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Abstract

The pace of therapeutic drug development in multiple myeloma has reached unprecedented levels, 

with five regulatory approvals for relapsed and/or refractory disease of either new drugs or new 

regimens in 2015, and one already in 2016, while still others are anticipated. This has provided a 

wide array of options to be considered by patients and their healthcare providers in the event of 

relapse after, or progression on front-line therapy. Most of these agents are currently being 

evaluated in earlier patient populations, including as parts of induction, consolidation, and 

maintenance therapy approaches, where their benefits may be even greater. Moreover, additional 

randomized studies have been completed with our previous stable of novel agents that inform their 

use in these settings as well. In the current contribution to this CCR Focus on multiple myeloma, 

we will present an overview of some of the key recent data that have supported the addition of 

these new therapeutics to our armamentarium against multiple myeloma. Also, we will provide 

some guidelines about possible best practices in applying these regimens, and attempt to 

extrapolate how they will be used as parts of our future standards of care.

Introduction

Statistics from the Surveillance, Epidemiology, and End Results Program indicate that over 

30,000 new myeloma cases will be diagnosed in the United States in 2016 (1). Meanwhile, 

the International Agency for Research on Cancer predicted the worldwide myeloma 

incidence in 2012 would be roughly double that figure (2). Due in part to an aging populace, 

and possibly to an increased disease incidence in at least some areas (3), myeloma cases are 
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predicted to grow almost 60% between 2010 and 2030, ranking it third among all cancers in 

the rate of increase during this period (4). Also of note, the cost of myeloma care on a per-

patient basis has been among the highest of any malignancy (5). This has been in part due to 

the sub-optimal ability of our previously available therapies to completely eradicate 

neoplastic cell clones and achieve minimal residual disease (MRD)-negativity (6). Together, 

these and other data strongly support the need for development of new myeloma therapeutics 

despite the impressive gains made possible by the first generation of novel agents, including 

bortezomib, thalidomide, and lenalidomide. Fortunately, recent registration-enabling studies 

have substantially expanded our toolkit, and led to approval of new drugs in old classes, such 

as the proteasome inhibitors (PIs) carfilzomib and ixazomib (Table 1). In addition, new 

drugs in new classes have been developed, including the deacetylase inhibitor panobinostat, 

and the monoclonal antibodies daratumumab and elotuzumab. We will here review the 

current state of knowledge about their clinical use as the myeloma community strives to 

optimally incorporate them to maximize patient outcomes.

New Drug Approvals in Relapsed and/or Refractory Multiple Myeloma

Panobinostat

Histone deacetylases (HDACs) are involved predominantly in post-translational 

modification of both histone and non-histone proteins, and the multiple HDAC isoforms are 

divided into four broad classes in man. HDAC inhibitors are active against myeloma through 

multiple mechanisms, including induction of cell cycle arrest and apoptosis, inhibition of 

cytokine-mediated survival signaling, generation of reactive oxygen species, and blockade of 

alternative proteolytic pathways needed for cell survival in the face of proteasome inhibition 

(recently reviewed in (7)). The last of these provided a strong rationale for the combination 

of the pan-HDAC inhibitor panobinostat with bortezomib and dexamethasone (FVD), which 

showed an overall response rate (ORR) of 51.6% in an initial phase Ib study (8). These 

findings prompted the phase III PANORAMA1 trial (Table 2), which evaluated FVD in 

comparison with bortezomib and dexamethasone (VD)(9). Progression-free survival (PFS) 

was the primary endpoint and was significantly improved by FVD, as was the ORR and the 

duration of response (DOR)(Table 3). Trends that did not quite reach significance were also 

seen for an improvement in the complete response (CR) rate and overall survival (OS). 

Subgroup analyses indicated that lower hazard ratios (HRs) were seen in younger patients 

and men, and those who had received prior bortezomib but not an immunomodulatory drug 

(IMiD). Also, patients with higher risk cytogenetic features had attractive HRs, indicating a 

substantial benefit from FVD. Addition of panobinostat was associated with an at least 10% 

absolute increase in a number of toxicities (Table 2). Patients in particular should be 

monitored for diarrhea, which needs early and aggressive management, while QT segment 

prolongations can rarely be seen. On-treatment deaths were noted in 18 patients treated with 

VD, and 30 with FVD.

