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Abstract
Purpose of Review Approximately one half of the patient-population in multiple myeloma (MM) is > 70 years at diagnosis.
Despite notable strides in the management and improved survival, MM remains incurable, with an increasing proportion of
elderly patients comprising the relapsed-refractory cohort.
Recent Findings The arbitrary age cutoff at 65 years to define the elderly patient-population has evolved to a more nuanced
categorization, incorporating a comprehensive assessment for determining frailty prior to commencing treatment. This step is
critical in determining the therapy-intensity, including transplant-eligibility, to minimize toxicity. Dose-modifications are crucial,
as the merits of continuous therapy are becoming evident in this patient-population. Bortezomib, lenalidomide, and dexameth-
asone (VRd) combination has emerged as standard of care for newly diagnosed MM. Fixed-duration Rd followed by reduced-
dosed continuous R may be considered in select frail patients with standard-risk MM.
Summary Herein, we review the unique challenges encountered in elderly MM and discuss strategies for optimal management.
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Introduction

Multiple myeloma (MM) is a plasma cell proliferative disor-
der, accounting for approximately 1.8% of all newly diag-
nosed malignancies in the USA [1]. The median age at diag-
nosis of MM is 69 years, with approximately two-thirds of the
patients being older than 65 years, and one-third of the pa-
tients over 75 years of age at presentation [1, 2]. Various
arbitrary age cutoffs have been used to categorize patients as
elderly, the most common being 65 years. However, an arbi-
trary chronological age cutoff is not ideal, and categorization
of a myeloma patient as elderly is more nuanced with its
dependence upon a multitude of factors besides age. With a

rapidly aging population and a steady decline in MM-related
mortality, the proportion of elderlyMMpatients is expected to
rise in the coming years. In this article, we review the evalu-
ation and treatment strategies for elderly MM, focusing on up-
to-date literature pertaining to the elderly population.

Diagnostic Challenges with MM in the Elderly

The diagnosis of MM is based on documentation of ≥ 10%
plasma cells in the bone marrow and the presence of at least
one myeloma defining event. Traditionally, the CRAB criteria
(C = elevated serum calcium; R = renal insufficiency; A =
anemia; B = lytic bone lesions) had been used as markers of
active disease [3]. Recently, newer criteria have included 3
additional myeloma defining events (MDEs) in the absence
of CRAB features. These include the presence of either clonal
bone marrow plasma cells ≥ 60% by conventional examina-
tion, an involved to uninvolved serum free light chain ratio ≥
100 and/or presence of > 1 lytic lesion on MRI [4]. These
biomarkers in the setting of smoldering MM were incorporat-
ed into the definition of active disease on the basis of a signif-
icantly short progression-free survival (PFS) to active disease
at a rate of approximately 40% per year, indicating that the

This article is part of the Topical Collection on Multiple Myeloma

* Prashant Kapoor
kapoor.prashant@mayo.edu

Saurabh Zanwar
zanwar.saurabh@mayo.edu

Jithma Prasad Abeykoon
abeykoon.jithma@mayo.edu

1 Division of Hematology, Mayo Clinic, 200 First Street SW,
Rochester, MN 55905, USA

Current Hematologic Malignancy Reports (2019) 14:70–82
https://doi.org/10.1007/s11899-019-00500-4

http://crossmark.crossref.org/dialog/?doi=10.1007/s11899-019-00500-4&domain=pdf
mailto:kapoor.prashant@mayo.edu


vast majority of such asymptomatic patients, if merely ob-
served, would require therapy within 2 years of diagnosis
[5–7]. These criteria for treatment initiation may be even more
important in the context of the elderly MM population as
starting therapy early in such situations may prevent debilitat-
ing skeletal complications or renal failure that could potential-
ly preclude use of some therapies subsequently.

Importantly, the baseline renal function might be deranged
in the elderly, usually secondary to other comorbidities such as
diabetes mellitus and hypertension and it is imperative to es-
tablish a link or lack there-of between plasma cell disorder and
renal dysfunction prior to initiating therapy. In a report by
Dimopoulos et al., 63% of patients with age > 80 years at
the diagnosis of MM had a creatinine clearance < 60 ml/
min/1.73 m2 [8]. Elderly patients with poor renal function
reserve are more prone to light chain associated renal damage.
Myeloma-associated renal dysfunction can present as an acute
on chronic kidney injury with progressive decline in renal
function from cast nephropathy, hypercalcemia, light chain
deposition disease, or coexisting AL amyloidosis [9].
Although a renal biopsy is not required in every case, it is
particularly important in ambiguous cases where other poten-
tial factors, including exposure to nephrotoxins such as
NSAID or iodine contrast are felt to play a role.

