alloSCT versus
tandem ASCT respectively. However, after longer follow
up, OS was found to be significantly inferior in patients
assigned to RIC alloSCT.®! An Italian randomised study
also compared tandem ASCT versus ASCT followed by RIC
alloSCT (non-myeloablative total body irradiation condi-
tioning). Poor prognostic features were not required for
trial entry. A superior long-term outcome was seen in
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patients who had available sibling donors (OS: 80 vs 54
months, P=0.01; EFS: 35 vs 29 months. P=0.02).* In the
Spanish PETHEMA (Spanish myeloma group) trial,*> com-
parisons were made between a second ASCT and RIC
(melphalan and fludarabine) alloSCT in a group of
patients who achieved <VGPR to their first ASCT. A higher
rate of CR and a plateau in PFS in favour of RIC alloSCT
was seen (40% vs 11%, P=0.001) in this group. However,
because of a higher TRM and graft versus host disease, no
statistical difference in EFS and OS was observed. Finally,
interim results from the Blood and Marrow Transplant
Clinical Trials Network 0102 Trial showed equivalent
3-year PFS and OS for tandem auto-auto versus auto-allo
stem cell transplant both high-risk®* and standard-risk®
MM patients; 2 Gy total body irradiation was used as the
non-myeloablative conditioning regimen in the alloSCT
arm. There was a trend to lower late PFS and TTP/relapse
in the auto-alloSCT arm in the high-risk group (P =0.09);
however, no added benefit from auto-alloSCT was seen in
the standard-risk group over tandem ASCT because of
increased TRM. Please refer to Box 5 for summary of
recommendations.

High-risk multiple myeloma

Several factors are known to confer a poorer prognosis in
patients with MM (Table 2). These include older age,®®
higher International Stage System (ISS) stage, high lactate
dehydrogenase (LDH), high plasma cell labelling index
and the cytogenetic abnormalities: 13q deletion (identi-
fied by standard cytogenetic), t(4;14), t(4;16) and 17p
deletion (as identified by fluorescent in situ hybridisation
(FISH)).*¢7%8  Amplification of chromosome 1q21 (by
FISH) has also been shown to be associated with both
shorter time to disease progression and poorer progno-
sis.®*7° By definition, patients with high-risk MM are
considered those with an OS of 2 years or less despite
treatment with IMiD and proteasome inhibitors.”! The
most robust factors that are consistently associated with
such poor survival are higher ISS stage and the cytogenetic
abnormalities 17p deletion and t(4;14). Recently, this has
led to a proposed revised(R)-ISS risk stratification system
that incorporates ISS stage, LDH and high-risk iFISH
(del17p and t(4;14)). The R-ISS risk stratification system
(Table 2) was recently shown to identify clearly three
different MM prognostic groups in patients who were
treated in the era of IMiD and proteasome inhibitors. If this
is confirmed by prospective evaluation, it will likely super-
sede the current ISS staging system.”!”?

Several reports have confirmed that bortezomib is
effective even in the presence of poor risk cytogenetics
(13q deletion, t(4;14), amplq21 and perhaps even 17p
deletion).?*7%7>7> Preliminary data suggest that the same
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Table 2 Factors associated with poorer prognosis in multiple myeloma

High-risk factors The following tests for
high-risk disease are
routinely available in Australia

and are recommended

ISS (International Stage System) IlI
(Serum B, microglobulin >5.5 mg/L)

B2 microglobulin
Albumin

Conventional cytogenetics

» Del17p

» Hypodiploidy

« Deletion of chromosome 13+

Conventional cytogeneticst

Fluorescent in situ
hybridisation (FISH)#

Fluorescent in situ
hybridisation (FISH)

. t4;14) . t4;14)

. t(14;16) . t(14;16)

» Del17p * Del17p

+ 1921 amplification + 1921 amplification.