Additional support for FVD comes from PANORAMA2, which enrolled 55 patients with 

bortezomib-refractory disease and ≥2 prior lines of therapy, including an IMiD (10). The 

ORR was 34.5%, while the PFS and DOR were 5.4 and 6.0 months, respectively, in this 

heavily pre-treated population. Panobinostat may also be safely and efficaciously combined 
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with carfilzomib and dexamethasone (11). Finally, novel HDAC inhibitors with greater 

specificity, such as for HDAC6, are being investigated, and could provide comparable or 

greater benefits with enhanced safety (7).

Carfilzomib

This irreversible epoxyketone PI, which showed encouraging phase I data (12, 13), and was 

then initially approved as a single-agent for refractory myeloma (14), has recently garnered 

additional approvals (Table 1) in two different combinations for earlier populations. PIs in 

general have anti-myeloma efficacy by suppressing plasma cell survival signaling, including 

through nuclear factor-kappa B, activating extrinsic and intrinsic apoptotic pathways, 

interfering with permissive stromal and microenvironmental influences, and enhancing 

proteotoxic stress (reviewed in (15)). Pre-clinical studies supported development of 

carfilzomib in combinations, such as with lenalidomide and/or dexamethasone (16). The 

three-drug regimen looked especially active in phase I and II studies targeting patients with 

relapsed/refractory (17, 18) or newly diagnosed myeloma (19), prompting its further 

evaluation. In the ASPIRE study (Table 2), patients received lenalidomide and 

dexamethasone with (KRD) or without (RD) carfilzomib (20). Outcomes data showed a 

significant improvement for KRD in the primary endpoint, PFS, and a superior ORR and CR 

rate, DOR, and OS (Table 3). Hazard ratios favored KRD in virtually all analyzed 

subgroups, although smaller improvements occurred in patients with baseline neuropathy, 

and with disease that was bortezomib non-responsive and IMiD-refractory. Few adverse 

events (AEs) were increased by ≥10% (Table 2), while diarrhea, pyrexia, upper respiratory 

infection, and hypertension approached this threshold. A similar combination with very nice 

activity is carfilzomib with pomalidomide and dexamethasone (21), though phase III trial 

data are not yet available.

A second expanded indication for carfilzomib is in combination with dexamethasone from 

the ENDEAVOR study (Table 2)(22), which compared higher-dose carfilzomib (Table 1), 

given over 30-minutes, with dexamethasone (KD) to VD. KD essentially doubled the PFS of 

VD (Table 3), and was significantly superior in other outcome measures in all of the 

subgroup analyses, though the least relative benefit was seen in patients with lenalidomide-

refractory disease, and in those with a decreased creatinine clearance. Some AEs were 

increased in the KD group (Table 2), while peripheral neuropathy and neuralgia were lower. 

One other toxicity of interest has been cardiac failure, which on the ASPIRE study (20) was 

seen in 6.4% and 4.1% overall with KRD or RD, respectively, and 3.8% and 1.8% at ≥grade 

3. In the context of the ENDEAVOR study, cardiac failure was seen in a total of 38 (8.2%) 

and 13 (2.9%) patients who received KD or VD, respectively, but reached ≥grade 3 in only 5 

(1.1%) and 3 (0.7%). These studies suggest that the higher-dose carfilzomib regimen may be 

less attractive in some patients, such as perhaps those who are over 75 years of age, or have 

a prior history of thoracic radiation and anthracycline exposure (23). Additional data from 

randomized studies are needed to help identify firm risk factors, and could be forthcoming 

from the S1304 study (NCT01903811) comparing high-dose to standard-dose KD.
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Ixazomib

Bortezomib and carfilzomib are available only through parenteral routes, but ixazomib is an 

orally bioavailable PI. Ixazomib was studied initially as a single-agent on two different 

schedules, and both showed activity against relapsed and/or refractory myeloma, with ORRs 

of 15–18%, and very manageable toxicity profiles (24, 25). Moreover, a phase I combining 

ixazomib with lenalidomide/dexamethasone (IRD) induced a PR or better in 88% of newly-

diagnosed patients, including 60% with a very good partial remission (VGPR) or better (26). 

