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Abstract

Multiple myeloma (MM) is a plasma cell neoplasm that affects elderly individuals with two-thirds
of patients over 65 years at diagnosis. However, data available are derived from clinical trials
conducted in younger patients. Fewer studies investigated treatment options in the elderly. This
review summarizes the clinical outcomes and toxicities associated with therapeutic regimens in
older patients including doublet, triplet and high dose therapyin newly diagnosed patients and
relapsed patients with MM. We highlight the importance of an approach tailored to individuals,
incorporates the geriatric frailty assessment, considers comorbiditiess and commits to early
recognition and management of toxicities ranging from myelosuppression to polypharmacy. To
date, no trial has prospectively investigated a tailored treatment paradigm in older patients based
on frailty and/or comorbidities. As the population ages, the proportion of MM patients with
advanced age will grow. Studies are indicated to determine optimal treatment approaches in this
increasingly heterogeneous geriatric population.
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Introduction

Multiple myeloma (MM) is a malignant neoplasm of the elderly. The National Cancer
Institute (NCI) Surveillance, Epidemiology and End Results (SEER) Program has estimated
30,280 new MM cases in the United States in 2017, making it the third most frequent
hematologic malignancy and 14th leading cancer [1]. With an improvement in treatments,
the 5-year survival rate of patients with MM reported in the SEER database has increased
from 26.3% in 1975 to 34.5% in 2000, to 52.7% in the 20092014 period [1]. The global
population is rapidly aging and the number of people greater than 80 years old is expected to
quadruple between 2000 and 2050 [2]. With greater than 60% of diagnoses and nearly 75%
of deaths occurring in those over 65 years of age, it is essential to critically evaluate the data
available to guide management of elderly patients with MM [3].
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Patient assessment and prognostic tools

The management of older individuals with MM can be challenging due to increased frailty,
comorbid conditions and physical disabilities related to aging [4]. Frailty results from the
cumulative decline in many physiological systems, which ultimately leads to diminished
resistance to stressors, such as cancer and its treatment [4]. Thus, the International Myeloma
Working Group (IMWG) conducted a pooled analysis of 869 patients from three prospective
trials with newly diagnosed MM in order to develop a scoring system based on age,
comorbidities, cognitive and physical status, evaluating their prognostic role on overall
survival (OS) [5]. The frailty score ranged from 0 to 5 to classify patients as fit (score of O;
39%), intermediate fitness (score of 1; 31%), or as frail (score =2; 30%), as summarized In
Table 1.

In the multivariate analysis, advanced age, functional decline on activities of daily living
(ADL), instrumental activities of daily living (IADL) and the presence of comorbidities
showed a trend towards a progressive worsening of OS, regardless of International Staging
System (ISS) stage and treatment. The IMWG also took into consideration factors including
functional ability, comorbidity, nutrition, cognition, psychological health, social support and
economic resources as an additional way to help minimize toxicity and improve outcomes.
With a median follow-up of 18 months, the 3-year OS was 84% in fit patients compared
with 76% in intermediate fitness patients (hazard ratio (HR) = 1.61, 95% CI; 1.02-2.56, p
=.042) and 57% in frail patients (HR = 3.57, 95% Cl; 2.37-5.39, p < .001) [5]. By applying
the proposed frailty score, the 3-year progression-free survival (PFS) was 48% in fit, 41% in
intermediate-fitness and 33% in frail patients. Grade 3 or higher non-hematologic adverse
events (AE) were reported in 18% of fit patients, 22% of intermediate fitness patients and
30% of frail patients which led to twice as many frail compared with fit patients who
discontinued drug. Of the 869 patients, 143 (16%) died: 34 (10%) in the fit, 39 (14%) in the
intermediate group and 70 (27%) in the frail group. Increased mortality in the frail group
was associated with a higher incidence of toxicity, drug discontinuation and disease
progression. Unexpectedly, the performance status alone did not affect OS, whereas the
frailty status increased the risk of death by threefold [5].

The IMWG scoring system for frailty was recently validated in a German study that
included 125 patients with a median age of 63 years, which is lower than the original
publication [6]. Among these patients, the incidence of functional decline and differences in
3-year OS based on frailty score were demonstrated with 91, 77 and 47% surviving for fit,
intermediate-fit and frail patients, respectively [6]. Thus before starting the therapy, the
frailty score combining age, functional status and comorbidities is useful to determine the
appropriateness of a treatment regimen. Ideally, this information should also be included in
clinical trials in order to have a better understanding as how known and novel treatment
strategies affect more specific subsets of patients.

The IMWG recommends that very fit patients could receive full-dose, triplet therapies or
high-dose therapy followed by autologous hematopoietic stem cell transplantation (HDT-
ASCT); intermediate or fit patients may benefit from doublet treatments or less intense
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triplets and frail patients should receive a gentler, reduced dose doublet approach or
palliative treatment [7].

Treatment of older adults with MM

In general, most medical oncology practices are largely based on results of large,
multicenter, randomized clinical trials. However, despite efforts from cooperative groups,
patients enrolled in trials are generally younger and presumably healthier than the typical
geriatric, frail patient with the same cancer. Among patients who receive treatment of a
malignancy, about 10% of patients are >75 years of age and 40% are frail [8]. With very few
exceptions, there is no evidence that cancer is more or less resistant to treatment in older
patients, such that age alone should theoretically not preclude any therapeutic approach.

Treatment of newly diagnosed patients

HDT-ASCT is an effective and widely-used treatment option for those MM patients that are
less than 65 years of age [9] and prior to the introduction of novel agents, this was thought to
be responsible for improving OS [10]. Although HDT-ASCT is recommended for patients
less than 65 years old with newly diagnosed MM (NDMM), in patients older than 65 years,
the only prospective, randomized data yielded conflicting results [11,12]. However, with
more judicious patient selection and better supportive care, more recent data suggests that
elderly patients with a good functional status and low frailty score derive similar benefit as
younger patients (<65 years) with HDT-ASCT [13-16], even in patients older than 70 years
[17-19]. A retrospective study reported on 53,675MM patients who underwent a first HDT-
ASCT in 31 European countries between 1991 and 2010 [20]. In this series, the number of
patients undergoing ASCT increased for all groups (<40, 40-49, 50-59, 60-64, 65-69, and
>70) with the highest increase in patients aged >65 who accounted for 3% of ASCTs in
1991-1995 and for 18.8% of ASCTSs in 2006-2010. Survival improved considerably more in
older than in younger patients in recent years. In 2006-2010, median two- and five-year
post-transplant survival respectively ranged from 85.9 and 61.5% in patients <40 to 80.2 and
49.7% in those >70. All cause day-100 mortality decreased throughout the observation
period to <2.4% for all age groups in 2006-2010. The results of this study highlight
increased utilization and safety of ASCT with improved post-transplant survival particularly
in elderly patients in recent years in Europe.

