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Abstract: Carfilzomib is a proteasome inhibitor that binds selectively and irreversibly to the 20S 

proteasome, the proteolytic core particle within the 26S proteasome, resulting in the accumulation 

of proteasome substrates and ultimately growth arrest and apoptosis of tumor cells. The develop-

ment and ultimate approval of this medication by regulatory agencies has been an important step 

toward improving clinical outcomes in multiple myeloma. Although initially approved as a single 

agent for the treatment of multiply relapsed and/or refractory myeloma, in the USA, it is now 

widely used in the early relapse setting in combination with lenalidomide and dexamethasone. 

Carfilzomib has also been studied in combination with second-generation immunomodulatory 

drugs, histone deacetylase inhibitors, alkylating agents and other novel medications. In this review 

article, we will discuss the efficacy, safety, tolerability and quality of life of carfilzomib-based 

combination therapies, as well as novel agents, for relapsed multiple myeloma.

Keywords: multiple myeloma, relapsed and refractory myeloma, carfilzomib, novel drugs, 

salvage chemotherapy

Introduction
Multiple myeloma (MM) accounts for approximately 1% of all cancers and slightly .10% 

of hematologic malignancies in the USA.1 Over the years, notable progress has been 

made in autologous stem cell transplantation (ASCT) along with the introduction of 

several breakthrough drugs, including newer generation immunomodulators (IMiDs) 

and proteasome inhibitors (PIs), which led to a significant increase in the response 

rate of those affected as well as survival rate. In fact, 5-year survival rates have almost 

doubled, increasing from 27% to 47% between 1989 and 2010, respectively.2,3

Despite the fact that recent treatment options for MM have led to improved response 

rates and increased survival, the vast majority of patients with MM ultimately relapse. 

Although second and later remissions can be achieved with additional treatment, tumors 

typically recur more aggressively after each relapse, leading to decreased duration of 

response and ultimately culminating in the development of treatment-refractory disease, 

which is associated with shortened survival times.4 As a consequence, combination 

therapy regimens are frequently used to treat patients with relapsed MM, with those 

that use the complementary activity of a PI and an IMiD particularly encouraging.5

There is now a plethora of treatments available for relapsed and refractory MM. 

In this review article, our aim is to discuss the therapeutic efficacy, safety and quality 

of life of carfilzomib regimens in combination with IMiDs (lenalidomide or pomali-

domide) and other agents in the context of the vast array of novel therapies available 

for the treatment of relapsed and/or refractory MM (RRMM). We will also briefly 

discuss emerging new therapies for relapsed myeloma.
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Pharmacology, mode of action and 
biomarkers of carfilzomib
The proteasome is a key structure for cell regulation at the 

interplay of cell division, angiogenesis, immune response, 

transcription factor activation and posttranslational modifica-

tion of proteins.6 Carfilzomib is a tetrapeptide epoxyketone 

PI that binds selectively and irreversibly to the 20S protea-

some, the proteolytic core particle within the 26S proteasome. 

Consequently, proteasome function after therapy can only 

be regained by de novo proteasome synthesis. Specifically, 

carfilzomib inhibits the chymotrypsin-like (CT-L) catalytic 

activity of the β5 subunit over the caspase-like catalytic 

activity of the β1 subunit or the trypsin-like catalytic activity 

of the β2 subunit, resulting in the accumulation of protea-

some substrates and ultimately growth arrest and apoptosis.5 

Carfilzomib penetrates all tissues, but the brain extensively. 

It is largely metabolized extrahepatically and rapidly 

cleared from the circulation by biliary and renal excretion 

(t1/2=15–30 minutes); ,1% is excreted intact.7

A novel constitutive/immunoproteasome subunit enzyme-

linked immunosorbent assay was used in a study to quantify 

proteasome subunit occupancy in samples from five Phase I/

II and II trials before and after treatment with carfilzomib.8 

Following the first carfilzomib dose (15–56 mg/m2), a dose-

dependent inhibition of constitutive (c20S) and immuno 

(i20S) proteasome CT-L active sites was observed, where 

greater occupancy of multiple i20S subunits correlated with 

an increased likelihood of achieving a clinical response at 

higher doses of carfilzomib.8

Circulating proteasomes (cProteasomes) in blood have 

also been studied in myeloma as a potential biomarker. In 

a retrospective study, lower levels of cProteasomes after 

treatment were correlated with response to chemotherapy 

and improved survival.9 Unfortunately, these results were 

not replicated in a prospective study after initial treatment 

of myeloma patients with carfilzomib, lenalidomide and 

dexamethasone.10,11 This lack of association may be due to 

great efficacy of the combination treatment or the fact that 

cProteasomes activity is not reflective of the proteasome 

activity of malignant plasma cells, for example. Presently, 

there is no validated biomarker able to predict the clinical 

outcomes after treatment with carfilzomib. This is an aspect 

that needs to be further investigated in future studies.