This supported the design of the TOURMALINE-MM1 study, which led to regulatory 

approval of IRD (Table 2)(27). PFS was significantly prolonged by IRD (Table 3), which 

also improved the ORR and CR rates, and DOR, though OS data were not mature. Clinically 

relevant subgroups almost uniformly benefitted more from IRD, including a larger benefit in 

patients with three prior therapy lines. Especially attractive data were reported for high-risk 

subgroups, such as those with deletion (del) 17p, where the median PFS was 21.4 months 

with IRD but only 9.7 months with RD (HR 0.60), and in patients with the t(4;14) 

translocation, who saw an absolute 6.5 month PFS improvement (HR 0.65). Remarkably 

little increased toxicity was noted (Table 2), with the majority reaching only grade 1–2 

severity, and many, including gastrointestinal effects, were seen after only the first ixazomib 

dose. Such enhanced efficacy and convenience, along with a minimally enhanced risk 

profile, would seem to make the therapeutic index of IRD among the most attractive of these 

new standards of care.

Daratumumab

Daratumumab is an IgG kappa monoclonal antibody targeting human CD38, which is highly 

expressed on plasma cells, and to some extent on other hematopoietic cells. Of interest, in 
vitro and in vivo data suggest that higher CD38 expression is associated with higher 

response rates, and has led investigators to evaluate strageties to increase CD38 expression 

(28). The first trial to evaluate daratumumab was the GEN501 phase I/II study, on which 

4/13 patients with refractory disease achieved ≥PR with doses >4 mg/kg. In a dose 

expansion phase, patients received 8 or 16 mg/kg, and the ORR was 10% and 36%, 

respectively. Among the latter, two patients each achieved a CR and a VGPR, and the 1-year 

OS was 77% (29). This led to a larger, phase 2 study that initially retested the 8 and 16 

mg/kg doses, but the former was found to be inadequate, leading to a subsequent 106 patient 

expansion using 16 mg/kg (Table 2). Among these, the median number of prior lines was 5, 

all had PI- and IMiD-resistant disease, and some were refractory to other recently approved 

agents. Included in the 29% ORR, 3% achieved a strigent-CR, another 9% achieved a 

VGPR, and the 1-year OS and median DOR were impressive (Table 3)(30). Adverse events 

included fatgue, nausea, anemia, cough, and upper respiratory infection, most of which were 

likely related to the severity of the underlying myeloma. Infusion reactions were seen in 

48%, with >90% occurring during the first dose, nearly all of grade 1–2. Together, these 

encouraging findings prompted an accelerated approval in the US (Table 1).

A multi-arm phase II study was performed next adding daratumumab to commonly used 

regimens including VD, bortezomib/thalidomide/dexamethasone, melphalan/bortezomib/

dexamethasone, and pomalidomide/dexamethasone (PD). The bortezomib-based 

combinations were tested in untreated patients, and all responded to each regimen, while in 
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the PD cohort, 4/6 patients achieved ≥PR (31). This small study set the groundwork for the 

phase III CASTOR trial, which compared VD with daratumumab/VD (Table 1)(32). A 

higher ORR was seen in the daratumumab group (Table 3), and the VGPR or higher rate 

(59% vs. 29%, respectively) was superior, as was the response durability. Preclinical data 

evaluating daratumumab with lenalidomide suggested that the combinations resulted in 

synergistic effects (33), and a phase I/II trial reported an ORR of 81% (34). These findings 

supported the phase III POLLUX study, which evaluated 569 patients who received RD or 

daratumumab/RD (Table 2). Similar to the CASTOR trial, the 18-month PFS (78% vs. 52%) 

and ≥VGPR rate (76% vs. 44%) was superior with daratumumab, as was the ORR and DOR 

(Table 3). Notably, the magnitude of benefit from daratumumab was similar among patients 

who were previously exposed to, or lenalidomide-naïve (35). Both the POLLUX and 

CASTOR trials demonstrated that daratumumab combined safely and effectively with PIs or 

IMiDs, and may therefore represent a new ‘backbone’ agent for myeloma.