Frequently, old undetected compression fractures may be
visualized during evaluation for lytic lesions for MM.
Presence of osteopenia, with an asymptomatic vertebral col-
lapse in the absence of any other lytic lesions may point to-
wards non-myelomatous etiology. MRI and PET-CT imaging
techniques can be particularly helpful in differentiating path-
ological fractures due to myelomatous etiologies versus
compression/insufficiency benign fractures [10, 11].
Alternative explanations to non-specific presentations can de-
lay the diagnosis and referral for starting treatment [12]. A
population-based study from the UK reported the average
time from symptom onset to start of treatment for MM was
approximately 6 months [13].

Impact of Age on the Prognosis of Patients
with MM

The therapeutic options for MM have expanded tremendously
over the past decade, and its impact has been reflected in the
improvement in outcomes for patients with MM in the recent
years, including the elderly population [14, 15]. Despite this
observation, the survival of elderly MM patients continues to
be inferior compared to the younger patient population [16,
17]. An explanation for inferior outcome of elderly MM pa-
tients may be the lower rates of autologous stem cell trans-
plantation (ASCT) in this group [18, 19]. In a study of 10,549
patients with newly diagnosed MM, patients under 50 years of
age had a better survival with favorable prognostic features. Age

was an independent predictor of survival in patients not under-
going ASCT, suggesting that factors apart from rates of ASCT
utilization also influence the outcomes in elderly MM [20]. The
process of aging reduces the organ function reserve, leaving
elderly patients more vulnerable to organ damage from MM.
Additionally, the tolerability to chemotherapy and novel agents
is poorer in elderly patients [21, 22]. The presence of comorbid-
ities increases with old age and again has been seen to confer
poorer outcomes in patients with MM [22, 23].

Evaluation

Goals of Therapy: The goals of therapy in a fit patient with
newly diagnosed MM are to achieve rapid and deep response,
through aggressive induction therapy preferably followed by
ASCT as elaborated by multiple studies previously [24–26].
Elderly patients, especially frail patients, are often underrep-
resented in clinical trials as most of the elderly patients that are
included in clinical trials tend to be fitter, with less comorbid-
ity [27]. Therefore, extrapolating treatment strategies tested in
such patients to those in the community can be difficult.
Frequent dose reductions or premature treatment discontinua-
tions are encountered [28, 29]. Achieving a deeper response
with induction therapy, even in the elderly transplant ineligible
patients, has been shown to correlate with improved survival
in patients undergoing transplant [30–32]. Thus, goals of ther-
apy of achieving deep and sustained responses are fairly sim-
ilar to those in the young population, but the balancing act of
matching efficacy with acceptable toxicity plays a significant
role, particularly when it comes to choosing induction therapy
in elderly MM.

Geriatric Assessment in the Care of Elderly MM: Evaluation of
fitness for therapy of an elderly patient with MM requires a
detailed assessment and incorporation of comprehensive geri-
atric assessment (CGA) adds value beyond routine assessment
of performance status alone [33]. Comprehensive geriatric
assessment is a multidimensional tool focused at assessing
an elderly patient’s medical, psychological, social, and func-
tional capacity, giving a more holistic picture of geriatric
health. Tailoring therapy on the basis of CGA has been shown
to improve various health outcomes impacting both morbidity
and mortality [34–36]. However, it is quite time consuming
and often becomes impractical in busy clinics. Palumbo et al.
attempted to address this issue and proposed a simplified ge-
riatric assessment scale for assessing frailty based on analysis
of 869 elderly patients with newly diagnosed MM that were
enrolled in three clinical trials across 72 institutions in Europe
[37••]. Three different scales were administered to these pa-
tients, the Katz Activities of Daily Living, Lawton
Instrumental Activities of Daily Living, and the Charlson
Comorbidity Index. Age was also incorporated and based on
the results of these, a combined additive score (range 0–5) was
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formulated. Patients were divided into fit (score 0), interme-
diate fit (score 1), and frail (score ≥ 2) categories. This score
was predictive of OS with 3-year OS of 84% in the fit group,
76% in the intermediate fit group, and 57% in the frail group
(hazard ratio 3.57; p < 0.01). The risk of grade 3/4 non-
hematologic toxicities was also significantly increased in the
frail group (HR 1.57; 95% CI 1.12–2.2) compared to the fit
group. Performance status was not shown to be predictive for
OS in this study. On the other hand, the frailty score was
shown to have greater impact on survival than the cytogenetic
profile of the patients, further highlighting its importance.
A limitation of this study, however, was the lack of an
independent validation cohort as well as use of the data
to devise a proposed index in patients who were fit enough
to be enrolled in trials. Nonetheless, this appears to be a
promising and easier-to-use tool that can help to better
stratify elderly patients and personalize treatment. The
score can be calculated using a web-based application at
http://www.myelomafrailtyscorecalculator.net/. Among
other scores, the Freiberg Comorbidity Index was studied
and validated in 466 MM patients and combining this
information with the International Staging System, it was
found to be predictive for 5-year OS in that cohort of patients.
[37••] However, this study was not restricted to elderly popu-
lation and needs to be independently validated for elderlyMM
patients [38]. To summarize, utilization of some form of val-
idated geriatric assessment tool is of paramount importance in
the management of elderly myeloma.