However, since most MM patients are >65 with multiple comorbidities and higher frailty
scores, it is of particular relevance to consider novel agents for frontline treatment of the
elderly population with MM [21]. Table 2. illustrates the reported outcomes from studies
investigating various induction regimens in elderly patients with MM, including response
rates, PFS, OS, as well as AE and dose modifications and/or discontinuation, when
available.

Prior to 2007, frontline chemotherapy with melphalan and prednisone (MP) was considered
a standard of care in the treatment of elderly patients with MM who are ineligible for HDT-
ASCT [10]. In the past decade with the introduction of thalidomide, bortezomib and
lenalidomide, as part of frontline treatment there has been an improvement in the rate of
complete response (CR), without substantially increasing toxicity. Prospective, randomized,
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phase 3 studies comparing MP with or without novel agents such as bortezomib (VMP
regimen) or thalidomide (MPT regimen) have demonstrated that MPT and VMP are superior
to MP in terms of time to progression (TTP), progression-free survival (PFS) and OS
[10,12,22-24]. More recently the FIRST trial, showed that continuous lenalidomide-
dexamethasone (Rd) was superior to 18 cycles of MPT with longer PFS (25.5 vs. 21.2
months; p < .001) and was better tolerated [25]. Over half of the patients (54%) were
categorized as ‘frail’ according to the IMWG geriatric assessment and continuous Rd
improved PFS and OS in these frail patients compared to MPT.

VMP has been compared with bortezomib-dexamethasone (\Vd) and bortezomib-
thalidomide-dexamethasone (VTd) in the UPFRONT trial and to bortezomib-thalidomide-
prednisone (VTP) in the GEM2005 study [23,26,27]. There was no difference in PFS or OS
across treatment arms in the UPFRONT study, suggesting that a bortezomib-based doublet
(\Vd) may be an acceptable frontline therapy for transplant-ineligible patients. However, PFS
was shorter than expected in all arms and likely reflects the high proportion of patients who
discontinued treatment for AE, most notably peripheral neuropathy in the setting of
intravenous, twice-weekly dosing of bortezomib. Similarly, in the GEM2005 trial, there was
more toxicity and treatment discontinuations in the VTP arm compared with the VMP arm,
especially in patients >75 years, which likely contributed to the longer PFS and OS in the
VMP arm. Both trials suggest that improving tolerability of treatment in order to maintain
dosing exposure is imperative. This is consistent with the FIRST trial (continuous Rd) as
well as with the several studies indicating that maintenance therapy following HDT-ASCT
improves PFS and OS in MM [28-31].

More recently, the SWOG S0777 trial compared bortezomib-lenalidomide-dexamethasone
(VRd) versus Rd as frontline treatment in 525 patients with MM. In all comers, VRd
demonstrated both a PFS (43 vs. 30 months, HR 0.71) as well as OS (75 vs. 64 months, HR
0.70) which is anadvantage over Rd [32]. These data have established modern triplet therapy
as a new standard. It is notable that over 40% of patients enrolled in the trial were age 65
years or older. Dose-adjusted bortezomib-lenalidomide-dexamethasone, the so-called ‘RvVD
lite’ regimen utilizing weekly bortezomib (1.3mg/m? on days 1, 8, 15 and 22), reduced
lenalidomide (15 mg, days 1-21) and modified dexamethasone was designed to balance
efficacy and toxicity in older patients [33]. In 48 NDMM patients with a median age of 72
years (range 65-91 years), the ORR was 90% and 1-year PFS was >95%. With this regimen,
grade 3 or higher toxicity was minimal and suggests an effective way to deliver the three
drug combination.

The second-generation proteasome inhibitor, carfilzomib, has also been investigated in
combination with MP (CMP) in elderly patients with NDMM in a phase I/11 dose-escalation
study conducted by the Intergroupe Francophone du Myelome [34]. Based on the
preliminary results, CMP combination appeared to be well tolerated and resulted in 90%
ORR with estimated PFS of 21 months and 80% OS at 3-years. Carfilzomib, lenalidomide
and dexamethasone (KRD) is another modern triplet which has a significant activity in both
newly diagnosed and relapsed patients with MM [35,36]. Among 23 elderly patients with
NDMM (median age 72 years, range 65-81) treated with KRD, the ORR was 100 (91% very
good partial respose (VGPR)) with 3-year PFS of 80 and OS 100%,respectively [37].
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Notably, only four patients discontinued therapy prior to 24 cycles, with only one due to
toxicity suggesting safety and tolerability of this regimen, even in this population.

Other induction regimens have been investigated in elderly patients with MM, either
consisting of a simple doublet combination with lenalidomide plus dexamethasone, or
incorporating alkylating agent such as cyclophosphamide with bortezomib and
dexamethasone (VCD, also called CyBorD), or sometimes combining even more agents
either synchronously and/or sequentially [25,38-40]. The results from these various
induction regimens options are summarized in Table 2. Interestingly, Magarotto et al.
demonstrated that the doublet therapy lenalidomide plus dexamethasone regimen is non-
inferior to a triplet-combination of an alkylator with lenalidomide and prednisone in elderly,
but with significantly less toxicity [41]. As such, less aggressive induction treatment options
are often preferred in older patients with MM.

Treatment of relapsed patients

For second or third-line therapy, recent data suggests that triplet therapy extends the duration
of remission when compared to doublet therapy [36,42]. In the ASPIRE trial [36], KRD (for
18 cycles) followed by RD was compared with RD in 792 patients with relapsed MM. 50%
of patients who enrolled onto the study were 65 years or older (range 31-91) although the
overwhelming majority (~90%) had a performance status of 0-1 on the Eastern Cooperative
Oncology Group (ECOG) scale. KRD significantly improved outcomes with a 31%
reduction in disease progression and an improved median PFS by 8.7 months (26.3 months
in KRD arm vs. 17.6 months in the RD arm). Although more AEs occurred in the
carfilzomib arm, the median duration of treatment was considerably longer in patients
receiving KRD, 88 weeks vs. 57 weeks in the RD arm. Similar numbers of patients (15 and
18%) discontinued treatment in both arms due to AE. Patients in the carfilzomib group
reported superior health-related quality of life than those in the control group, based on the
European Organization for Research and Treatment of Cancer (EORTC) QLQ-C30 Global
Health Status and Quality of Life questionnaire.