Elotuzumab

Elotuzumab is a humanized IgG kappa monoclonal protein that targets Signaling 

lymphocyte activating molecule family member 7 (SLAMF7, previously CS1), which is 

highly expressed on myeloma and natural killer (NK) cells (36). Functionally, plasma cell-

associated SLAMF7 is not linked to intracellular signaling, while NK cell-associated 

SLAMF7 is linked to the EWS/FLI1-activated transcript 2 signaling cascade, resulting in 

NK activation following binding (37). While single-agent elotuzumab showed no clinical 

responses (38), pre-clinical data suggested synergy with lenalidomide and dexamethasone 

(39), and a phase Ib trial of elotuzumab/RD showed an 82% ORR (40). A randomized phase 

II extension was developed comparing 10 to 20 mg/kg of elotuzumab with RD, and showed 

an ORR of 92% and 76%, respectively, with a better PFS at 10 mg/kg (41). Based upon 

these encouraging data, the phase III ELOQUENT2 trial (Table 2) randomized 646 patients 

to RD or elotuzumab/RD. PFS favored the three-drug arm, as did the ORR and DOR, and 

elotuzumab-treated patients in the high-risk cohorts of del 17p and t(4;14) had a longer PFS 

(42).

Preclinical data supported the use of bortezomib in combination with elotuzumab and 

dexamethasone (43), and a phase I study demonstrated an ORR of 48% with a median PFS 

of 9.5 months (44). In a larger phase II trial, elotuzumab/VD induced a median PFS of 9.7 

months compared to 6.6 with VD (HR 0.72, p=0.09), with no statistical difference in ORR 

or OS. A subset analysis among 13 patients treated with elotuzumab who had the FcγRIIIa 

high-affinity allele achieved a median PFS of 22.3 months, compared to 9.8 months among 

patients with the low-affinity allele (45).

Developments that Influence Initial Myeloma Therapy

Induction Therapy

Lenalidomide with bortezomib and dexamethasone (RVD) has been considered a standard of 

care for newly diagnosed symptomatic myeloma based on promising phase I/II trial data 

(46). This regimen has now been validated by the S0777 study performed through the 

National Clinical Trials Network, which compared RD to RVD in patients who were not 
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eligible for, or willing to delay stem cell transplant (ASCT). RVD induced a superior median 

PFS (43 vs. 30 months; HR=0.712; confidence interval (CI) 0.560–0.906; p-value=0.0018), 

and had a significantly better ORR and CR rate, and median OS (75 vs. 64 months; 

HR=0.709; CI 0.516–0.973; p-value=0.025). These findings prompted the National 

Comprehensive Cancer Network (NCCN) to accord it category 1 designation as a 

recommended induction for both transplant-eligible and –ineligible patients (47). In contrast, 

bortezomib with cyclophosphamide and dexamethasone (CyBorD), which had also been 

popular based on an initial phase I/II study (48), has not recently fared well. The Intergroupe 

Francophone du Myélome (IFM) reported data from a study comparing bortezomib with 

thalidomide and dexamethasone (VTD) to CyBorD (49). After four cycles, VTD had a 

superior VGPR or better rate (66.3% vs. 56.2%; P=0.05), as well as a higher ORR (92.3% 

vs. 83.4%; P=0.01).

Role of Transplant

The IFM also reported data from the randomized IFM/DFCI 2009 trial (50) comparing RVD 

induction for three cycles followed by high-dose melphalan with ASCT, two consolidation 

RVD cycles, and then maintenance lenalidomide for two years, with RVD for eight cycles 

and then the same maintenance lenalidomide but without early ASCT. Incorporating 

transplantation into front-line therapy improved the CR rate (59% vs. 49%; P=0.02) and 

MRD-negativity by flow cytometry (80% vs. 65%; P=0.001). Median PFS, which was the 

primary endpoint, was improved as well (43 vs. 34 months; HR 0.69; CI 0.56–0.84; 

P<0.001), supporting early high-dose therapy. However, four-year survival was similar (83% 

vs. 81%; HR 1.2; CI 0.7–1.8), and there were more deaths (54 vs. 48) and second primary 

malignancies (6 vs.1) in the early transplant group. Correlative studies showed that MRD-

negativity by flow cytometry or next-generation sequencing (51), as well as by magnetic 

resonance imaging or positron emission tomography (52), was generally associated with a 

better PFS, and in some cases with a better OS.