Treatment of Newly Diagnosed Elderly Myeloma
Patient

The introduction of immunomodulatory drugs (IMiDs) and
proteasome inhibitors has dramatically reshaped the treatment
landscape for MM over the past decade [39]. The treatment of
newly diagnosed elderly MM patients can be segregated into
transplant and non-transplant based. Potential transplant can-
didates are best approached by utilization of stem cell sparing
therapies. For the transplant-ineligible population, alkylator-
based therapy, typically melphalan-prednisone (MP), used to
be the standard of care in the prenovel agent era. As many as
seven randomized clinical trials (RCT) tested the addition of
thalidomide to MP in elderly or transplant ineligible popula-
tion [40–46]. The improvement in PFS was quite consistent
across these trials and four out of these seven trials also
showed an improvement in OS with the addition of thalido-
mide. A meta-analysis of 1571 patients from 5 prospective
RCTs comparing MP and MPT (melphalan-prednisone-tha-
lidomide) regimens demonstrated significantly better out-
comes for the MPT arm with pooled hazard ratio (HR) of
0.68 (p < 0.001; 95% CI 0.55–0.82) and 0.80 (p = 0.07; 95%
CI 0.63–1.02) for PFS and OS, respectively [47].
Subsequently, an individual patient data meta-analysis of six