Efficacy of carfilzomib combination 
therapy
Numerous trials have supported the clinical efficacy of carfil-

zomib whether in monotherapy or in combination (Table 1). 

Thus, carfilzomib has undergone several approvals by the 

Food and Drug Administration (FDA) in the USA. It first 

received accelerated approval in 2012 in combination with 

dexamethasone for the treatment of RRMM patients who 

had received at least two prior lines of therapy, including 

bortezomib and an immunomodulatory drug.12 In 2015, 

carfilzomib approval indication was expanded to include the 

combination with lenalidomide and dexamethasone for the 

treatment of patients with relapsed MM who had received 

one to three prior lines of therapy.13 In 2016, carfilzomib’s 

approval in combination with dexamethasone was expanded 

to include treatment of RRMM patients, who had received 

one or more lines of therapy. Approval by the European 

Medicines Agency was received in 2015 in combination with 

either lenalidomide and dexamethasone or dexamethasone 

alone for patients with MM who had received at least one 

prior therapy.14

Carfilzomib was initially evaluated in two Phase I studies, 

PX-171-00115 and PX-171-002,16 investigating two different 

dosing schedules for patients with RRMM: five consecutive 

days of a 14-day cycle and two consecutive days every week 

for 3 weeks of a 28-day cycle. The first schedule demon-

strated promising antitumor activity, but the second one 

was better tolerated and was chosen for further exploration 

in Phase II studies.15,16

In the pivotal Phase II study PX-171-003-A1 of patients 

with RRMM, single-agent carfilzomib was efficacious, with 

an acceptable safety and tolerability profile when admin-

istered intravenously for two consecutive days/week for 

3 weeks of a 28-day cycle at a dose reduced first cycle of 

20 mg/m2 to abrogate potential tumor lysis syndrome and 

early infusion reaction and the dose escalated to 27 mg/m2 

thereafter, with an overall response rate (ORR) of 23.7%.17,18 

Other carfilzomib dosing schedules have been investigated 

with increasing activity. For example, a Phase I study of a 

30-minute infusion of carfilzomib (on days 1, 2, 8, 9, 15, 

16 every 28 days) with low-dose dexamethasone (40 mg 

weekly) in RRMM showed that the maximum tolerated 

dose (MTD) was 56 mg/m2. The ORR for this study for the 

56 mg/m2 cohort was 55%.19 Also, the CHAMPION-1 study 

evaluated carfilzomib on a once-weekly dosing schedule with 

the extension of the infusion time from 2–10 to 30 minutes 

to allow tolerance of higher doses of carfilzomib. In the 

Phase 1 portion of the study, the MTD of carfilzomib with 

dexamethasone was determined to be 70 mg/m2 once a week 

with an ORR of 77%.20

Based on the above encouraging results, the combina-

tion of carfilzomib, lenalidomide and dexamethasone for 
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RRMM was investigated in early phase studies. The study 