Ixazomib, the first in class oral proteosome inhibitor, has also been combined with
lenalidomide and dexamethasone (IRD) and compared to RD in patients with relapsed MM
[42]. Among 722 patients enrolled, 52% were 65 years or older (range 30-91) and had
favorable performance status (ECOG 0-1 in 94%). Overall response rates were higher in the
IRD arm compared to the RD arm (78 vs. 72%, p = .04). The median PFS was extended by
six months in the ixazomib group (20.6 vs. 14.7 months) and the hazard ratio for disease
progression or death was 0.74 (95% Cl, 0.59-0.94, p=.01) in favor of IRD. AEs were
similar in both arms with the exception of a higher incidence of rash (36 vs. 23%) and more
frequent gastrointestinal symptoms, which were almost exclusively low grade and
manageable. Patient-reported for quality of life outcomes, as indicated by EORTC QLQ-C30
and the QLQ-MY20 scores, were similar in both arms.

Most recently, daratumumab, a fully human 1gG kappa monoclonal-antibody targeting CD38
has been used in combination with bortezomib and dexamethasone (DVd) in the Castor
study and lenalidomide and dexamethasone (DRd) in the Pollux trial [43,44]. In the Castor
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trial, daratumumab, bortezomib and dexamethasone were compared to bortezomib plus
dexamethasone (BD). In both arms the BD was for a fixed duration such that after eight
cycles the comparison was of continuous daratumumab versus no therapy. The three-drug
regimen was found to be superior with an ORR of 83 vs. 63% and median PFS that was not
reached in the Dvd arm versus 7.2 months (HR 0.39). The Pollux trial also showed a higher
response in the DRd arm compared to Rd (93 vs. 76%, respectively) and longer median PFS
which was not reached in the DRd arm versus 18.4 months (HR 0.37) in the Rd group,
despite both arms continuing on Rd until progression. In both trials, approximately 50% of
patients were 65 years or older and over 10% were =75 years. Although daratumumab-
related infusion reactions occurred in almost half of patients in both studies, they were grade
1-2 and occurred during the first infusion in the overwhelming majority of patients. On the
basis of these studies, both regimens were approved by the United States Food and Drug
Administration (FDA) in November 2016 for the treatment of patients with relapsed MM
who have been treated with at least one prior therapy.

Pomalidomide, the newest immune modulating drug was granted FDA approval as a
treatment for patients with MM following two prior therapies including lenalidomide and
bortezomib in 2013 [45]. Compared to thalidomide and lenalidomide, pomalidomide was
more potent preclinically and has a more favorable toxicity profile clinically. The
combination of pomalidomide, bortezomib and dexamethasone is now being studied in a
randomized phase Il trial in patients who have received 1-3 previous therapies [46].
Patients with lenalidomide-refractory MM may benefit from the combination of
pomalidomide, cyclophosphamide and dexamethasone which was found to be superior to
pomalidomide and dexamethasone alone in a randomized phase Il study [47]. Although
myelosuppression was greater when cyclophosphamide was added, the differences were not
statistically significant and the incidence of febrile neutropenia was similar. When
pomalidomide and cyclophosphamide were combined with prednisone, older age was
associated with a shorter PFS, suggesting that dose adjustments are necessary in vulnerable
patients.

Elotuzumab is an immunostimulatory monoclonal-antibody targeting signaling lymphocytic
activation molecule F7 (SLAMFT7). This was recently FDA-approved in the second-line
setting based on ELOQUENT-2, a randomized phase 111 trial comparing the efficacy and
safety of lenalidomide and dexamethasone with or without Elotuzumab [48]. In that study,
after a median follow-up of 24.5 months, the median PFS in the elotuzumab group was 19.4
months versus 14.9 months in the control group (HR for progression or death in the
elotuzumab group was 0.70; 95% CI1 0.57-0.85; p < .001). The ORR in the elotuzumab
group was 79 vs. 66% in the control group (o < .001). The median duration of treatment was
17 months in the elotuzumab group and 12 months in the control group; 65 and 79% of
patients, respectively, discontinued treatment, most commonly owing to disease progression.
In the elotuzumab group, the AEs were lower when compared to the control group for =
grade 3 neutropenia (34 vs. 44%) but were higher for> grade 3 infections (81 vs. 74%), and
incidence of herpes zoster (4.1 vs. 2.2 per 100 patient-years). The benefit of adding
elotuzumab to Rd was observed across most prespecified subgroups, including patients with
resistance to the most recent line of therapy and those who had previous exposure to
immunomodulatory drugs (IMIDs) or bortezomib or had a high-risk cytogenetic profile,
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particularly the presence of the del(17p) variant. The addition of elotuzumab had no
significant effect on patients pain or health-related quality of life, despite being a three-drug
regimen that included an intravenous drug and a premedication regimen [48].

High dose therapy followed by a second salvage ASCT has been utilized in MM patients
relapsing after a prior ASCT [49]. In one randomized study, 174MM patients (median age
61 years) relapsing after a prior ASCT underwent a bortezomib-based re-induction therapy
before a second ASCT with 200mg/m?2 of Mel (7= 89) or low-dose consolidation with
weekly cyclophosphamide for 12 weeks (/7= 85). Both time to progression and OS were
significantly longer in the autologous transplant cohort compared to the nontransplant
cohort: 19 vs. 11 months (p < .0001) and 67 vs. 52 months (p = .022), respectively [50].
Other series also suggest activity of high dose melphalan as salvage therapy but most include
younger patients, less than 65 and indicate the greatest benefit in patients with a long
response duration after first ASCT [51]. Therefore the use of second salvage transplant may
be a valuable option in selected patients with a favorable response to initial transplant and a
good performance status.

Overall the same treatment paradigm should be applied when treating elderly patients for
relapsed disease as for frontline therapy. While the biology of the disease in the relapsed
setting in older patients is not distinct from their yourger counterparts, individual
characteristics may be. Considering comorbidities and frailty and tailoring therapy with the
goals to minimize toxicity and improve delivery of any regimen is paramount to controlling
disease and preserving quality of life.

Treatment toxicity in older patients with MM

The availability of highly effective and tolerable drugs offers alternative treatment strategies
to those who are unsuitable for alkylators or early generation combination therapies. Each
treatment regimen for MM should be tailored to individuals based on their frailty score as
well as their susceptibility to particular toxicities. Potential side effects including fatigue,
hematologic, gastrointestinal and cardiopulmonary toxicities, infections, peripheral
neuropathy, edema and thromboembolic events may be more significant in patients with
certain comorbidities and dose reductions must be considered promptly to reduce the risk of
significant AEs.