Plasma cell labelling index >3% Plasma cell labelling index (by

flow cytometry)g

High lactate dehydrogenase (LDH) LDH
Revised (R)-ISS risk stratification model* 5-year
0S (%)
R-ISS | « ISS | (serum B.M < 3.5 mg/L and serum albumin 81
> 35 g/L) AND
* Normal LDH AND
« No high-risk iFISH profile (defined as del17p
and/or t(4;14) and/or t(14;16))
R-ISS I « Patients failing to meet criteria for R-ISS | or IIl 62
R-ISS 1l 1SS Il (serum B2 microglobulin > 5.5 mg/L) AND 39
« High-risk iFISH OR
« High LDH

tt(4;14) and del(17p) are often associated with del(13q), and it appears
that most of the negative impact of del(13q) is related to t(4;14) or
del(17p). +Cytogenetics and FISH should only be requested in patients in
whom the identification of high risk would impact management.
Cytogenetics is often only possible in patients with >15% plasma cells in
the aspirate as the yield of metaphases is low with a lesser plasma cell
burden. §Available at Royal Prince Alfred Hospital, NSW, Australia. LDH,
lactate dehydrogenase; OS, overall survival.

References

3 Koreth J, Cutler CS, Djulbegovic B, Behl

may apply to lenalidomide.”® A possible beneficial role of
tandem ASCT in patients with poor prognostic features
was suggested in an integrated analysis of phase III Euro-
pean studies, in which patients were prospectively
assigned to receive either single or tandem ASCT. Tandem
ASCT resulted in OS benefit compared with single ASCT,
which was particularly evident in patients with high-risk
cytogenetics and who failed to achieve CR post-
bortezomib-based induction (5-year OS estimate 70% vs
17% with single ASCT, P < 0.001).%! The role of alloSCT
in patients with high-risk MM remains uncertain but is
an area of active investigation. Please refer to Box 6 for
summary of recommendations.

Conclusion

In transplant-eligible patients, ASCT remains a corner-
stone of front-line therapy to maximise depth and
durability of CR in our ultimate quest for improved sur-
vival while maintaining QOL. Based on current available
data, we recommend that the most appropriate strategy
for frontline treatment in transplant-eligible patients
with MM should include an induction regimen contain-
ing either bortezomib or an IMiD, followed by HDT +
ASCT, then thalidomide maintenance (Fig.1). The
routine use of bortezomib or lenalidomide post-
transplant as consolidation or maintenance is yet to be
proven superior to thalidomide maintenance. We believe
that a national consensus for treatment algorithm of MM
will improve patterns of care in Australia; the clinical
practice guideline for MM will be updated by the MSAG
to the MFA on an annual basis.

5 Kyriakou C, Thomson K, D’Sa S, Flory

|5

1 Levy V, Katsahian S, Fermand JP, Mary
JY, Chevret S. A meta-analysis on data
from 575 patients with multiple
myeloma randomly assigned to either
high-dose therapy or conventional
therapy. Medicine (Baltimore) 2005; 84:
250-60.

van de Velde HJ, Liu X, Chen G, Cakana
A, Deraedt W, Bayssas M. Complete
response correlates with long-term
survival and progression-free survival in
high-dose therapy in multiple myeloma.
Haematologica 2007; 92: 1399-406.

102

R, Schlossman RL, Munshi NC et al.
High-dose therapy with single
autologous transplantation versus
chemotherapy for newly diagnosed
multiple myeloma: a systematic review
and meta-analysis of randomized
controlled trials. Biol Blood Marrow
Transplant 2007; 13: 183-96.

4 Martinez-Lopez J, Blade J, Mateos MV,

Grande C, Alegre A, Garcia-Larana J
et al. Long-term prognostic significance
of response in multiple myeloma after
stem cell transplantation. Blood 2011;
118: 529-34.

(=)

A, Hanslip J, Goldstone AH et al.
Low-dose thalidomide in combination
with oral weekly cyclophosphamide and
pulsed dexamethasone is a well
tolerated and effective regimen in
patients with relapsed and refractory
multiple myeloma. Br J Haematol 2005;
129: 763-70.

Lokhorst HM, van der Holt B,
Zweegman S, Vellenga E, Croockewit S,
van Oers MH ef al. A randomized phase
3 study on the effect of thalidomide
combined with adriamycin,
dexamethasone, and high-dose

© 2015 Royal Australasian College of Physicians



N

o)

e

10

1

—

13

14

melphalan, followed by thalidomide
maintenance in patients with multiple
myeloma. Blood 2010; 115: 1113-20.
Reeder CB, Reece DE, Kukreti V, Chen
C, Trudel S, Laumann K ef al. Once-
versus twice-weekly bortezomib
induction therapy with CyBorD in
newly diagnosed multiple myeloma.
Blood 2010; 115: 3416-17.