PX-171-006 evaluated the safety, dosage and efficacy of 

this combination and established an MTD of carfilzomib 

20 mg/m2 on days 1 and 2 of cycle one, 27 mg/m2 on days 

8, 9, 15 and 16 of cycle one and 27 mg/m2 on days 1, 2, 8, 

9, 15 and 16 starting with cycle two, lenalidomide 25 mg on 

days 1–21 and dexamethasone 40 mg weekly every 28 days, 

with an ORR of 62.5% in relapsed myeloma patients after 

one to three prior regimens. An expansion cohort at the MTD 

showed the ORR was 77%, including an ORR of 69% in 

bortezomib-refractory patients.21,22

The efficacy of the combination of carfilzomib, lenali-

domide and dexamethasone (KRd) set the stage for the 

Phase III study ASPIRE, which compared KRd to lenalido-

mide and dexamethasone (Rd) in patients with relapsed MM 

who had received one to three prior treatments.23 Among 

the 396 patients treated in the KRd arm, the ORR reached 

87% compared to 67% in the Rd group, with a median 

progression-free survival (PFS) of 26.3 and 17.6 months, 

respectively. The addition of carfilzomib to lenalidomide 

and dexamethasone led to significantly improved outcomes 

with a clinically relevant 31% decrease in the risk of disease 

progression or death and an increase of 8.7 months in the 

median PFS. At that time, no other regimens were associated 

with an equivalent duration of median PFS in the absence 

of transplantation. Also, a preplanned subgroup analysis 

of ASPIRE showed that KRd improved PFS in patients 

with high-risk cytogenetics (t[4;14], [14;16], del[17p]) by 

9 months relative to Rd.24 This study supported the evidence 

that combination therapy was highly effective in relapsed 

myeloma and possibly led to a new standard of care for the 

treatment of early relapse.

Given that carfilzomib was found to be efficacious in 

bortezomib-refractory patients, there was an interest in a 

head-to-head comparison of PI efficacy in a similar patient 

population. The ENDEAVOR study randomized 929 patients 

Table 1 Efficacy of carfilzomib combination therapy

Author Phase 
Primary end point 
Regimen

Patient population 
with RRMM

Toxicities Results

Stewart 
et al23

III Randomized
PFS
KRd vs Rd

396 KRd patients vs 
396 Rd patients

Ae grade 3 or higher in 
83.7% KRd and 80.7% Rd

ORR 87.1% KRd vs 66.7% Rd
Median PFS 26.3 months KRd vs 17.6 months Rd
24-month OS 73.3% KRd vs 65% Rd

Dimopoulos 
et al25

III Randomized
PFS
Kd vs vd

464 Kd patients vs 
465 Vd patients

Higher rate of grade 3–4 
anemia, hypertension, 
thrombocytopenia in Kd

ORR 77% Kd vs 63% Vd
Median PFS 18.7 months Kd vs 9.4 months Vd

wang et al22 ii 
ORR, PFS, DOR 
KRd

54 KRd patients Lymphopenia, neutropenia, 
thrombocytopenia and 
anemia

ORR 76.9% KRd
Median DOR 22.1 months KRd
Median PFS 15.4 months KRd

Fiala et al35 ii
Efficacy, ORR
KLd

23 KLd patients Infections, hypertension, 
MI, thrombocytopenia, 
anemia

ORR 83% KLd
Median EFS 7.4 months

Berdeja 
et al32

i/ii
MTD, ORR
FKd

33 FKd patients Dyspnea, neuropathy, 
cardiac toxicities

ORR 82% FKd
Median PFS 9.7 months
Median OS 24.7 months

Martin 
et al72

Ib
MTD
iK

11 iK patients Anemia, neutropenia, 
pneumonia

ORR 80% iK

vesole 
et al30

i
MTD, safety
QUAD

17 QUAD patients Neutropenia, anemia, 
thrombocytopenia

MTD not reached
No DLT observed
ORR 53% QUAD
Median PFS 12 months QUAD

Jakubowiak 
et al37,38

i
MTD, safety, efficacy
SKd

18 SKd patients Thrombocytopenia, 
neutropenia, anemia, 
gastrointestinal disorders

MTD not reached
1 DLT of cardiac amyloidosis
75%$ MR SKd

Shah et al26 i
MTD, safety
KPd

32 KPd patients Anemia, dypsnea ORR 50% KPd 
Median PFS 7.2 months KPd

Abbreviations: AE, adverse event; DLT, dose-limiting toxicities; DOR, duration of response; EFS, event free survival; FKd, panobinostat carfilzomib dexamethasone; IK, 
isatuximab carfilzomib; Kd, carfilzomib dexamethasone; KLd, carfilzomib pegylated liposomal doxorubicin dexamethasone; KPd, carfilzomib pomalidomide dexamethasone; 
KRd, carfilzomib lenalidomide dexamethasone; MI, myocardial infarction; MR, minimal response; MTD, maximum tolerated dose; ORR, overall response rate; OS, overall 
survival; PFS, progression-free survival; QUAD, carfilzomib lenalidomide vorinostat dexamethasone; Rd, lenalidomide dexamethasone; RRMM, relapsed and/or refractory 
multiple myeloma; SKd, selinexor carfilzomib dexamethasone; Vd, bortezomib dexamethasone.
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with RRMM to either carfilzomib 56 mg/m2 with dexametha-