Myelosuppression

Myelosuppression is commonly induced by standard chemotherapy but is also seen
commonly with novel MM treatments. Bortezomib, lenalidomide, carfilzomib and alkylating
agents all cause thrombocytopenia, especially in combination, whereas it rarely occurs with
thalidomide. In the VISTA trial, patients with NDMM who were not candidates for HDT-
ASCT received induction treatment with VMP, which was associated with 40% grade 3-4
neutropenia and 37% grade 3—4 thrombocytopenia [22]. In an updated analysis of treatment-
emergent AEs by treatment cycle, bortezomib given weekly rather than twice weekly was
noted to reduce the frequency of grade 3—4 AE to comparable levels as MP alone, but the
regimen was associated with deeper responses and improved outcomes [23]. In general,
bortezomib should be given weekly in fragile populations.
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In newly diagnosed patients not eligible for ASCT, lenalidomide in combination with
melphalan and prednisone (MPR) was associated with a trend towards improved PFS and
OS (p=.06) compared with MP plus thalidomide (MPT) [52]. However MPR had
significantly more grade 3—4 hematologic toxicities (anemia 14 vs. 5%; thrombocytopenia
30 vs. 8%; neutropenia 64 vs. 27%, all had a p < .01). Patients >75 years of age had
increased rates of hematologic toxicities in both arms. Lenalidomide in combination with
bortezomib and dexamethasone (RVd) resulted in 19% grade 3—4 neutropenia and 18%
grade 3-4 thrombocytopenia [32].

In general, with lenalidomide-based regimens or any associated with myelosuppression,
dose reduction and growth factor support to minimize the risk of neutropenic infection and
bleeding in predisposed patients is warranted. G-CSF can be used to prevent febrile
neutropenia or when grade 3/4 neutropenia occurs; if grade 4 thrombocytopenia occurs,
treatment should be withheld and can be resumed when the event resolves to grade 2 [53]. In
addition, sensitive patients with hemoglobin less than 10 g/dL during chemotherapy should
be considered for erythropoietin [53,54].

Peripheral neuropathy

Peripheral neuropathy (PN) in patients with MM may be caused by the disease itself or by
treatment, particularly by thalidomide and bortezomib. Patients receiving these drugs require
close monitoring for subtle signs and symptoms of neuropathy which often develop
gradually with thalidomide but may escalate quickly with bortezomib. Up to a quarter of
patients develop grade 3—4 neuropathy while receiving MPT which precludes continual
administration [12,54,55]. Even in the short-term, dose reductions (from 100 to 50 mg per
day) are essential to avoid irreversible damage. When bortezomib is delivered intravenously
on a twice-weekly schedule, 22% of patients receiving MPV developed grade 3-4 PN and
up to 80% of patients receiving RVd developed neuropathy although the majority were grade
1 and 2 [22-24]. While less severe PN may not even be captured in studies, in frail patients
even modest PN is not inconsequential and must be taken seriously in clinical practice.
Weekly rather than twice-weekly and subcutaneous instead of intravenous bortezomib is
essential for patients at risk for PN. For treatment emergent symptoms, bortezomib at 1.3
mg/m? should be reduced to 1.0 mg/m? and subsequently to 0.7 mg/m?2 per week [55]. In
studies using lenalidomide combinations without bortezomib, far fewer patients reported PN
[7,52,55-57]. Thus, lenalidomide-containing regimens should be considered in patients with
pre-existing neuropathy or comorbidities that would make PN intolerable.

Venous thromboembolism

Patients with MM are at high risk of venous thromboembolism (VTE) based on individual
and disease characteristics as well as exposure to particular therapies [58]. Advanced age,
obesity, immobility and the need for surgery increase an individual’s risk of VTE. The
diagnosis of myeloma itself, the disease burden it brings and hyperviscocity are all myeloma
related factors leading to VTE. Patients treated with immune modulating agents
(thalidomide, lenalidomide or pomalidomide) in combination with steroids or multiagent
chemotherapy are at greatest risk of VTE [12,38,52,56,59]. Thus, patients with MM should
receive appropriate thromboprophylaxis [60,61]. During thalidomide or lenalidomide
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treatment, ASA (81-325 mg) should be administered as the standard of care with no other
significant risk factors for VTE [62]. However, in high risk patients with two or more
additional risk factors for VTE, prophylactic low molecular weight heparin (enoxaparin 40
mg once daily) or dose adjusted therapeutic warfarin should be administered [63-65]. For
patients who develop VTE, treatment should be temporarily interrupted and they should
receive anticoagulation therapy indefinitely as long as they are on an IMID [66].

Renal failure is a common problem in MM usually due to light chain deposition and damage
of proximal tubules along with nephrotoxic drugs [67]. High dose dexamethasone is a rapid
intervention to assure a fall in light chain load. In the case of acute renal failure or for
patients requiring dialysis, bortezomib can be safely used without dose modifications [5]. In
the case of chronic renal impairment, lenalidomide and pomalidomide can be administered
but with dose reductions based on creatinine clearance [6]. Appropriate lenalidomide dose
reductions are mandatory: 10 mg per day when creatinine clearance (CrCl) is 30-50 mL/
min; 15 mg every other day when CrCl is less than 30 mL/min and 5 mg per day after
dialysis when the patient requires dialysis.

Polypharmacy

The term “polypharmacy’ has a definition that is multifaceted. Polypharmacy can refer to
prescribing a number of medications (some inappropriate) to a single individual, which can
increase the risk for adverse drug reactions [68]. The underuse or duplication of medications
may also constitute polypharmacy. Older adults with cancer are particularly vulnerable to
polypharmacy because of comorbid conditions requiring medical management at the same
time they require chemotherapy and adjunctive or supportive medications [69]. A study of
100 consecutive hospitalized cancer patients found that patients received an average of eight
medications with 63% having the potential for an adverse drug interaction; more than half of
these interactions were classified as moderate-to-severe risk [70]. The Beers criteria for
potentially inappropriate medication use in older adults were updated in 2015 and may be a
valuable tool to evaluate polypharmacy in older adults with cancer [71,72].

Additional toxicity considerations

Other toxicities that occur less frequently or are considered less troublesome in the general
population can be threatening to a frail patient. Grade 1 fatigue or grade 2 diarrhea are
tolerable in patients with some reserve but can result in criticial deficits in a vulnerable
population with longterm consequences. Side effects from corticosteroids including
sleeplessness, mood disturbance and muscle weakness can be similarly debilitating in
elderly or compromised patients. With durable disease control and not cure the reality and
goal for most patients, quality of life must be considered throughout the patients course.