studies comparing MP versus MPT demonstrated a statistical-
ly significant OS benefit, with median OS improving from
32.7 months for MP to 39.3 months for MPT [48•].
Addition of thalidomide, however, was associated with signif-
icant adverse effects, including increased peripheral neuropa-
thy and deep venous thrombosis, and frequent treatment dis-
continuations [47, 49]. Lenalidomide, a second-generation
IMiD, has supplanted thalidomide in the current treatment
schema for frontline treatment of MM. It has a superior tox-
icity profile, with lower rates of neuropathy, making it more
suitable for continuous therapy. A few retrospective and indi-
rect comparative studies have demonstrated improved out-
comes with lenalidomide compared to thalidomide [50, 51].
The ECOG E1A06 was a non-inferiority trial that randomized
patients to either MPT or melphalan-prednisone-lenalidomide
(MPR). Maintenance with thalidomide or lenalidomide was
used in respective arms and median PFS was the primary
endpoint. After a median follow-up of 40.7 months, there
was no significant difference in the PFS or OS in the two arms.
However, the lenalidomide arm had better tolerability, with
significantly less grade 3 or 4 non-hematologic toxicities and
significantly improved quality of life (QoL) compared to the
thalidomide arm, establishing lenalidomide the preferred
IMiD in this setting [52]. Lenalidomide in the frontline setting
was evaluated in the three-arm double-blinded randomized
controlled MM-015 trial [53••]. Continuous lenalidomide af-
ter 9 cycles of melphalan-prednisolone-lenalidomide (MPR-
R) was found to have significantly improved median PFS
compared to the other two arms of MPR and MP. Notably,
there was no statistically significant difference in the PFS
between the MPR and MP arm. This lack of benefit was at-
tributed to the high rates of grade III/IV hematologic toxicities
in the MPR arm, especially in patients above 75 years of age.
The overall rates of grade 4 neutropenia and thrombocytope-
nia were 32% and 12% in the MPR arm versus 8% and 4%,
respectively in the MP arm. Thus, this study was only able to
demonstrate a PFS advantage with the use of maintenance
lenalidomide in the elderly transplant-ineligible patient popu-
lation. Another important finding was the unacceptably high
rate of hematological toxicity with the combined use of
lenalidomide and melphalan, indicating that lenalidomide is
not necessarily an optimal partner drug to be utilized with
alkylating agent and highlighting the need for combining
drugs with non-overlapping toxicities in the elderly patient
population. The FIRST trial was a three-arm randomized
phase III study that included 1623 newly diagnosed elderly
(≥ 65 years) patients or younger patients that were ineligible
for ASCT [54••]. The study randomized patients to either 28-
day cycles of lenalidomide-dexamethasone (Rd) till progres-
sion or Rd for a fixed 18 cycles (Rd18) or to 42-day cycles of
MPT for 72 weeks (12 cycles). The primary end-point of the
study was PFS. With a median follow-up of 37 months, the
median PFS with continuous Rd was 25.5 months, and was
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significantly longer compared to the median PFS of
21.2 months with MPT (HR 0.72; 95% confidence interval
[CI] 0.61–0.85; p < 0.001) and 20.7 months with Rd18 (HR
0.7; 95% CI 0.6–.082; p < 0.001). There was however no sta-
tistically significant difference in the PFS between Rd18 and
MPT arms. The 4 year OS was 59%, 56%, and 51% with Rd,
Rd18, and MPT arms, respectively. Although there was some
improvement in survival with Rd over MPT (HR 0.78; p =
0.02), this endpoint did not reach the prespecified superiority
limit of p < 0.0096. The incidence of grade 3 or 4 neutropenia
was significantly lower with Rd compared to MPT (28 vs
45%) and overall incidence of high-grade toxicities was com-
parable in the three arms (85% for Rd, 80% for Rd18 and 89%
for MPT). The incidence of second malignancies was 3% in
the Rd arm, 5% in the MPTarm, and 6% in the Rd18 arm. On
exploratory subgroup analysis, the benefit of Rd was seen
even in age group of > 75 years. Importantly, the starting
doses were lower in patients > 75 years of age, with the dose
of melphalan reduced from 0.25 mg/kg/day to 0.2 mg/kg/
day day 1 to day 4 of a 42-day cycle, thalidomide dose re-
duced from 200 mg/day to 100 mg/day every day of the cycle,
and weekly dexamethasone dose reduced from 40 to 20 mg.
Rd regimen also led to a significant improvement in health-
related quality of life compared to MPT [55]. Thus, a common
theme from the conclusions of the MM-015 and the FIRST
trials was that continuous therapy appears to be superior to
fixed-duration therapy, a finding confirmed subsequently by a
combined analysis of patients enrolled in three different trials
comparing continuous versus fixed-duration therapy [56]. The
continuous therapy was shown to improve PFS, OS as well as
PFS 2 (time from initial randomization till second progression)
as compared to fixed-duration therapy [56]. Bortezomib, a pro-
teasome inhibitor, has also been studied in combination with
melphalan and prednisolone (VMP) in newly diagnosed, un-
treated, transplant-ineligible patients with MM and the combi-
nation demonstrated a significant improvement in OS (56 with
VMP vs 43 months with MP; HR 0.7, p < 0.001) compared to
MP [57, 58]. Addition of bortezomib to thalidomide and dexa-
methasone was also studied in the population-based random-
ized phase III UPFRONT trial, which included newly diag-
nosed transplant ineligible MM patients that were being treated
in the US community-based centers [59•]. Patients were ran-
domized to bortezomib-dexamethasone (VD), bortezomib-
thalidomide-dexamethasone (VTD), or bortezomib-
melphalan-prednisone (VMP) and the primary endpoint was
PFS. This study had a higher proportion of elderly patients
(42% > 75 years), and was designed to give a more real-world
assessment combining a proteasome inhibitor with an IMiD for
induction therapy in transplant ineligible population in the com-
munity setting. This study failed to show any significant differ-
ence in the PFS (median PFS of 14.7 months for VD versus
15.4 months for VTD versus 17. months for VMP; global p
value = 0.46) or OS (median OS: VD 49.8 months vs VTD

51.5 months vs VMP 53.1 months; global p = 0.46 and p =
0.79) between the three arms.