sone or bortezomib 1.3 mg/m2 with dexamethasone with the 

primary endpoint being PFS.25 The proportion of patients 

achieving an objective response was 77% in the carfilzomib 

group, compared with 63% in the bortezomib group. The 

median PFS was 18.7 months in the carfilzomib group vs 

9.4 months in the bortezomib group. Serious adverse events 

(AEs) were reported in 48% of 463 patients in the carfilzomib 

group and in 36% of 456 patients in the bortezomib group 

and included by order of frequency: anemia, hypertension, 

thrombocytopenia and infections. A higher proportion of 

patients had peripheral neuropathy in the bortezomib group 

(51% all grades vs 19%), but nephro-cardiac events were 

more common in the carfilzomib group (acute kidney fail-

ure 7% vs 4%, cardiac failure 7% vs 2%). This study led 

to expanded approval of carfilzomib in patients who had 

received one to three lines of therapy as discussed above.

Also, carfilzomib has been studied in combination with 

other IMiDs. A Phase I study of the combination of carfil-

zomib, pomalidomide and dexamethasone (KPd) included 

32 patients with relapsed MM refractory to the most recent 

line of therapy and refractory to a regimen containing full 

dose lenalidomide.26 The participants received a median of 

seven cycles (range, 1–24) of KPd and the ORR was 50% 

in this heavily pretreated patient population. After a median 

follow-up of 26.3 months (range, 1–37), the median PFS 

was 7.2 months. The median overall survival (OS) was 20.6 

months with the 12-month OS rate being 67%. Interestingly, 

among the five patients with high-risk deletion of the short 

arm of chromosome 17, the 12-month PFS rate was 60% 

and the 12-month OS rate was 80%, which were better 

than the rates observed for the entire cohort (29% and 67%, 

respectively). This keeps in line with the possible efficacy of 

pomalidomide for high-risk MM carrying deletion 17p.27

The combination of carfilzomib with an IMiD is part of 

the standard of care of treatment for early relapse in MM with 

unprecedented efficacy shown in large randomized studies 

as described above. Also, carfilzomib has been combined 

with numerous other agents. In the next few paragraphs, we 

will discuss selected novel combinations using carfilzomib 

that have shown encouraging preliminary efficacy and may 

move forward to regulatory approval.

Improved clinical outcomes have been achieved with the 

combination of histone deacetylase inhibitors (HDACis) and 

PI.28,29 Given this, quadruple therapy has also been studied 

in early phase studies with the combination of carfilzomib, 

lenalidomide, vorinostat (HDACi) and dexamethasone 

(QUAD) among 17 patients with RRMM having received 

at least one prior line of therapy.30 The treatment was well 

tolerated with a manageable safety profile. The ORR was 

53% across all cycles of treatment. The median time to 

response for patients achieving a partial response (PR) or 

better was 2 months, and the median duration of response for 

patients achieving a PR or better was 15 months. The median 

PFS was 12 months, and the median OS was not reached. 

Panobinostat is a pan-deacetylase inhibitor that was FDA 

approved for the treatment of patients with MM who have 

received at least two prior regimens, including bortezomib 

and an immunomodulatory agent.31 This molecule was stud-

ied in a Phase 1/2 trial in combination with carfilzomib and 

dexamethasone with 33 patients with RRMM after at least 

one line of treatment. Notable AEs were dyspnea (36%), 

neuropathy (18%) and two grade 3/4 cardiac toxicities. The 

ORR was 82%, the median PFS was 9.69 months, and the 

median OS was 24.7 months. Of note, a carfilzomib dose 

of 56 mg/m2 with panobinostat at 20 mg was given in this 

schedule and it did not appear to result in increased cardio-

pulmonary toxicity, but dyspnea rates were higher in this 

cohort than previously reported.32

Alkylating agents are being studied in combination 

with carfilzomib for patients with relapsed and/or refrac-

tory myeloma. The study ISRCTN17354232 will assess the 

efficacy of the combination of carfilzomib vs bortezomib 

with cyclophosphamide and dexamethasone in the UK. The 

study will also assess the need for carfilzomib maintenance 

after initial treatment in patients at first relapse or refractory 

to no more than one line of treatment. The primary objec-

tive of the study is to report noninferiority activity through 

response rate after 24 weeks of treatment.33 Another study, 

NCT02056756, is evaluating the MTD of the combination 

of carfilzomib with bendamustine and dexamethasone for 

RRMM after at least one prior line of therapy.34 Results of 

this study are awaited within the next year.