General considerations and reccomendations

Randomized phase 11 studies in elderly patients provide the best insight into the most
appropriate treatment regimens to minimize toxicity and improve outcomes but are not
always available. It is also important to recognize that patients participating in trials are
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often fitter than a less selected population of MM patients. While the most recent data
suggests that triplet drug regimens are safe and more effectively control disease, unselected
elderly patients treated in community settings may be less able to withstand the AEs
associated with combinations of multiple drugs. Declines in quality of life on therapy,
reduces treatment adherence and impacts disease related outcomes. It is therefore critical
that these patients are closely monitored and any emergent AEs are promptly and
appropriately managed. Table 2 summarizes the reported grade 3—-4 AEs and dose
adjustments (when available) for induction regimens studied in elderly patients with MM.
Decisions for treatment discontinuation or dose reductions should be individualized for each
patient, depending on grade of toxicities, comorbidities and other risk factors for
complications. For very elderly and/or frail patients, tailored reduced intensity regimens are
necessary from treatment initiation to encourage treatment adherence and reduce
discontinuation [73]. Improving tolerability of treatment regimens and lengthening
progression-free survival has been shown to improve health-related quality of life (QOL) for
patients living with MM.

With these considerations, we offer the following recommendations. For fit elderly patients
without comorbidities or disabilities, VRd induction for up to eight cycles is an appropriate
option [32]. Weekly and subcutaneous administration of bortezomib should be considered
and VVRd should be followed by Rd maintenance until progression [28,32]. However, if
either bortezomib or lenalidomide is not tolerated, the dose should be reduced or
discontinued. An alternative in fit patients is the use of high dose therapy and ASCT
following a non-alkylator based induction regimen [74,75]. Lenalidomide maintenance
following ASCT extends time to disease progression and OS [76] but is associated with
more toxicity and secondary cancers [28,77]. Patients over seventy years of age were not
included in post-transplant maintenance studies. Therefore, the benefit of lenalidomide
maintenance in this population is uncertain but is presumed given the advantage of
lenalidomide maintenance in the elderly in other settings.

Unfit or frail patients are rarely studied and few clinical trials have been dedicated to
patients over the age of 75 years. No studies have been prospectively designed based on
frailty [4,5,6]. However, given the higher incidence of toxicity and discontinuation of
treatment, dose adjustments upfront are fundamental. Bortezomib should always be given
weekly with low-dose steroids; lenalidomide can be given at a standard dose with low-dose
dexamethasone. Initial doublet therapy is reasonable in this population although RVD lite
can also be considered. We favor Rd over Bd for most of these patients with the exception of
those who present with cast nephropathy, have baseline renal insufficiency or
myelosuppression from other causes. The oral regimen is preferred when traveling back and
forth to appointments is difficult but subcutaneous administration may be favored in patients
whose compliance is questionable.

In all patients efficacy and toxicity of treatment should be evaluated every cycle in order to
identify toxicity, avoid ineffective therapies or alternately overtreatment. While some side
effects will be ameliorated by dose reductions, holding treatment may be necessary to
facilitate adequate recovery and to identify the offending agent. Steroids alone, even at low
doses, can cause significant toxicity in frail and/or elderly patients. While often essential,
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supportive measures such as antimicrobial prophylaxis, anti-emetics and analgesics can also
be harmful. With careful attention to toxicity in the frontline setting, there should be several
options for second line therapy and beyond. The anti CD-38 antibody, daratumumab in
combination with either lenalidomide or bortezomib may be particularly effective in those
who are lenalidomide or bortezomib naive, respectively. Elotuzumab in combination with
lenalidomide is another option, particularly in patients treated with upfront bortezomib. With
the exception of the high incidence of infusion reactions that occur with the first dose but not
beyond that, the favorable safety profile of both monoclonal antibodies makes their use
especially appealing for elderly or frail patients.

In summary, the introduction of novel agents has improved outcomes for all patients with
multiple myeloma, including the elderly [8,78]. However, despite the promise of newer
therapies, multiple myeloma remains incurable in all but a few patients. Decisions regarding
therapy in older adults with multiple myeloma must balance the burden of disease, the risks
and benefits of therapy and the patients goals of care. Pretreatment assessment in elderly
patients that combines age, functional status and comorbidities is useful to determine the
appropriateness of a regimen. Tailored treatments based on an individual’s functional status
are imperative to limit treatment related toxicities while improving quality of life and overall
survival.

Acknowledgments

Funding

This work was supported by P30 CA008748.

References

[1]. SEER Cancer Stat Facts: Myeloma. Bethesda, MD: National Cancer Institute2017 [cited 2017
April 2017]. Available from: http://seer.cancer.gov/statfacts/html/mulmy.html

[2]. Mateos MV, Ocio EM, Paiva B, et al. Treatment for patients with newly diagnosed multiple
myeloma in 2015. Blood Rev. 2015;29:387-403. [PubMed: 26094881]

[3]. Good health adds life to years - Global brief for World Health Day 2012[cited 28 p.]. http://
apps.who.int/iris/bitstream/10665/70853/1/WHO_DCO_WHD_2012.2_eng.pdf

[4]. Clegg A, Young J, lliffe S, et al. Frailty in elderly people. Lancet. 2013;381:752-762. [PubMed:
23395245]

[5]. Palumbo A, Bringhen S, Mateos MV, et al. Geriatric assessment predicts survival and toxicities in
elderly myeloma patients: an International Myeloma Working Group report. Blood.
2015;125:2068-2074. [PubMed: 25628469]

[6]. Engelhardt M, Dold SM, Ihorst G, et al. Geriatric assessment in multiple myeloma patients:
validation of the International Myeloma Working Group (IMWG) score and comparison with
other common comorbidity scores. Haematologica. 2016;101:1110-1119. [PubMed: 27479825]

[7]. Richardson PG, Weller E, Lonial S, et al. Lenalidomide, bortezomib, and dexamethasone
combination therapy in patients with newly diagnosed multiple myeloma. Blood. 2010;116:679-
686. [PubMed: 20385792]

[8]. Cerreta F, Eichler HG, Rasi G. Drug policy for an aging population-the European Medicines
Agency’s geriatric medicines strategy. N Engl J Med. 2012;367: 1972-1974. [PubMed:
23171092]

[9]. Blade J, Rosinol L, Cibeira MT, et al. Hematopoietic stem cell transplantation for multiple
myeloma beyond 2010. Blood. 2010;115:3655-3663. [PubMed: 20203260]

Leuk Lymphoma. Author manuscript; available in PMC 2020 September 16.


http://seer.cancer.gov/statfacts/html/mulmy.html
http://apps.who.int/iris/bitstream/10665/70853/1/WHO_DCO_WHD_2012.2_eng.pdf
http://apps.who.int/iris/bitstream/10665/70853/1/WHO_DCO_WHD_2012.2_eng.pdf

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Diamond et al.