Optimal Current Use of Novel Agents in Myeloma

Given the plethora of available drugs and combination regimens for multiple myeloma, their 

use should ideally be guided by data from large, well-designed, randomized phase III 

studies, including those described earlier. Patients with newly diagnosed symptomatic 

disease who are transplant-eligible have both two-drug regimens, such as VD and RD as 

options, as well as three-drug combinations, including VTD and RVD, as well as bortezomib 

with doxorubicin and dexamethasone as category one NCCN recommendations. While data 

comparing all of these regimens are not available, it is very reasonable to utilize a PI/IMiD 

combination, such as either VTD or RVD, as the current standard of care for patients who 

are sufficiently robust to be able to tolerate a triplet regimen, and who have access to these 

agents. Several phase III studies are evaluating KRD as an induction based on encouraging 

earlier pilot trials (19, 53), and the ability of this regimen to induce high rates of MRD-

negativity make it a very attractive option as well. Also of note, monoclonal antibodies have 

already been added to RVD as part of induction (54), and it is likely that such four-drug 

regimens will be in use in the future, especially for patients with a good performance status.
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For transplant-ineligible patients, RD and RVD are also very reasonable, as are triplets based 

on melphalan and prednisone (MP), including MP with thalidomide, bortezomib, or 

lenalidomide. Once again, the available comparative data support the possibility that RVD, 

with some dose modifications to enhance tolerability, is an excellent option for fit patients, 

with KRD as a worthy contender (55). Selected patients may need to be considered for other 

therapies based on clinical grounds, such as with severe neuropathy, where RD or possibly 

KD could be used. Other clinical considerations should include the patient’s fitness based on 

validated scoring systems (56–58), disease burden, as in part measured by classical 

International Staging System (ISS) stage (59) or, preferably, Revised-ISS stage (60), and 

molecular risk (61). Indeed, given the higher comorbidity in this population, less robust 

patients should be considered for RD while we await the results of phase III studies with RD 

and either elotuzumab, daratumumab, or ixazomib. The relative lack of added toxicity due to 

incorporation of monoclonal antibodies, with the notable exception of infusion reactions 

with the first drug dose, and with ixazomib in general, and data from the relapsed/refractory 

setting reviewed earlier, suggest that these should be both highly efficacious and tolerable. 

Figure 1 provides some general guidelines about the use of various clinical criteria in 

selecting appropriate therapies for newly diagnosed and relapsed and/or refractory patients. 

However, it should be noted that randomized controlled trials (RCTs) addressing the use of 

these factors have largely not been performed. These suggestions are therefore made from 

the clinical experience of the authors, and are not as evidence-based as we would ideally 

like. In general, the authors feel that a three-drug, novel agent-based regimen should be 

given in as many situations as it is fesible to do so.

Single-agent lenalidomide or thalidomide (62–64), or bortezomib (65) remain the standards 

of care for maintenance of myeloma patients who have received ASCT. For transplant-

ineligible patients after induction therapy, continued treatment with lenalidomide alone, or 

with RD should be considered (66, 67), while bortezomib alone (68) or with other agents 

(69) are additional options, though they have not been validated in placebo-controlled trials. 

Oral ixazomib could be an attractive option for both of these populations, and results from 

phase III studies in this setting (NCT02181413 and NCT02312258) are eagerly awaited. 

Bortezomib or bortezomib with RD should be especially considered for maintenance of 

patients with molecularly defined (61) high risk disease (70).