Pegylated liposomal doxorubicin (anthracyclines) has 

been combined with carfilzomib and dexamethasone in a 

Phase 2 trial with 23 patients with RRMM after at least a 

line of therapy. The ORR was 83%, with 48% achieving 

a complete or very good partial response (VGPR). The 

median number of cycles was 11; the median estimated 

event-free survival was 7.4 months at a median follow-up 

of 10.6 months. Grade 3/4 nonhematologic toxicity was 

uncommon, but included infections (11 patients), hyperten-

sion (four patients) and myocardial infarction (one patient). 

Grade 3/4 hematologic toxicity included thrombocytope-

nia (11 patients), anemia (eight patients) and neutropenia 

(seven patients).35
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In addition, selinexor, an orally available novel member 

of the selective inhibitors of nuclear export36 class of com-

pounds has shown promising responses in combination 

with carfilzomib and dexamethasone (SKd). In a Phase 1 

study with 18 patients with RRMM, of which 16 response-

evaluable patients were refractory to carfilzomib and of 

which 11 were refractory to carfilzomib combinations as 

their last line of therapy, 75% showed at least a minimal 

response. The combination of SKd demonstrates encouraging 

activity and safety in heavily pretreated, mostly carfilzomib- 

refractory myeloma.37,38

Isatuximab, an anti-CD38 monoclonal antibody that is 

not yet approved for the treatment of myeloma, has been 

combined with carfilzomib in a Phase 1b trial with 11 patients 

with RRMM having received a median of 4.5 prior lines of 

therapy, showing a promising ORR of 80%. Hematologic 

toxicity was mild with 9% grade 3/4 anemia, 9% grade 3/4 

neutropenia, and the most frequent serious AE was grade 3 

pneumonia.

It is important to note than in addition to all the combina-

tion therapies mentioned above, for patients with relapsed 

and refractory myeloma, carfilzomib has been success-

fully studied in newly diagnosed MM (NDMM). Indeed, a 

Phase 1/2 study with KRd as a frontline treatment for NDMM 

showed high response rates with 62% near-complete response 

(nCR) and 42% stringent complete response (sCR) after a 

median of 12 cycles.39 These findings were replicated in a 

second Phase II study using KRd in NDMM.11 These encour-

aging results in NDMM led to the National Comprehensive 

Cancer Network inclusion of KRd as a treatment option 

for NDMM.40 An ongoing Phase 3 study (NCT01863550, 

ENDURANCE) will test whether carfilzomib vs bort-

ezomib combined with lenalidomide and dexamethasone 

leads to a meaningful increase in OS for NDMM patients, 

which may lead to a new standard of care for patients  

with NDMM.

Carfilzomib combination therapies are also effective in 

NDMM not eligible for ASCT. A Phase 2 study with carfil-

zomib, cyclophosphamide and dexamethasone (KCyd) in 

patients with NDMM $65 years of age or who were ineli-

gible for ASCT showed that after a median of nine KCyd 

induction cycles, 95% of patients achieved at least a partial 

response, 71% achieved at least a VGPR, 49% achieved at 

least an nCR and 20% achieved sCR.41 These are encouraging 

results especially for patients in those countries where IMiDs 

are not routinely used for treatment of newly diagnosed 

myeloma and where the use of carfilzomib with alkylating 

agents might be advantageous.

Safety, tolerability and quality of life with 
carfilzomib combination therapy
Carfilzomib is generally well tolerated by patients with 

RRMM. In this section, we will review the reported side 

effects that are specifically associated with carfilzomib treat-

ment, as well as overall safety and tolerability data.