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

[21].
[22].

[23].

[24].

[25].

[26].

[27].

Page 12

Moreau P, Attal M, Facon T. Frontline therapy of multiple myeloma. Blood. 2015;125:3076-
3084. [PubMed: 25838345]

Palumbo A, Bringhen S, Petrucci MT, et al. Intermediate-dose melphalan improves survival of
myeloma patients aged 50 to 70: results of a randomized controlled trial. Blood. 2004;104:3052—
3057. [PubMed: 15265788]

Facon T, Mary JY, Hulin C, et al. Melphalan and prednisone plus thalidomide versus melphalan
and prednisone alone or reduced-intensity autologous stem cell transplantation in elderly patients
with multiple myeloma (IFM 99-06): a randomised trial. Lancet. 2007;370:1209-1218.
[PubMed: 17920916]

Jantunen E Autologous stem cell transplantation beyond 60 years of age. Bone Marrow
Transplant. 2006;38:715-720. [PubMed: 17041609]

Lenhoff S, Hjorth M, Westin J, et al. Impact of age on survival after intensive therapy for multiple
myeloma: a population-based study by the Nordic Myeloma Study Group. Br J Haematol.
2006;133:389-396. [PubMed: 16643445]

Muta T, Miyamoto T, Fujisaki T, et al. Evaluation of the feasibility and efficacy of autologous
stem cell transplantation in elderly patients with multiple myeloma. Intern Med. 2013;52:63-70.
[PubMed: 23291675]

Merz M, Jansen L, Castro FA, et al. Survival of elderly patients with multiple myeloma-Effect of
upfront autologous stem cell transplantation. Eur J Cancer. 2016;62:1-8. [PubMed: 27185572]
Kumar SK, Dingli D, Lacy MQ, et al. Autologous stem cell transplantation in patients of 70 years
and older with multiple myeloma: results from a matched pair analysis. Am J Hematol.
2008;83:614-617. [PubMed: 18429054]

Bashir Q, Shah N, Parmar S, et al. Feasibility of autologous hematopoietic stem cell transplant in
patients aged =70 years with multiple myeloma. Leuk Lymphoma. 2012;53:118-122. [PubMed:
21780997]

Wildes TM, Finney JD, Fiala M, et al. High-dose therapy and autologous stem cell transplant in
older adults with multiple myeloma. Bone Marrow Transplant. 2015;50:1075-1082. [PubMed:
25961765]

Auner HW, Szydlo R, Hoek J, et al. Trends in autologous hematopoietic cell transplantation for
multiple myeloma in Europe: increased use and improved outcomes in elderly patients in recent
years. Bone Marrow Transplant. 2015;50:209-215. [PubMed: 25387088]

Bang SM, Kyle RA, Rajkumar SV, et al. Treatment patterns and outcomes in elderly patients with
multiple myeloma. Leukemia. 2013;27:971-974. [PubMed: 22948538]

San Miguel JF, Schlag R, Khuageva NK, et al. Bortezomib plus melphalan and prednisone for
initial treatment of multiple myeloma. N Engl J Med. 2008; 359:906-917. [PubMed: 18753647]
Mateos MV, Oriol A, Martinez-Lopez J, et al. Bortezomib, melphalan and prednisone versus
bortezomib, thalidomide and prednisone as induction therapy followed by maintenance treatment
with bortezomib and thalidomide versus bortezomib and prednisone in elderly patients with
untreated multiple myeloma: a randomised trial. Lancet Oncol. 2010; 11:934-941. [PubMed:
20739218]

San Miguel JF, Schlag R, Khuageva NK, et al. Persistent overall survival benefit and no increased
risk of second malignancies with bortezomib-melphalan-prednisone versus melphalan-
prednisone in patients with previously untreated multiple myeloma. J Clin Oncol. 2013; 31:448—
455. [PubMed: 23233713]

Benboubker L, Dimopoulos MA, Dispenzieri A, et al. Lenalidomide and dexamethasone in
transplant-ineligible patients with myeloma. N Engl J Med. 2014;371:906-917. [PubMed:
25184863]

Niesvizky R, Flinn IW, Rifkin R, et al. Community-based phase I1IB trial of three UPFRONT
bortezomib-based myeloma regimens. J Clin Oncol. 2015;33(33): 3921-3929. [PubMed:
26056177]

Mateos MV, Oriol A, Martinez-Lopez J, et al. GEM2005 trial update comparing VMP/VTP as
induction in elderly multiple myeloma patients: do we still need alkylators? Blood.
2014;124:1887-1893. [PubMed: 25102853]

Leuk Lymphoma. Author manuscript; available in PMC 2020 September 16.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Diamond et al.

[28].

[29].

[30].

[31].

[32].

[33].

[34].

[35].

[36].

[37].

[38].

[39].

[40].

[41].

[42].
[43].
[44].

[45].

[46].

Page 13

McCarthy PL, Owzar K, Hofmeister CC, et al. Lenalidomide after stem-cell transplantation for
multiple myeloma. N Engl J Med. 2012;366:1770-1781. [PubMed: 22571201]

Attal M, Lauwers-Cances V, Marit G, et al. Lenalidomide maintenance after stem-cell
transplantation for multiple myeloma. N Engl J Med. 2012; 366:1782-1791. [PubMed:
22571202]

Palumbo A, Cavallo F, Gay F, et al. Autologous transplantation and maintenance therapy in
multiple myeloma. N Engl J Med. 2014;371:895-905. [PubMed: 25184862]

Attal M, Palumbo A, Holstein SA, et al. Lenalidomide (LEN) maintenance (MNTC) after high-
dose melphalan and autologous stem cell transplant (ASCT) in multiple myeloma (MM): a meta-
analysis (MA) of overall survival (OS). J Clin Oncol. 2016;34:8001.