In the second line or later setting, no single regimen will be optimal for everyone since more 

options are available, and because choices will be influenced by the number and types of 

prior regimens, whether the patient’s disease is relapsed or refractory, and other 

considerations. Figure 2 provides one possible algorithm that can be used as a rough map 

based in part on the NCCN guidelines, and taking into account recent regulatory drug 

approvals (Table 1) and the design and study populations included and excluded in their 

respective trials (Table 2). Many options are available after 1–3 prior therapies in relapsed 

disease, where progression occurs off treatment, and myeloma is usually more drug-

sensitive, while the number is smaller, but still robust for those with 4 or more prior 

therapies. Refractory disease, defined as progression on the prior treatment, or within sixty 

days of completing therapy, is more challenging, but several options remain for patients with 

bortezomib-, lenalidomide-, and dual-refractory-disease, and can provide substantial 

response quality and durability. It is worth noting that some patients, especially if they have 
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progressed on a low-dose lenalidomide or bortezomib maintenance regimen, may not have 

disease that is fully refractory to these drug classes. In such cases, it may be valuable to 

consider, for example, increasing the dose of lenalidomide and adding dexamethasone along 

with another agent, such as bortezomib, carfilzomib, daratumumab, elotuzumab, or 

ixazomib. Molecular risk should be considered as well (Figure 1), and is increasingly being 

studied in the context of randomized trials. Deletion of 17p, for example, which is one of the 

higher risk myeloma features, seems to respond well based on recent studies to elotuzumab- 

(42) and ixazomib-based (27) therapies. Thus, high-risk patients in both the up-front and 

relapsed and/or refractory settings should likely especially be targeted for PI- and antibody-

based therapies, while panobinostat should be considered in later lines. Another agent of 

interest in the latter setting is pomalidomide, which was approved in 2013 based on phase II 

(71) and III studies (72), and may have enhanced activity against del 17p myeloma (73). 

Importantly, opportunities should be sought at all times to enroll patients onto well-designed 

clinical trials of other, even more novel combinations and agents.

Conclusions

Outcomes for patients with multiple myeloma have improved substantially over the past 

decade, and the impact of the new generation of novel(er) agents, including panobinostat, 

carfilzomib, ixazomib, daratumumab, elotuzumab, and pomalidomide, and combinations 

based on them, will enhance outcomes further. Challenges remain, however, as little is 

known about optimal drug and combination regimen sequencing. Some agents that were 

previously effective can probably be reused for relapsed disease (74, 75), but cross-

resistance between drugs with similar mechanisms of action may limit this in the refractory 

setting. To achieve further progress against multiple myeloma, we still need additional new 

drugs and new drug classes to be validated. Promising candidates include selective inhibitors 

of nuclear export, selective HDAC inhibitors, and inhibitors of anti-apoptotic plasma cell 

proteins such as B-cell Lymphoma (BCL)-2 and Myeloid cell leukemia (MCL)-1, as well as 

immunotherapies such as checkpoint inhibitors, bi-specific T-cell engagers, and chimeric 

antigen receptor-directed T- and natural killer cells. There remains an unmet medical need as 

patients continue to develop relapsed and refractory myeloma which requires novel 

approaches, and many of these novel agents and approaches will probably show efficacy in 

this setting. However, the path towards approvals in the relapsed, and especially the front-

line setting, will become more difficult given our current treatment landscape. For example, 

since several three-drug regimens are now more effective than either VD or RD, one could 

reasonably argue that these may no longer be appropriate general control arms for RCTs. 

Exceptions could be trials that target specific populations, such as frail patients, where two-

drug regimens may still be standards of care. Studies comparing a triplet to a quadruplet will 

likely happen, but with the expected expense of the latter, a higher bar for regulatory 

approval may need to be set than the commonly used 30% improvement in PFS, to insure 

that the incremental cost provides high value in return.

Another challenge is that we still tend to deploy our options in a somewhat empiric fashion, 

and rely on clinical disease characteristics, rather than on the molecular features of each 

patient’s disease, or based on biomarkers. Fortunately, gene expression profiling and 

sequencing are increasingly being used, as in part detailed in the CCR Focus article by 
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Szalat and colleagues (76), to drive treatment decisions. Moreover, biomarkers such as 

Cereblon, which may help predict IMiD sensitivity (77), and the recently described Tight 

junction protein 1, which influences PI sensitivity and resistance (78), are being validated. 