In the ASPIRE trial, 70% of the patients in the KRd group 

and 78% of the patients in the Rd group discontinued treat-

ment, most commonly owing to disease progression (39.8% 

and 50.1%, respectively) or AEs.23 In the KRd group, AEs 

resulted in a reduction of the carfilzomib dose in 11% of 

patients and a reduction of the lenalidomide dose in 43% of 

patients. AEs of any grade that occurred more frequently in 

the KRd group than in the Rd group by at least 5% points 

included hypokalemia, cough, upper respiratory tract infec-

tion, diarrhea, pyrexia, hypertension, thrombocytopenia, 

nasopharyngitis and muscle spasms. The rate of discontinua-

tion due to these events was ,1% in both groups. There was 

no meaningful difference between groups in the incidence of 

peripheral neuropathy (17.1% in the carfilzomib group and 

17.0% in the control group), which was an important finding 

given the treatment limitations with the first-generation PI, 

bortezomib. AEs of grade 3 or higher were reported in 83.7% 

of patients in the KRd group and 80.7% of patients in the Rd 

group, and serious AEs were reported in 59.7% and 53.7% 

of patients, respectively. In each treatment group, 6.9% of 

patients died owing to AEs. AEs leading to more than two 

deaths in either group were myocardial infarction (three in the 

KRd group and one in the Rd group), cardiac failure (one and 

three, respectively) and sepsis (three and two, respectively). 

In the ASPIRE trial, patients in the KRd group reported 

superior health-related quality of life (according to the score 

on the Quality of Life Questionnaire-Core 30 Global Health 

Status and Quality of Life scale) than those in the Rd control 

group during the 18 cycles of treatment,23 without negatively 

affecting patient-reported symptoms.42

Carfilzomib is known to be toxic to cardiomyocytes 

probably due to the accumulation of unfolded, damaged and 

undegraded proteins and induced apoptosis.43 This may be 

a class effect of PIs, as bortezomib has also been associated 

with cardiac events, although at a much lower rate.17 Indeed, 

PI putatively mediates effects on the cardiovascular system as 

a result of changes in endothelial nitric oxide synthase activity 

and nitric oxide (NO) levels.44 Loss of NO bioavailability 

leads to impaired vasodilation and endothelial dysfunction, 

and misregulation of NO homeostasis is associated with 

hypertension, coronary artery disease, congestive heart 
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failure, peripheral artery disease, diabetes and chronic renal 

failure.44 According to FDA prescribing information, death 

due to cardiac arrest has occurred within a day of carfilzomib 

administration and new-onset or worsening of pre-existing 

congestive heart failure with decreased left ventricular func-

tion or myocardial ischemia have occurred following the 

administration of carfilzomib. Cardiac failure events (eg, 

cardiac failure congestive, pulmonary edema, ejection frac-

tion decreased) were reported in 7% of patients.45 Similarly, 

in the ASPIRE study, the cardiac events grade 3 or higher 

occurred more commonly in the carfilzomib group than in the 

control group: cardiac failure 3.8% vs 1.8%, ischemic heart 

disease 3.3% vs 2.1% and hypertension 4.3% vs 1.8%.23 In 

a retrospective single-center study, 26 patients out of 130 

treated with carfilzomib presented criteria for significant 

cardiac AEs. Among these 130 patients, 93 showed a median 

echocardiographic ejection fraction drop from 55% to 33%. 

However, most patients in this study with reported serious 

cardiovascular events also had a history of cardiac events and 

exposure to doxorubicin which may predispose to cardiac 

events.46 Nevertheless, the risk of these rare, but serious com-

plications can be mitigated with basic management strategies, 

including increasing the infusion time, dose modification if 

indicated, proper fluid management and appropriate monitor-

ing, allowing the majority of patients to benefit fully from 

this potentially life-prolonging treatment.47

According to FDA prescribing information, pulmonary 

arterial hypertension was reported in 2% of patients treated 

with carfilzomib and was grade 3 or greater in less than 1% 

of patients, and dyspnea was reported in 35% of patients with 

grade 3 dyspnea occurring in 5%.45 However, in the recent 

Phase 3 FOCUS trial comparing carfilzomib vs corticoster-

oids with optional cyclophosphamide, dyspnea all grades and 

grade 3 or greater occurred in 15% and 1%, respectively, in 

the carfilzomib group and in 9% and 0%, respectively, in the 

control group and pulmonary hypertension was not reported 

at all.48 It is reasonable to think that the management of AEs 

of carfilzomib has improved between these two studies, 

leading to a reduction of reported dyspnea. Nevertheless, 

it is unclear from these reports whether anemia or cardiac 

dysfunction contributed to dyspnea that was not related to 

pulmonary hypertension.