Durie BG, Hoering A, Abidi MH, et al. Bortezomib with lenalidomide and dexamethasone versus
lenalidomide and dexamethasone alone in patients with newly diagnosed myeloma without intent
for immediate autologous stem-cell transplant (SWOG S0777): a randomised, open-label, phase
3 trial. Lancet. 2017;389:519-527. [PubMed: 28017406]

O’Donnell EK, Laubach JP, Yee AJ, et al. A Phase Il study of modified lenalidomide,
bortezomib, and dexamethasone (RVD-lite) for transplant-ineligible patients with newly
diagnosed multiple myeloma. Blood. 2015;126:4217.

Moreau P, Kolb B, Attal M, et al. Phase 1/2 study of carfilzomib plus melphalan and prednisone
in patients aged over 65 years with newly diagnosed multiple myeloma. Blood. 2015;125:3100-
3104. [PubMed: 25784682]

Jakubowiak AJ, Dytfeld D, Griffith KA, et al. A phase 1/2 study of carfilzomib in combination
with lenalidomide and low-dose dexamethasone as a frontline treatment for multiple myeloma.
Blood. 2012; 120:1801-1809. [PubMed: 22665938]

Stewart AK, Rajkumar SV, Dimopoulos MA, et al. Carfilzomib, lenalidomide, and
dexamethasone for relapsed multiple myeloma. N Engl J Med. 2015; J372:142-152.

Dytfeld D, Jasielec J, Griffith KA, et al. Carfilzomib, lenalidomide, and low-dose dexamethasone
in elderly patients with newly diagnosed multiple myeloma. Haematologica. 2014;99:e162—e164.
[PubMed: 24972772]

Mateos MV, Martinez-Lopez J, Hernandez MT, et al. Sequential vs alternating administration of
VMP and Rd in elderly patients with newly diagnosed MM. Blood. 2016;127:420-425.
[PubMed: 26500339]

Jimenez Zepeda VH, Duggan P, Neri PE, et al. Cyclophosphamide, bortezomib and
dexamethasone (CyBORD) is a feasible and active regimen for nontransplant eligible multiple
myeloma patients. Blood. 2014;124:5751.

Palumbo A, Bringhen S, Larocca A, et al. Bortezomib-melphalan-prednisone-thalidomide
followed by maintenance with bortezomib-thalidomide compared with bortezomib-melphalan-
prednisone for initial treatment of multiple myeloma: updated follow-up and improved survival. J
Clin Oncol. 2014;32:634-640. [PubMed: 24449241]

Magarotto V, Bringhen S, Offidani M, et al. Triplet vs doublet lenalidomide-containing regimens
for the treatment of elderly patients with newly diagnosed multiple myeloma. Blood.
2016;127:1102-1108. [PubMed: 26729895]

Moreau P, Masszi T, Grzasko N, et al. Oral ixazomib, lenalidomide, and dexamethasone for
multiple myeloma. N Engl J Med. 2016;374:1621-1634. [PubMed: 27119237]

Palumbo A, Chanan-Khan A, Weisel K, et al. Daratumumab, bortezomib, and dexamethasone for
multiple myeloma. N Engl J Med. 2016;375:754-766. [PubMed: 27557302]

Dimopoulos MA, Oriol A, Nahi H, et al. Daratumumab, lenalidomide, and dexamethasone for
multiple myeloma. N Engl J Med. 2016;375:1319-1331. [PubMed: 27705267]

FDA approves Pomalyst for advanced multiple myeloma [FDA News Release]. [Internet]. U.S.
Food and Drug Administration 2013 Available from: http://www.fda.gov/NewsEvents/
Newsroom/PressAnnouncements/ucm338895.htm

Richardson PG, Bensmaine A, Doerr T, et al. MM-007: a phase 3 trial comparing the efficacy and
safety of pomalidomide (POM), bortezomib (BORT), and low-dose dexamethasone (LoDEX
[PVD]) versus BORT and LoDEX (VD) in subjects with relapsed or refractory multiple myeloma
(RRMM). J Clin Oncol 2015;33: TPS8610.

Leuk Lymphoma. Author manuscript; available in PMC 2020 September 16.


http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm338895.htm
http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm338895.htm

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Diamond et al.

[47].

[48].

[49].

[50].

[51].

[52].

[53].

[54].

[55].

[56].

[57].

[58].

[59].

[60].

[61].

[62].

[63].

[64].

Page 14

Baz RC, Martin TG 3rd, Lin HY, et al. Randomized multicenter phase 2 study of pomalidomide,
cyclophosphamide, and dexamethasone in relapsed refractory myeloma. Blood. 2016;127:2561—
2568. [PubMed: 26932802]

Lonial S, Dimopoulos M, Palumbo A, et al. Elotuzumab therapy for relapsed or refractory
multiple myeloma. N Engl J Med. 2015;373:621-631. [PubMed: 26035255]

Singh Abbi KK, Zheng J, Devlin SM, et al. Second autologous stem cell transplant: an effective
therapy for relapsed multiple myeloma. Biol Blood Marrow Transplant. 2015;21:468-472.
[PubMed: 25529381]

Cook G, Williams C, Brown JM, et al. High-dose chemotherapy plus autologous stem-cell
transplantation as consolidation therapy in patients with relapsed multiple myeloma after
previous autologous stem-cell transplantation (NCRI Myeloma X Relapse [Intensive trial]): a
randomised, open-label, phase 3 trial. Lancet Oncol. 2014;15:874-885. [PubMed: 24948586]
Giralt S, Garderet L, Durie B, et al. American Society of Blood and Marrow Transplantation,
European Society of Blood and Marrow Transplantation, Blood and Marrow Transplant Clinical
Trials Network, and International Myeloma Working Group consensus conference on salvage
hematopoietic cell transplantation in patients with relapsed multiple myeloma. Biol Blood
Marrow Transplant. 2015;21:2039-2051. [PubMed: 26428082]

Zweegman S, van der Holt B, Mellqvist UH, et al. Melphalan, prednisone, and lenalidomide
versus melphalan, prednisone, and thalidomide in untreated multiple myeloma. Blood.
2016;127:1109-1116. [PubMed: 26802176]

Palumbo A, Blade J, Boccadoro M, et al. How to manage neutropenia in multiple myeloma. Clin
Lymphoma Myeloma Leuk. 2012;12:5-11. [PubMed: 22178143]

Gay F, Palumbo A. Management of older patients with multiple myeloma. Blood Rev.
2011;25:65-73. [PubMed: 21295387]

Palumbo A, Rajkumar SV, San Miguel JF, et al. International Myeloma Working Group
consensus statement for the management, treatment, and supportive care of patients with
myeloma not eligible for standard autologous stem-cell transplantation. J Clin Oncol.
2014;32:587-600. [PubMed: 24419113]