Popat R, Oakervee HE, Hallam S, Curry
N, Odeh L, Foot N et al. Bortezomib,
doxorubicin and dexamethasone (PAD)
front-line treatment of multiple
myeloma: updated results after
long-term follow-up. Br J Haematol
2008; 141: 512-16.

Morgan GJ, Schey SA, Wu P, Srikanth
M, Phekoo KJ, Jenner M et al.
Lenalidomide (Revlimid), in
combination with cyclophosphamide
and dexamethasone (RCD), is an
effective and tolerated regimen for
myeloma patients. Br J Haematol 2007;
137: 268-9.

Paiva B, Martinez-Lopez J, Vidriales MB,
Mateos MV, Montalban MA,
Fernandez-Redondo E et al. Comparison
of immunofixation, serum free light
chain, and immunophenotyping for
response evaluation and prognostication
in multiple myeloma. J Clin Oncol 2011;
29: 1627-33.

Reece DE. Posttransplantation
maintenance therapy and optimal
frontline therapy in myeloma.
Hematology Am Soc Hematol Educ Program
2011; 2011: 197-204.

Fermand JP, Ravaud P, Chevret S,
Divine M, Leblond V, Belanger C et al.
High-dose therapy and autologous
peripheral blood stem cell
transplantation in multiple myeloma:
up-front or rescue treatment? Results of
a multicenter sequential randomized
clinical trial. Blood 1998; 92: 3131-6.
Palumbo A, Cavallo F, Hardan I,

Lupo B, Redoglia, Boccadoro M.
Melphalan/prednisone/lenalidomide
(MPR) versus high-dose melphalan
and autologous transplant-

ation (MEL200) plus lenalidomide
maintenance or no maintenance in
newly diagnosed multiple myeloma
(MM) patients [abstract 8509]. ASCO
Annual Meeting, Chicago, IL; 2013.
Palumbo A, Gay F, Spencer A,
Raimondo F, Zdenek A, Boccadoro M.
A phase III study of ASCT Vs
cyclophosphamide-lenalidomide-
dexamethasone and lenalidomide-

© 2015 Royal Australasian College of Physicians

15

16

17

20

2

—

22

prednisone maintenance vs lenalidomide
alone in newly diagnosed myeloma
patients [abstract 763]. 53rd ASH
Annual Meeting, New Orleans, LA;
2013.

Cavallo F, Spencer A, Gay F, Hajek R,
Palumbo A. Early Autologous Stem Cell
Transplantation Improves Survival in
Newly Diagnosed Multiple Myeloma
Patients (abstract S1338). 19th Congress
of the European Haematology
Association, 2014.

Siegel D, Jacobus S, Rajkumar SV.
Outcome with lenalidomide plus
dexamethasone followed by early
autologous stem cell transplantation in
the ECOG E4A03 randomized clinical
trial [abstract 38]. 53rd ASH Annual
Meeting, New Orleans, LA; 2013.
Barlogie B, Jagannath S, Vesole DH,
Naucke S, Cheson B, Mattox S et al.
Superiority of tandem autologous
transplantation over standard therapy
for previously untreated multiple
myeloma. Blood 1997; 89: 789-93.
Kumar A, Kharfan-Dabaja MA,
Glasmacher A, Djulbegovic B. Tandem
versus single autologous hematopoietic
cell transplantation for the treatment of
multiple myeloma: a systematic review
and meta-analysis. J Natl Cancer Inst
2009; 101: 100-6.

Giralt S, Vesole DH, Somlo G, Krishnan
A, Stadtmauer E, McCarthy P et al. Re:
tandem vs single autologous
hematopoietic cell transplantation for
the treatment of multiple myeloma: a
systematic review and meta-analysis. J
Natl Cancer Inst 2009; 101: 964, author
reply 966-7.

Sonneveld P, Schmidt-Wolf IG, van der
Holt B, El Jarari L, Bertsch U, Salwender
H et al. Bortezomib induction and
maintenance treatment in patients with
newly diagnosed multiple myeloma:
results of the randomized phase 1T
HOVON-65/GMMG-HD4 trial. J Clin
Oncol 2012; 30: 2946-55.

Cavo M, Salwender H, Rosinol L,
Moreau P, Petrucci MT, Goldschmidt H.
Double vs single autologous stem cell
transplantation after bortezomib-based
induction regimens for multiple
myeloma: an integrated analysis of
patient-level data from phase European
III studies [abstract 767]. 53rd ASH
Annual Meeting, New Orleans, LA;
2013.