Also, expression of cell surface receptors such as CD38 and Complement inhibitory proteins 

may influence responses to monoclonal antibodies (79), suggesting that 

immunophenotyping and receptor density studies could be of value in deciding on drugs 

from this class. Future therapy will also likely be driven by MRD status, since MRD-

negativity is associated with a superior outcome. This holds the exciting possibility that 

MRD-negativity could be used as an early endpoint for new drug approvals, and that, 

especially with molecular MRD-negativity, therapy could be stopped, thereby reducing 

cumulative patient clinical toxicity and financial burden. These last two parameters, along 

with patient-reported outcomes, need also to become a greater focus, since we hope to soon 

have several regimens to choose from which induce MRD-negative remissions in 100% of 

patients, at which point selections will be made using these factors. Together, these 

approaches will hopefully soon usher in the true era of precision myeloma therapy, and bring 

us to the verge of a cure for this disease.
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Figure 1. Factors to be wighed in deciding on therapy for patients with multiple myeloma
Patient fitness, disease burden, International Staging System (ISS) and Revised-ISS stage, 

and molecular risk should be considered in making treatment decisions for myeloma patients 

in either the newly-diagnosed, relapsed, or refractory settings. However, randomized 

controlled trials (RCTs) trials addressing the use of these factors have largely not been 

performed. These suggestions are therefore grounded in the clinical experience of the 

authors, and are not as evidence-based as we would ideally like. Also, practitioners will need 

to keep in mind the settings for which these drugs have or have not been approved. In 

particular, many of the options, including some of the immunomodulatory drugs (IMiDs), 
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pegylated liposomal doxorubicin (PLD), proteasome inhibitors (PIs), monoclonal antibodies 

(MAbs), and the deacetylase inhibitor (DACi) are not approved for front-line therapy. 

Finally, the options are presented alphabetically, and their order should not be construed as a 

suggestion of their appropriate sequencing, since such studies have not been performed. 

Additional abbreviation: dex, dexamethasone.
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Figure 2. Evidence-based algorithm for treatment of patients with relapsed and/or refractory 
myeloma using our currently approved novel agents
This diagram provides an overview of just some of the considerations and options that are 

involved in management of patients with relapsed and/or refractory disease. Please consult 

the text for further details about the use of this approach, which will need to be 

individualized to the molecular characteristics of each patient’s disease (Figure 1). The 

patient’s prior exposure to, and tolerance of these drug classes needs consideration, as do 

their comorbidities. With regard to the latter, some suggestions are provided about 

appropriate options in the fit (pink background) and frail patient (gray background). Also, 

please note that this list includes only recently approved novel single agents and 
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combination regimens, as well as some combinations that will likely be approved based on 

already available phase III data. For the sake of brevity, we have not incorporated other drug 

classes, such as conventional alkylating agents, which may be of substantial use in this 

setting either at standard doses, or in the context of high-dose therapy with autologous stem 

cell rescue. Moreover, other combinations that have been reported to show encouraging 

outcomes, such as carfilzomib with pomalidomide and dexamethasone, are not included due 

to the lack of phase III data. Thus, this algorithm should not be taken as a representation of 

the full array of available therapies in this setting. “Carfilzomib” refers to the use of this 

drug as a single-agent at the standard dose (20 mg/m2 on days 1, 2, 8, 9, 15, and 15 in cycle 

1, and then 27 mg/m2 on the same days starting cycle 2), while “Carfilzomib/dex” refers to 

its use at a high dose, which is detailed in Table 1. As in Figure 1, the options are presented 

alphabetically, and their order should not be construed as a suggestion of their appropriate 

sequencing, since such studies have not been performed.
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Table 1

Recent and Possible Future Food and Drug Administration (FDA) Approvals of Novel Agents for Patients 

with Relapsed and/or Refractory Multiple Myeloma1

Novel Agent
or Regimen

FDA
Approval

Date

Regimen Used in Registration Study 
Leading to

FDA Approval

Patient
Population

Panobinostat + Bortezomib/ dexamethasone February 23, 2015

Panobinostatat (20 mg p.o. on days 1, 3, 
5, 8, 10, 12) q 3 weeks in cycles 1–8 + 

bortezomib (1.3 mg/m2 i.v. on days 1, 4, 
8, 11) + dexamethasone (20 mg p.o. on 

days 1, 2, 4, 5, 8, 9, 11, 12)
Patients with ≥2 prior 

standard therapies, 
including bortezomib and 

an immunomodulatory 
agent

For cycles 9–12, panobinostat (20 mg 
p.o. on days 1, 3, 5, 8, 10, 12, 22, 24, 

26, 29, 31, 33) q 6 weeks + bortezomib 
(1.3 mg/m2 i.v. on days 1, 8, 22, 29) + 
dexamethasone (20 mg p.o. on days 1, 