Bortezomib-lenalidomide-dexamethasone (VRd) is one of
the standard induction regimens in young fit MM patients [24,
25]. There is a good preclinical evidence of synergistic activity
with the addition of bortezomib to Rd that is now reflected in
the high response rates associated with this regimen in the
newly diagnosed MM patients [60]. The SWOG S0777 trial
was designed to answer the question of whether the addition
of bortezomib to lenalidomide-dexamethasone (VRd) in in-
duction therapy would improve outcomes compared to
lenalidomide-dexamethasone(Rd) in newly diagnosed MM
patients treated without an intent for immediate ASCT
[61••]. There was no age cutoff for this study and 525 patients
were randomized to two arms. All patients received mainte-
nance with lenalidomide and dexamethasone after completion
of induction therapy. The baseline characteristics were well
matched in the two arms except a higher proportion of patients
> 65 years in the Rd arm (48% in the Rd arm versus 38% in
VRd arm). After a median follow-up of 55 months, there was
not only a significant improvement in the median PFS with
VRd (43 months with VRd arm versus 30 months with Rd;
HR 0.712; p = 0.0038), but also OS, a prespecified secondary
endpoint, that improved with VRd (median 75 months with
VRd versus 64 months with Rd; HR 0.709; two-sided p =
0.025). Notably, the median OS in both arms remained un-
changed even after censoring the patients that withdrew from
the study for stem cell harvest or transplant (median OS of 75
vs 64 months; p = 0.036 in favor of VRd arm). The benefit
from VRd for PFS and OS remained significant after an age-
adjusted multivariate analysis. The rate of grade III/IV neuro-
logic toxicity, as expected, was higher in VRd arm (33%)
compared to Rd arm (11%). This study, however, had used
the twice-weekly intravenous bortezomib schedule, which
was the standard practice at the time of conception of this trial.
Grade 3 and 4 toxicities were observed in 82% with VRd arm
and 75%with Rd arm. Themedian age of the study population
was 63 years. In the subset patients > 75 years of age, the
median PFS was 39 months versus 20 months in favor of
VRd (p = not significant) and the median OS of 63 months
versus 31 months in favor of VRd (p = significant; not speci-
fied in the study report). The data regarding the cytogenetics
were incomplete at the time of publication. The use of subcu-
taneous bortezomib, which is the current standard practice,
would further reduce the rates of neuropathy from bortezomib
with this combination [62, 63].

A published report from the European Myeloma Network
recommends dose modification of anti-myeloma agents for
elderly patients with MM based on certain risk factors. In frail
patients, those with an age > 75 years or presence of cardiac,
hepatic, pulmonary or renal dysfunction, a dose reduction has
been recommended. Further dose reduction by one additional
level is recommended upon occurrence of grade 3 or 4 non-
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hematologic toxicity [2]. A dose-reduced combination regi-
men of lenalidomide, bortezomib, and dexamethasone, com-
monly referred to as RVD-lite, has shown impressive overall
response rates of 81.8% in a phase II study (n = 41) with good
tolerance in an elderly newly diagnosed MM population [64].
RVD-lite was administered over a 35-day cycle as opposed to
the conventional 21-day cycles of RVD. Lenalidomide was
administered as a single daily oral dose of 15 mg days 1–21
compared to a dose of 25 mg per day for days 1–14 with the
conventional RVD regimen; bortezomib was administered at a
dose of 1.3 mg/m2 once weekly subcutaneously on days 1, 8,
15, and 22 and dexamethasone was dosed at 20 mg on days 1,
2, 8, 9, 15, 16, 22, and 23 for patients ≤ 75 years and days 1, 8,
15, 22 for patients older than 75 years. The median age in this
study was 73 years (range 65–91 years). Major grade ≥ 3 tox-
icities included hypophosphatemia (32.3%), skin rash
(11.8%), mood changes (5.9%) fatigue (2.9%), and neuropa-
thy (2.9%). Three patients were withdrawn from the study
prior to completion of cycle 1 due to toxicity.