Attal M, Harousseau JL, Facon T,
Guilhot F, Doyen C, Fuzibet JG et al.

Treatment of myeloma in younger patients

23

24

2

v

26

27

28

29

Single versus double autologous
stem-cell transplantation for multiple
myeloma. N Engl J Med 2003; 349:
2495-502.

Cavo M, Tosi P, Zamagni E, Cellini C,
Tacchetti P, Patriarca F et al. Prospective,
randomized study of single compared
with double autologous stem-cell
transplantation for multiple myeloma:
Bologna 96 clinical study. J Clin Oncol
2007; 25: 2434-41.

Cavo M, Tacchetti P, Patriarca F,
Petrucci MT, Pantani L, Galli M 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: 2075-85.

Mellgvist UH, Lenhoff S, Johnsen HE,
Hjorth M, Holmberg E, Juliusson G et al.
Cyclophosphamide plus dexamethasone
is an efficient initial treatment before
high-dose melphalan and autologous
stem cell transplantation in patients with
newly diagnosed multiple myeloma:
results of a randomized comparison with
vincristine, doxorubicin, and
dexamethasone. Cancer 2008; 112:
129-35.

Spencer A, Seldon M, Deveridge S,
Cobcroft R, Cull G, Marlton P et al.
Induction with oral chemotherapy (CID)
followed by early autologous stem cell
transplantation for de novo multiple
myeloma patients. Hematol J 2004; 5:
216-21.

Joshua DE, Penny R, Matthews JP,
Laidlaw CR, Gibson J, Bradstock K et al.
Australian Leukaemia Study Group
myeloma II: a randomized trial of
intensive combination chemotherapy
with or without interferon in patients
with myeloma. Br J Haematol 1997; 97:
38-45.

Cavo M, Zamagni E, Tosi P, Tacchetti P,
Cellini C, Cangini D et al. Superiority of
thalidomide and dexamethasone over
vincristine-doxorubicindexamethasone
(VAD) as primary therapy in preparation
for autologous transplantation for
multiple myeloma. Blood 2005; 106:
35-9.

Rajkumar SV, Blood E, Vesole D,
Fonseca R, Greipp PR. Phase I clinical
trial of thalidomide plus dexamethasone
compared with dexamethasone alone in

103



Quach et al.

30

31

32

3

w

34

3

v

36

newly diagnosed multiple myeloma: a
clinical trial coordinated by the Eastern
Cooperative Oncology Group. J Clin
Oncol 2006; 24: 431-6.

Rajkumar SV, Hayman S, Gertz MA,
Dispenzieri A, Lacy MQ, Greipp PR et al.
Combination therapy with thalidomide
plus dexamethasone for newly
diagnosed myeloma. J Clin Oncol 2002;
20: 4319-23.

Wau P, Davies FE, Horton C, Jenner MW,
Krishnan B, Alvares CL et al. The combi-
nation of cyclophosphomide, thalido-
mide and dexamethasone is an effective
alternative to cyclophosphamide —
vincristine — doxorubicin — methylpre-
dnisolone as induction chemotherapy
prior to autologous transplantation for
multiple myeloma: a case-matched
analysis. Leuk Lymphoma 2006; 47:
2335-8.

Harousseau JL, Attal M, Avet-Loiseau H,
Marit G, Caillot D, Mohty M et al.
Bortezomib plus dexamethasone is
superior to vincristine plus doxorubicin
plus dexamethasone as induction
treatment prior to autologous stem-cell
transplantation in newly diagnosed
multiple myeloma: results of the [FM
2005-01 phase I trial. J Clin Oncol
2010; 28: 4621-9.

Jagannath S, Durie BG, Wolf J,
Camacho E, Irwin D, Lutzky J et al.
Bortezomib therapy alone and in
combination with dexamethasone for
previously untreated symptomatic
multiple myeloma. Br J Haematol 2005;
129: 776-83.

Oakervee HE, Popat R, Curry N, Smith P,
Morris C, Drake M et al. PAD combina-
tion therapy (PS-341/bortezomib,
doxorubicin and dexamethasone) for
previously untreated patients with multi-
ple myeloma. Br J Haematol 2005; 129:
755-62.