Stewart AK, Jacobus S, Fonseca R, et al. Melphalan, prednisone, and thalidomide vs melphalan,
prednisone, and lenalidomide (ECOG E1AO06) in untreated multiple myeloma. Blood.
2015;126:1294-1301. [PubMed: 26157076]

Rajkumar SV, Jacobus S, Callander NS, et al. Lenalidomide plus high-dose dexamethasone
versus lenalidomide plus low-dose dexamethasone as initial therapy for newly diagnosed multiple
myeloma: an open-label randomised controlled trial. Lancet Oncol. 2010;11:29-37. [PubMed:
19853510]

Srkalovic G, Cameron MG, Rybicki L, et al. Monoclonal gammopathy of undetermined
significance and multiple myeloma are associated with an increased incidence of
venothromboembolic disease. Cancer. 2004;101:558-566. [PubMed: 15274069]

Morgan GJ, Davies FE, Gregory WM, et al. Cyclophosphamide, thalidomide, and dexamethasone
(CTD) as initial therapy for patients with multiple myeloma unsuitable for autologous
transplantation. Blood. 2011;118:1231-1238. [PubMed: 21652683]

De Stefano V, Za T, Rossi E. Venous thromboembolism in multiple myeloma. Semin Thromb
Hemost. 2014;40:338-347. [PubMed: 24599441]

Larocca A, Cavallo F, Bringhen S, et al. Aspirin or enoxaparin thromboprophylaxis for patients
with newly diagnosed multiple myeloma treated with lenalidomide. Blood. 2012;119:933-939.
[PubMed: 21835953]

Palumbo A, Rajkumar SV, Dimopoulos MA, et al. Prevention of thalidomide- and lenalidomide-
associated thrombosis in myeloma. Leukemia. 2008;22:414-423. [PubMed: 18094721]

Klein U, Kosely F, Hillengass J, et al. Effective prophylaxis of thromboembolic complications
with low molecular weight heparin in relapsed multiple myeloma patients treated with
lenalidomide and dexamethasone. Ann Hematol. 2009;88:67—71. [PubMed: 18668241]

Al-Ani F, Bermejo JM, Mateos MV, et al. Thromboprophylaxis in multiple myeloma patients
treated with lenalidomide - A systematic review. Thromb Res. 2016;141:84-90. [PubMed:
26986753]

Leuk Lymphoma. Author manuscript; available in PMC 2020 September 16.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Diamond et al.

[65].

[66].

[67].
[68].
[69].
[70].

[71].

[72].

[73].

[74].

[75].

[76].
[77].

[78].

Page 15

Leleu X, Rodon P, Hulin C, et al. MELISSE, a large multicentric observational study to
determine risk factors of venous thromboembolism in patients with multiple myeloma treated
with immunomodulatory drugs. Thromb Haemost. 2013;110:844-851. [PubMed: 23903204]

Zangari M, Barlogie B, Anaissie E, et al. Deep vein thrombosis in patients with multiple
myeloma treated with thalidomide and chemotherapy: effects of prophylactic and therapeutic
anticoagulation. Br J Haematol. 2004;126:715-721. [PubMed: 15327525]

Dimopoulos MA, Kastritis E, Rosinol L, et al. Pathogenesis and treatment of renal failure in
multiple myeloma. Leukemia. 2008;22:1485-1493. [PubMed: 18528426]

Hajjar ER, Cafiero AC, Hanlon JT. Polypharmacy in elderly patients. Am J Geriatr Pharmacother.
2007;5:345-351. [PubMed: 18179993]

Maggiore RJ, Gross CP, Hurria A. Polypharmacy in older adults with cancer. Oncologist.
2010;15:507-522. [PubMed: 20418534]

Riechelmann RP, Moreira F, Smaletz O, et al. Potential for drug interactions in hospitalized
cancer patients. Cancer Chemother Pharmacol. 2005;56:286-290. [PubMed: 15731916]

Flood KL, Carroll MB, Le CV, et al. Polypharmacy in hospitalized older adult cancer patients:
experience from a prospective, observational study of an oncology-acute care for elders unit. Am
J Geriatr Pharmacother. 2009;7:151-158. [PubMed: 19616183]

By the American Geriatrics Society Beers Criteria Update Expert P. American Geriatrics Society
2015 updated Beers criteria for potentially inappropriate medication use in older adults. J Am
Geriatr Soc. 2015;63:2227-2246. [PubMed: 26446832]

Palumbo A, Anderson K. Multiple myeloma. N Engl J Med. 2011;364:1046-1060. [PubMed:
21410373]

Qazilbash MH, Saliba RM, Hosing C, et al. Autologous stem cell transplantation is safe and
feasible in elderly patients with multiple myeloma. Bone Marrow Transplant. 2007;39:279-283.
[PubMed: 17262062]

Garderet L, Beohou E, Caillot D, et al. Upfront autologous stem cell transplantation for newly
diagnosed elderly multiple myeloma patients: a prospective multicenter study. Haematologica.
2016;101:1390-1397. [PubMed: 27612987]

Kumar SK, LaPlant BR, Gertz MA, et al. Lenalidomide maintenance therapy in multiple
myeloma: a meta-analysis of randomized trials. Blood. 2013;122: 407-407.

Attal M, Lauwers-Cances V, Hulin C, et al. Lenalidomide, bortezomib, and dexamethasone with
transplantation for myeloma. N Engl J Med. 2017;376:1311-1320. [PubMed: 28379796]
Kumar SK, Dispenzieri A, Lacy MQ, et al. Continued improvement in survival in multiple
myeloma: changes in early mortality and outcomes in older patients. Leukemia. 2014;28:1122—
1128. [PubMed: 24157580]

Leuk Lymphoma. Author manuscript; available in PMC 2020 September 16.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Diamond et al.

Table 1.
*
IMWG frailty score .
Variable Hazard ratio (Cl1 95%) pvalue Score
Age
<75 years 1 - 0
75-80 years 1.37 (0.93-2.03) 0.114 1
>80 years 2.75 (1.81-4.18) <0.001 2
Charlson index 1 - 0
<1
22 1.6 (1.07-2.39) 0.021 1
ADL score 1 - 0
>4
<4 1.76 (1.14-2.71) 0.01 1
IADL score 1 - 0
>5
<5 1.53 (1.03-2.27) 0.036 1

Additive total score
0
1
>2

Patient status
Fit
Unfit

Frail

IMWG: The International Myeloma Working Group; ADL: activities of daily living; IADL: instrumental activities of daily living.

*
Adapted from Palumbo et al. [5].
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