Carfilzomib is an irreversible proteasome inhibitor without
the adverse effect of peripheral neuropathy [65]. The
CLARION trial compared carfilzomib in combination with
melphalan and prednisone (KMP) to VMP in transplant-
ineligible NDMM [66]. KMP or VMP were given in 42-
day cycles until cycle 9 or till progression/unacceptable tox-
icity. Carfilzomib was given in a twice-weekly schedule (day
1, 2, 8, 9, 22, 23, 29, and 30) at a dose of 20 mg/m2 on cycle
1 day 1 and day 2 followed by 36 mg/m2 subsequently.
Progression-free survival was comparable between the 2 reg-
imens (KMPmedian 22.3 vs 22.1 months with VMP; HR 0.9,
p = 0.16) as was the rate of grade ≥ 3 AEs (75% with KMP
and 76% with VMP). As expected, the grade ≥ 2 peripheral
neuropathy was lower with KMP (2.5%) compared to VMP
(35%), but KMP was associated with higher incidence of all-
grade cardiac failure (11 vs 4%). Recent data from the
ALCYONE trial comparing VMP with or without
daratumumab (D-VMP) demonstrated a higher ORR with
D-VMP (91 vs 74%, p < 0.001), along with improvement in
deeper responses (CR or better 43 vs 24%, p < 0.001). There
was a significant improvement in the 18-month PFS (72 vs
50%; HR 0.5, 95%CI: 0.38–0.65, p < 0.001) with the addition
of daratumumab to VMP, but the OS data are not mature yet
[67••]. The highlights of some of the important studies in
newly diagnosed transplant-ineligible MM patients are shown
in Table 1.

In summary, the progress in the field, as outlined above, has
been rather systematic with the establishment of superiority of
VRd regimen over Rd which in turn was found to be superior
to MPT, a regimen with greater efficacy over the long-
standing standard of care, MP. Consequently, our approach
has been to use VRd in this patient population. Fixed-
duration Rd followed by reduced-dosed continuous R may
be considered in select frail patients with standard-risk MM.

While daratumumab-VMP has recently been approved for
newly diagnosed patients, melphalan-based regimens have
fallen out of favor in the USA. Whether carfilzomib,
lenalidomide, and dexamethasone or daratumumab in combi-
nation with VRd regimens are equally well tolerated and su-
perior to the current standard of care, VRd, in this subset of
patients remains to be established.

Role of High-Dose Chemotherapy with Autologous Stem Cell
Transplant in Elderly Patients ASCT continues to be an inte-
gral part of the management of young, fit patients with MM
and remains the standard of care even in the era of novel
agents [72, 73]. Traditionally, ASCT has been avoided in el-
derly MM patients due to the risks involved. However, the
arbitrary chronological age cutoff for ASCT appears to be
changing over the years and a group of fit elderly patients with
less comorbidity can be considered as candidates for trans-
plant [74, 75]. In an analysis of 29,489 first autologous trans-
plants for MM between 1995 and 2010 by the Centre for
International Bone Marrow Transplant Research (CIBMTR),
the median age for ASCT has steadily increased over the years
from 54 years between 1995 and 1999 to 59 years between
2005 and 2009. Also, the proportion of patients over the age of
65 years has risen from 8% to 24% in those time frames,
respectively [19].

Transplant in the elderly appears to be a feasible option in
carefully selected candidates. In a CIBMTR analysis of ASCT
in elderly MM, the 1-year non-relapse mortality was 0%
among the 946 patients over the age of 70 years that
underwent ASCT within 2 years of diagnosis of MM [76•].
Various other retrospective single-institution studies have
demonstrated the feasibility and efficacy of ASCT in the el-
derly population [77–79]. Also, age at diagnosis does not
seem to impact outcome in patients undergoing transplant,
with elderly patients deriving similar benefit fromASCTcom-
pared to younger patients in various retrospective studies [77,
79, 80]. Few studies have prospectively evaluated the role of
ASCT in the elderly population. Induction therapy followed
by tandem ASCT with melphalan 100 mg/m2 was compared
with MP in patients aged 50–70 years in a randomized trial.
The ASCT arm showed significant improvement in PFS and
OS [81]. In a prospective, multicenter study of 56 elderly
patients (> 65 years) with MM treated in the era of novel
agents, ASCT was feasible and efficacious, with no
transplant-related mortality. The PFS was 77% and OS was
88% at 2 years [82]. The impact of dose reduction to 140 mg/
m2 or 100mg/m2 has not been addressed in a randomized trial.
There is conflicting evidence for dose reduction on outcomes
after ASCT in MM. In the CIBMTR analysis, melphalan at
140 mg/m2 had similar outcomes to those who received mel-
phalan at 200 mg/m2 [76•], whereas in the prospective
multicentre single-arm French trial, patients who received
melphalan at 200 mg/m2 had better outcomes compared to
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melphalan at 140 mg/m2 [82]. In general, among elderly pa-
tients, especially above the age of 70 years, dose reduction of
melphalan to 140 mg/m2 is an option and the decision about
the dose reduction should be made on a case by case basis.
Generally, if an elderly patient is ACSTeligible at diagnosis, it
is best to proceed with ASCT rather than harvest and cryopre-
serve stem cells for future use, as patients’ comorbidities may
preclude this approach in future.