Combination of FDA-approved therapies 
for the treatment of relapsed/refractory 
myeloma that do not include carfilzomib
Combination therapies that do not include carfilzomib have 

changed the MM treatment landscape and have recently been 

approved by the regulatory agencies due to demonstrated 

efficacy in clinical trials. These include the monoclonal 

antibodies, HDACi, IMiDs and oral versions of PI, which 

are summarized in Table 2 and discussed below.

Since 2015, the introduction of monoclonal antibodies in 

the treatment of MM has been perhaps the major step forward 

in the treatment of this disease. Daratumumab is a human 

monoclonal antibody that binds to CD38, a molecule expressed 

by myeloma cells, and induces complement-dependent 

and antibody-dependent cell-mediated cytotoxicity, 

antibody-dependent cell phagocytosis, as well as induction 

of apoptosis.49 Daratumumab was studied initially as mono-

therapy, leading to regulatory approval by the FDA in 2015. 

Recently, a Phase I/II trial with daratumumab, lenalidomide 

and dexamethasone (DRd) among patients with relapsed 

MM after two to four prior lines of therapy resulted in rapid, 

deep and durable responses with an ORR of 81% (25% sCR, 

9% complete response [CR] and 28% VGPR). The 18-month 

PFS and OS rates were 72% and 90%, respectively, which 

were very encouraging.50 Daratumumab has also been studied 

in combination with bortezomib. A Phase 3 trial randomized 

498 patients with RRMM to receive bortezomib and dex-

amethasone alone or in combination with daratumumab.51 

The 12-month rate of PFS was 60.7% in the daratumumab 

group vs 26.9% in the control group. The rate of overall 

response was higher in the daratumumab group than in the 

control group (82.9% vs 63.2%, P,0.001), as were the rates 

of VGPR or better (59.2% vs 29.1%, P,0.001) and CR or 

better (19.2% vs 9.0%, P=0.001). Based on these studies, 

daratumumab improves clinical outcomes when combined 

with other antimyeloma agents in the RRMM setting. Based 

on these results, there are several studies ongoing that evalu-

ate the efficacy of daratumumab for the initial treatment of 

myeloma, including a Phase III study of bortezomib, lenali-

domide, dexamethasone with or without daratumumab 

(NCT02874742) for NDMM.

Elotuzumab is a humanized immunoglobulin G1 immu-

nostimulatory monoclonal antibody targeted against signal-

ing lymphocytic activation molecule F7. Elotuzumab exerts 

a dual effect by directly activating natural killer cells and 

mediating antibody-dependent cell-mediated cytotoxicity 

through the CD16 pathway.52,53 The Phase 3 ELOQUENT 

trial compared elotuzumab plus lenalidomide and dex-

amethasone (ERd) with lenalidomide and dexamethasone 

(Rd).53 The ORR in the ERd group was 79% vs 66% in the 

Rd group, and the median PFS in the ERd group was 19.4 

vs 14.9 months in the Rd group.53 Based on this study, elo-

tuzumab was approved for treatment by the FDA in 2015 
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and is now routinely used in clinical practice. Elotuzumab is 

being studied as part of initial treatment in Phase III studies 

for high-risk and standard risk NDMM (NCT02495922, 

NCT01668719).

Given their overall good tolerability and significant 

efficacy, monoclonal antibodies can be combined with 

numerous regimens to boost therapy for myeloma. Studies 

including monoclonal antibodies in combination with stan-

dard therapies for NDMM are ongoing, eagerly awaited and 

likely to reshape how we treat myeloma in the coming years. 

Panobinostat is a pan-deacetylase inhibitor that was FDA 

approved for the treatment of patients with MM who have 

received at least two prior regimens, including bortezomib 

and an immunomodulatory agent.37 This molecule was 

studied in the Phase 3 trial PANORAMA1 that randomized 

768 patients to either panobinostat, bortezomib and dexam-

ethasone (FVd) or placebo, bortezomib and dexamethasone 

(Vd). The median PFS and OS were longer in the FVd group 

than in the Vd-placebo group, 12.0 vs 8.1 months and 33.6 vs 

30.4 months, respectively. The proportion of patients with a 

CR or an nCR was also significantly higher in the FVd group 

than in the Vd-placebo group (27.6% vs 15.7%).29

Table 2 Efficacy of novel FDA-approved combination therapies for the treatment of RRMM that do not include carfilzomib