2, 8, 9, 22, 23, 29, 30)

Carfilzomib + Lenalidomide/dexamethasone July 27, 2015

Carfilzomib (20 mg/m2 i.v. on days 1, 2 
of cycle 1, then 27 mg/m2 i.v. on days 8, 
9, 15, 16 of cycle 1, and days 1, 2, 8, 9, 
15, and 16 for cycles 2–12) q 28 days + 
lenalidomide (25 mg p.o. on days 1–21) 
+ dexamethasone (40 mg p.o. on days 1, 

8, 15, 22) Patients with relapsed 
disease who had received 
1–3 prior lines of therapyFor cycles 12–18, carfilzomib (27 

mg/m2 i.v. on days 1, 2, 15, 16) q 28 
days + lenalidomide/ dexamethasone as 

above

For cycles 19 and beyond, only 
lenalidomide and dexamethasone were 

continued

Daratumumab November 16, 2015 Daratumumab (16 mg/kg i.v. on days 1, 
8, 15, 22) q 28 days of cycles 1–2, on 
days 1, 15 of cycles 3–6, and on day 1 

of all subsequent cycles

Patients with at least 3 
prior treatments

Ixazomib + Lenalidomide/ dexamethasone November 20, 2015 Ixazomib (4 mg p.o. on days 1, 8, 15) q 
28 days + lenalidomide (25 mg p.o. on 
days 1–21) + dexamethasone (40 mg 

p.o. on days 1, 8, 15, 22)

Patients who had 
received at least 1 prior 

therapy

Elotuzumab + Lenalidomide/dexamethasone November 30, 2015

Elotuzumab (10 mg/kg i.v. on days 1, 8, 
15, 22) q 28 days of cycles 1–2 + 

lenalidomide (25 mg p.o. on days 1–21) 
+ dexamethasone (40 mg p.o. on days 1, 

8, 15, 22) Patients with 1-3 prior 
therapies

For cycles 3 and beyond, elotuzumab 
(10 mg/kg i.v. on days 1, 15) q 28 days 

+ lenalidomide/ dexamethasone as 
above

Carfilzomib + Dexamethasone January 21, 2016 Carfilzomib (20 mg/m2 i.v. on days 1, 2 
of cycle 1, then 56 mg/m2 i.v. on days 8, 
9, 15, 16 of cycle 1, and 56 mg/m2 i.v. 
on days 1, 2, 8, 9, 15, and 16 for cycles 

2 and onward) q 28 days + 
dexamethasone (20 mg p.o. or i.v. on 

days 1, 2, 8, 9, 15, 16, 22, 23)

Patients with relapsed 
disease and 1–3 prior 

therapies
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Novel Agent
or Regimen

FDA
Approval

Date

Regimen Used in Registration Study 
Leading to

FDA Approval

Patient
Population

Daratumumab + Bortezomib/ dexamethasone FDA review pending Daratumumab (16 mg/kg i.v. on days 1, 
8, 15) q 21 days of cycles 1–3, on day 1 
of cycles 4–8 q 21 days, and on day 1 of 

cycles 9 and onward q 28 days + for 
cycles 1–8, bortezomib (1.3 mg/m2 s.c. 
on days 1, 4, 8, 11) + dexamethasone 

(20 mg p.o. or i.v. on days 1, 2, 4, 5, 8, 
9, 11, 12)

Patients who had 
received at least 1 prior 

therapy

Daratumumab + Lenalidomide/ 
dexamethasone

FDA review pending Daratumumab dosing as detailed above 
for single–agent daratumumab + 
lenalidomide + dexamethasone as 
described above for elotuzumab

Patients who had 
received at least 1 prior 

therapy

1
Abbreviations: FDA, Food and Drug Administration; i.v., intravenous; p.o., oral; s.c., subcutaneous
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