Treatment at Relapse

Disease relapse is invariable in patients with MM. The risk
status, rate of disease progression, extent of symptoms and
patient comorbidities aid in deciding the aggressiveness of
the salvage therapy. A rapidly increasing paraprotein concen-
tration or evidence of extramedullary disease indicates an ag-
gressive disease, and merits early reinstitution or change of
therapy. In general, drugs with non-cross resistant mechanism
of actions should be used. Asymptomatic slow relapses with-
out the presence of the CRAB criteria (biochemical progres-
sion) may be observed carefully, with a close ‘watch and wait’
strategy [83]. Alternatively, patients with an asymptomatic
biochemical relapse may be managed by increasing the
dose(s) of the ongoing therapies [84]. Patients with an interval
response lasting more than 6 to 12 months from last dose of
bortezomib or lenalidomide may benefit from re-challenge
(retreatment) with these drugs [85, 86]. The cytogenetic pro-
file can also guide treatment, with proteasome inhibitors being
the agents of choice in patients with high-risk features [57,
87]. Venetoclax has shown a response rate of 40% in a phase
I study involving multiply pretreated refractory MM patients
with t(11;14) [88]. Carfilzomib, a second-generation
ketoepoxide irreversible proteasome inhibitor, has important
advantages include lower neurotoxicity, although its cardio-
renal toxicity needs to be factored prior to selecting carfilzomib
[65, 89]. It has been studied in combinations with lenalidomide
and melphalan appears to be safe and efficacious [90, 91].
Ixazomib is a novel orally administered proteasome inhibitor
that is chemically and structurally distinct from bortezomib and
has been found to be safe and efficacious in both relapsed and
frontline treatment of MM. Oral route of administration make
ixazomib a particularly attractive option in elderly patients
[92–94]. It is currently approved by the FDA and EMA for
relapsed MM patients who have received at least one prior line
of therapy. Pomalidomide is a highly potent third generation
IMiD that been approved for treatment of relapsed/refractory
MM. It appears to be safe and well tolerated with various com-
binations [95–97]. Pomalidomide may partially be able to over-
come the negative impact of 17p deletion [98]. Daratumumab is
a monoclonal antibody targeting CD38 antigen on myeloma
cells. It is approved both as a single agent in patients with at
least three prior lines of therapy or double refractory to protea-
some inhibitor and IMiD as well as in combination therapy in

relapsed refractory myeloma with at least one prior line of ther-
apy. It is very well tolerated and efficacious even in heavily
pretreated patients with myeloma [99, 100]. Elotuzumab is an-
other monoclonal antibody that targets SLAMF7. It has shown
to improve survival when used in combination with
lenalidomide and dexamethasone in relapsed MM and is ap-
proved in patients who have received at least 1 prior line of
therapy [101, 102]. These novel antibodies are quite safe, with
tolerable infusion reactions as themost common toxicities [103,
104]. There are a multitude of other options, including B cell
maturation antigen (BCMA)-directed therapies and CAR-Tcell
therapies that are being evaluated currently in clinical trials. A
second-generation BCMA-directed CAR-T cell therapy has
shown exciting results, with an ORR of 94%. Ten of the 18
patients treated at a dose of 150 × 106 achieved a CR or uncon-
firmed CR [105]. GSK2857916 is an antibody targeting
BCMA with highest single agent activity, to date, in heavily
pretreated MM. It has demonstrated an ORR of 60% at a dose
of 3.4 mg/kg in 35 heavily pretreated and refractory MM pa-
tients, with a median PFS was 8 months at the time of reporting
[106].With the search for optimal biomarkers inMM still prov-
ing to be elusive, it is critical to evaluate optimal strategies for
sequencing these agents appropriately to derive the maximum
benefit possible. Some of the important studies in relapsed/
refractory MM with an emphasis on outcomes in elderly pop-
ulation have been depicted in Table 2.