Reeder CB, Reece DE, Kukreti V, Chen
C, Trudel S, Hentz J et al.
Cyclophosphamide, bortezomib and
dexamethasone induction for newly
diagnosed multiple myeloma: high
response rates in a phase II clinical trial.
Leukemia 2009; 23: 1337-41.

Einsele H, Liebes L, Langer C, Kropff M,
Wandt H, Knop S. ef al. Velcade,
intravenous cyclophosphamide and
dexamethasone (VCD) induction for
previously untreated multiple myeloma
(German DSMM XlIa trial [abstract
131]). 51st ASH Annual Meeting, New
Orleans, LA; 2009.

104

37

38

39

40

4

—

42

43

44

Rajkumar SV, Jacobus S, Callander NS,
Fonseca R, Vesole DH, Williams ME et al.
Lenalidomide plus high-dose dexame-
thasone versus lenalidomide plus
low-dose dexamethasone as initial
therapy for newly diagnosed multiple
myeloma: an open-label randomised
controlled trial. Lancet Oncol 2010; 11:
29-37.

Kumar SK, Lacy MQ, Hayman SR,
Stewart K, Buadi FK, Allred J et al.
Lenalidomide, cyclophosphamide and
dexamethasone (CRd) for newly diag-
nosed multiple myeloma: results from a
phase 2 trial. Am J Hematol 2011; 86:
640-5.

Ludwig H, Viterbo L, Greil R, Masszi T,
Harousseau J. Bortezomib, thalidomide,
and dexametahsone (VID) versus VID
plus cyclophosphamide as induction
therapy in previously untreated multiple
myeloma patients eligible for HDT-ASCT:
a randomized phase 2 trial [abstract
2312]. 51st ASH Annual Meeting, New
Orleans, LA; 2009.

Rajkumar SV, Jacobus S, Callander NS,
Fonseca R, Vesole DH, Williams ME 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:
29-37.

Kumar S, Flinn I, Richardson PG, Hari
P, Callander N, Noga SJ et al.
Randomized, multicenter, phase 2 study
(EVOLUTION) of combinations of
bortezomib, dexamethasone,
cyclophosphamide, and lenalidomide in
previously untreated multiple myeloma.
Blood 2012; 119: 4375-82.

Sonneveld P, Goldschmidt H, Rosinol L,
Blade J, Lahuerta JJ, Cavo M et al.
Bortezomib-based versus
nonbortezomib-based induction treat-
ment before autologous stem-cell trans-
plantation in patients with previously
untreated multiple myeloma: a meta-
analysis of phase ITI randomized,
controlled trials. J Clin Oncol 2013; 31:
3279-87.

Simpson D, McCulloch R, Lian J,
Fernyhough L. Weekly subcutaneous
bortezomib is well tolerated and effective
as initial therapy of symptomatic
myeloma [abstract 3229]. 53rd ASH
Annual Meeting, New Orleans, LA; 2013.
Olivia S, Caltagirone S, Passera R.
Revised-International Staging System

45

46

47

48

49

50

5

—

(R-ISS): a new and simple prognostic
assessment for multiple myeloma
[abstract S1289]. 19th Congress of the
European Hematology Association
(EHA), Milan; June 2014.

Dingli D, Nowakowski GS, Dispenzieri
A, Lacy MQ, Hayman S, Litzow MR

et al. Cyclophosphamide mobilization
does not improve outcome in patients
receiving stem cell transplantation for
multiple myeloma. Clin Lymphoma
Myeloma 2006; 6: 384-8.

Mark T, Stern J, Furst JR, Jayabalan D,
Zafar F, LaRow A et al. Stem cell
mobilization with cyclophosphamide
overcomes the suppressive effect of
lenalidomide therapy on stem cell
collection in multiple myeloma. Bio!
Blood Marrow Transplant 2008; 14:
795-8.

Hiwase DK, Bollard G, Hiwase S, Bailey
M, Muirhead J, Schwarer AP.
Intermediate-dose CY and G-CSF more
efficiently mobilize adequate numbers of
PBSC for tandem autologous PBSC
transplantation compared with low-dose
CY in patients with multiple myeloma.
Cytotherapy 2007; 9: 539-47.

DiPersio JF, Micallef IN, Stiff PJ, Bolwell
BJ, Maziarz RT, Jacobsen E et al. Phase
101 prospective randomized double-blind
placebo-controlled trial of plerixafor plus
granulocyte colony-stimulating factor
compared with placebo plus granulocyte
colony-stimulating factor for autologous
stem-cell mobilization and
transplantation for patients with
non-Hodgkin’s lymphoma. J Clin Oncol
2009; 27: 4767-73.