Supportive Care for Old and Frail Patients

Myeloma bone disease puts the patients at high risk for
pathologic fractures, pain, hypercalcemia and spinal cord
compression. These complications can be devastating,
with signif icant worsening of QoL. The use of
bisphosphonates is integral in maintaining bone health
and is an important part of the management of MM. In
the MRC Myeloma IX trial, the use of zoledronic acid
(ZA) was found to have improved survival when com-
pared to clodronate [110]. Also, the infusion time for
ZA is shorter compared to pamidronate making it the
more conven i en t and p re f e r r ed op t ion among
bisphosphonates. The standard dosing schedule for ZA
is every 4-weekly. A recent study of 1822 patients with
a diagnosis of either breast or prostate cancer with bone
metastasis and multiple myeloma with bony lesions com-
pared the 4-weekly infusion schedule of ZA to a 12-
weekly infusion schedule for the rate of skeletal-related
event (SRE) within 2 years of randomization. The 12-
weekly schedule was found to be non-inferior to the 4-
weekly schedule in terms of the proportion of SREs. The
toxicity profile was similar between the two schedules.
There was no difference in the time to SRE in the subset
of patients with the diagnosis of MM [111]. Although this
study was not specifically powered to analyze the subset
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of MM patients, reducing the frequency of ZA to 12
weekly is a reasonable approach, particularly for the el-
derly. A randomized phase 3 trial comparing 30 mg (n =
156) versus 90 mg (n = 157) monthly dose of intravenous
pamidronate for prophylaxis of SREs in MM found no
additional benefit of the higher dose pamidronate on the
time-to-first SRE or physical activity. Furthermore, there
was a higher rate of osteonecrosis (8 patients in 90 mg
arm vs 2 in 30 mg arm) with the higher dose [112].
Denosumab, a RANK ligand inhibitor, has also been re-
cently approved in the USA for treating myeloma bone
disease. In a randomized phase III non-inferiority study
comparing denosumab and ZA for the time to first on-
study SRE, denosumab was found to be non-inferior to
ZA. Also, the rate of renal adverse events was lower in
the denosumab arm (10 vs 17.1%, p < 0.001). There was
evidence of superior PFS with the denosumab arm but this
did not translate into an overall survival benefit [113•].

Elderly patients are at higher risk of hematologic toxic-
ities and persistent neutropenia can reduce the time on
treatment for these patients due to frequent treatment dis-
continuations [2, 114]. To prevent the occurrence of febrile
neutropenia and increase the tolerability of therapy, dose
modifications and the use of granulocyte-colony stimulat-
ing factor should be considered [115]. Use of erythropoie-
tin stimulating agents may be an option to improve hemo-
globin levels during therapy, especially in patients with
renal insufficiency and hemoglobin levels less than 10 g/
dL [116, 117]. Given their propensity for infections, influ-
enza vaccination is especially important in patients with
MM. A recent double-blind, randomized trial compared
two doses of the Fluzone® high-dose influenza vaccina-
tion (separated by 30 days) to the standard practice of a
single dose (standard-dose in age < 65 years and high-dose
in age ≥ 65 years) vaccine. The study demonstrated an im-
provement in the rate of seroprotection against the three
influenza vaccine strains to 58% with the 2-dose strategy
compared to 33% with the single dose strategy (p < 0.05) at
the end of the flu season [118]. Prophylactic antibiotic use
with levofloxacin has also been studied in an effort to re-
duce early infection-related mortality in MM. In a large
randomized double-blinded study (TEAMM trial) with
977 MM patients, the patients were randomized to receive
500 mg levofloxacin daily for 12 weeks versus placebo.
The primary endpoint of the study was number of febrile
episodes (≥ 38 °C treated with anti-infectives) or death due
to any cause within the first 12 weeks. Patients in the pla-
cebo arm showed significantly higher events (27% vs 19%;
HR 1.52. 95% CI 1.1701.97; p = 0.002) compared to the
levofloxacin arm. Additionally, there was no significant
difference in the carriage of resistant organism like
C. difficile, methicillin-resistant Staphylococcus aureus or
gram-negative extended spectrum beta-lactamaseTa
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producing bacteria. However, the 1-year OS was compara-
ble in the two arms [119]. Thus, prophylactic antibiotic use
may represent a potential strategy for reducing early mor-
tality and febrile episodes in patients with MM.

Conclusion

The management of multiple myeloma in the elderly and frail
patient population is associated with various challenges. A
critical component of the initial evaluation on which the sub-
sequent management rests is perhaps a detailed assessment of
the fitness and frailty status of the patient. While the goals of
therapy in the elderly are similar to the younger population,
the treatment strategies used in younger, fit patients cannot be
extrapolated to the elderly population. There is urgent need for
clinical trials specifically evaluating older and less fit popula-
tion of patients with MM.
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