Kumar S, Giralt S, Stadtmauer EA,
Harousseau JL, Palumbo A, Bensinger W
et al. Mobilization in myeloma revisited:
IMWG consensus perspectives on stem
cell collection following initial therapy
with thalidomide-, lenalidomide-, or
bortezomib-containing regimens. Blood
2009; 114: 1729-35.

Auner HW, Mazzarella L, Cook L,
Szydlo R, Saltarelli F, Pavlu J et al.

High rate of stem cell mobilization
failure after thalidomide and oral
cyclophosphamide induction therapy
for multiple myeloma. Bone Marrow
Transplant 2011; 46: 364-7.

Pozotrigo M, Adel N, Landau H,
Lesokhin A, Lendvai N, Chung DJ et al.
Factors impacting stem cell mobilization
failure rate and efficiency in multiple
myeloma in the era of novel therapies:
experience at Memorial Sloan Kettering

© 2015 Royal Australasian College of Physicians



52

53

54

55

56

57

58

59

60

Cancer Center. Bone Marrow Transplant
2013; 48: 1033-9.

Fernandez de Larrea C, Tovar N, Cibeira
MT, Arostegui JI, Rosinol L, Elena M

et al. Emergence of oligoclonal bands in
patients with multiple myeloma in
complete remission after induction
chemotherapy: association with the use
of novel agents. Haematologica 2011; 96:
171-3.

Durie BG, Harousseau JL, Miguel JS,
Blade J, Barlogie B, Anderson K et al.
International uniform response criteria
for multiple myeloma. Leukemia 2006;
20: 2220.

Morgan GJ, Gregory WM, Davies FE,
Bell SE, Szubert AJ, Brown JM et al. The
role of maintenance thalidomide therapy
in multiple myeloma: MRC Myeloma IX
results and meta-analysis. Blood 2012;
119: 7-15.

Attal M, Lauwers-Cances V, Marit G,
Caillot D, Moreau P, Facon T et al.
Lenalidomide maintenance after
stem-cell transplantation for multiple
myeloma. N Engl J Med 2012; 366:
1782-91.

McCarthy PL, Owzar K, Hofmeister CC,
Hurd DD, Hassoun H, Richardson PG

et al. Lenalidomide after stem-cell
transplantation for multiple myeloma. N
Engl J Med 2012; 366: 1770-81.
Palumbo A, Bringhen S, Kumar SK,
Lupparelli G, Usmani S, Waage A et al.
Second primary malignancies with
lenalidomide therapy for newly
diagnosed myeloma: a meta-analysis of
individual patient data. Lancet Oncol
2014; 15: 333-42.

Tricot G, Vesole DH, Jagannath S,
Hilton J, Munshi N, Barlogie B.
Graft-versus-myeloma effect: proof of
principle. Blood 1996; 87: 1196-8.
Corradini P, Voena C, Tarella C, Astolfi
M, Ladetto M, Palumbo A et al.
Molecular and clinical remissions in
multiple myeloma: role of autologous
and allogeneic transplantation of
hematopoietic cells. J Clin Oncol 1999;
17: 208-15.

Garban F, Attal M, Michallet M, Hulin
C, Bourhis JH, Yakoub-Agha I et al.
Prospective comparison of autologous
stem cell transplantation followed

by dose-reduced allograft (IFM99-03
trial) with tandem autologous stem

cell transplantation (IFM99-04 trial)

in high-risk de novo multiple
myeloma. Blood 2006; 107:

3474-80.

© 2015 Royal Australasian College of Physicians

61

62

63

64

65

66

67

68

Moreau P. Autologous or reduced-
intensity conditioning allotransplant-
ation for de novo multiple myeloma.
Bone Marrow Transplant 2009; 43: 591-2.
Bruno B, Rotta M, Patriarca F, Mordini
N, Allione B, Carnevale-Schianca F et al.
A comparison of allografting with
autografting for newly diagnosed
myeloma. N Engl J Med 2007; 356:
1110-20.

Rosinol L, Perez-Simon JA, Sureda A, de
la Rubia J, de Arriba F, Lahuerta JJ et al.
A prospective PETHEMA study of
tandem autologous transplantation
versus autograft followed by
reduced-intensity conditioning
allogeneic transplantation in newly
diagnosed multiple myeloma. Blood
2008; 112: 3591-3.

Stadtmauer EA, Krishna S, Pasquini MC,
Ewell M, Giralt S. Tandem autologous
stem cell transplant (auto-auto) with or
without maintenance therapy versus
single autologous transplant followed by
HLA-matched sibling non-myeloablative
allogeneic stem cell transplant
(auto-allo) for patients with high risk
multiple myeloma: results from the
blood and marrow transplant clincial
trials network (BMT-CTN) 0102 trial
[abstract 526]. 52nd ASH Annual
Meeting, Orlando, FL; 2010.

Krishnan A, Pasquini MC, Ewell M,
Stadmauer EA, Maloney DG. Tandem
autologous hematopoietic stem cell
transplants (AuHCT) with or without
mantenance therapy (auto-auto) versus
single auhct followed by HLA matched
sibling non-myeloablative allogeneic
HCT (auto-allo) for patiens with
standard risk (SR) multiple myeloma
(MM): results from the blood and
marrow transplant clinical trials network
(BMT-CTN) 0102 trial [abstract 41].
52nd ASH Annual Meeting, Orlando,
FL; 2010.

Ludwig H, Bolejack V, Crowley J, Blade
J, Miguel JS, Kyle RA et al. Survival and
years of life lost in different age cohorts
of patients with multiple myeloma. J
Clin Oncol 2010; 28: 1599-605.
Avet-Loiseau H, Attal M, Moreau P,
Charbonnel C, Garban F, Hulin C et al.
Genetic abnormalities and survival in
multiple myeloma: the experience of the
Intergroupe Francophone du Myelome.
Blood 2007; 109: 3489-95.

Harousseau JL, Milpied N, Laporte JP,
Collombat P, Facon T, Tigaud JD et al.
Double-intensive therapy in high-risk

Treatment of myeloma in younger patients

69

70

71

72

7

W

74

7

v

76

multiple myeloma. Blood 1992; 79:
2827-33.

Hanamura I, Stewart JP, Huang Y, Zhan
F, Santra M, Sawyer JR et al. Frequent
gain of chromosome band 1q21 in
plasma-cell dyscrasias detected by
fluorescence in situ hybridization:
incidence increases from MGUS to
relapsed myeloma and is related to
prognosis and disease progression
following tandem stem-cell
transplantation. Blood 2006; 108:
1724-32.

Joshua D, Bashford J, Szer J, Horvath N,
Spencer A, Hertzberg E et al. Response
of newly diangosed myeloma with 121
amplification to borteozmib-based PAD
induction therapy [abstract 8028]. ASCO
Annual Meeting, Chicago, IL; 2010.
Chng WJ, Dispenzieri A, Chim CS,
Fonseca R, Goldschmidt H, Lentzsch S
et al. IMWG consensus on risk
stratification in multiple myeloma.
Leukemia 2014; 28: 269-77.

Stefania O, Caltagirone S, Passera R,
van der Holt B, Palumbo A.
Revised-international staging system
(R-ISS): a new and simple prognostic
assessment for multiple myeloma
(abstract). 19th Congress of the
European Haematology Association,
2014.

Jagannath S, Richardson PG, Sonneveld
P, Schuster MWIrwin D, Stadtmauer EA
et al. Bortezomib appears to overcome
the poor prognosis conferred by
chromosome 13 deletion in phase

2 and 3 trials. Leukemia 2007; 21:
151-7.

Sagaster V, Ludwig H, Kaufmann H,
Odelga V, Zojer N, Ackermann J et al.
Bortezomib in relapsed multiple
myeloma: response rates and duration of
response are independent of a
chromosome 13q-deletion. Leukemia
2007; 21: 164-8.

Neben K, Lokhorst HM, Jauch A,
Bertsch U, Hielscher T, van der Holt B
et al. Administration of bortezomib
before and after autologous stem cell
transplantation improves outcome in
multiple myeloma patients with deletion
17p. Blood 2012; 119: 940-8.

Reece D, Song KW, Fu T, Roland B,
Chang H, Horsman DE et al. Influence of
cytogenetics in patients with relapsed or
refractory multiple myeloma treated
with lenalidomide plus dexamethasone:
adverse effect of deletion 17p13. Blood
2009; 114: 522-5.

105