Author Phase  
Primary end point 
Regimen

Patient population with 
RRMM

Toxicities Results

San Miguel 
et al27

III Randomized
PFS
Pd vs HD dex

302 Pd patients vs 153 HD dex 
patients

Increased rate of neutropenia and 
pneumonia in Pd

ORR 31% Pd vs 10% HD dex
Median PFS 4.0 months Pd vs 

1.9 months HD dex
San-Miguel 
et al29

III Randomized
PFS
FVd vs placebo + vd

387 Fvd patients vs 381  
placebo + vd patients

Increased rate of SAE, 
thrombocytopenia and diarrhea  
in Fvd

ORR 60.7% FVd vs 54.6% placebo + 
Vd, P=0.09

CR or nCR FVd 27.6% vs 15.7% 
placebo + vd

Median PFS 12.0 months FVd vs 
8.1 months placebo + vd

Median OS 33.6 months FVd vs 
30.4 months placebo + vd

Lonial 
et al53

III Randomized
PFS, ORR
eRd vs Rd

321 eRd patients vs 325 Rd 
patients

Increased rate of grade 3–4 
lymphocytopenia in ERd, increased 
rate of neutropenia grade 3–4 in Rd

ORR 79% in ERd vs 66% in Rd
Median PFS 19.4 months in ERd vs 

14.9 months in Rd
Moreau 
et al55

III Randomized
PFS
NRd vs placebo + Rd

360 NRd patients vs 362 placebo +  
Rd patients

Similar rate of SAE in the two groups 
Higher rate of rash, neuropathy and 
grade 3–4 thrombocytopenia in NRd

ORR 78% in NRd vs 72% in Rd
CR + VGPR 48% in NRd vs 39% in Rd
Median PFS 20.6 months in NRd vs 

14.7 months in Rd
Lonial 
et al49

II Randomized
ORR
Dara 8 vs 16 mg/kg

Part 1: 18 patients Dara 8 mg/kg 
vs 16 patients Dara 16 mg/kg
Part 2: 106 patients Dara 16 mg/kg

Fatigue, anemia ORR Dara 16 mg/kg 29.2%
Median PFS Dara 16 mg/kg 3.7 months
Median OS Dara 16 mg/kg 17.5 months

Baz et al54 II Randomized
ORR
PCd vs Pd

33 patients PCd vs 35 Pd patients Higher rate of grade 3–4 anemia, 
thrombocytopenia and neutropenia 
in PCd

ORR 64.7% in PCd vs 38.9% in Pd
Median PFS 9.5 months in PCd vs  

4.4 months in Pd
Kumar 
et al57

ii
ORR
NCd

78 patients NCd Diarrhea, nausea, anemia, 
neutropenia

ORR 49%
12-month PFS 57.5%

Krishnan 
et al56

i/ii
MTD, efficacy
NPd

32 NPd patients Neutropenia, lymphocytopenia, 
thrombocytopenia

ORR 45% NPd
ORR 58% in high-risk cytogenetics

Pozzi 
et al58

i/ii
MTD, response
BRd

Phase I: 15 patients BRd 
Phase II: 23 patients BRd

Neutropenia, anemia, 
thrombocytopenia, rash

ORR 47% in BRd
Median PFS 10 months in BRd
2-year OS 65% in BRd

Plesner 
et al73

i/ii
Safety, efficacy
DRd

Part 1: 13 patients DRd
Part 2: 32 patients DRd

Neutropenia, anemia, 
thrombocytopenia

ORR 81% in DRd
18-month PFS 72% in DRd
18-month OS 90% in DRd

Abbreviations: BRd, bendamustine lenalidomide dexamethasone; CR, complete remission; Dara, daratumumab; dex, dexamethasone; DRd, daratumumab lenalidomide 
dexamethasone; ERd, elotuzumab lenalidomide dexamethasone; FDA, Food and Drug Administration; FVd, panobinostat bortezomib dexamethasone; HD, high dose; 
Id, ixazomib dexamethasone; MTD, maximum tolerated dose; NCd, ixazomib cyclophosphamide dexamethasone; nCR, near-complete remission; NPd, ixazomib, pomalidomide 
dexamethasone; NRd, ixazomib lenalidomide dexamethasone; ORR, overall response rate; OS, overall survival; PCd, pomalidomide cyclophosphamide dexamethasone; 
Pd, pomalidomide low-dose dexamethasone; PFS, progression-free survival; Rd, lenalidomide dexamethasone; RRMM, relapsed and/or refractory multiple myeloma; SAE, 
serious adverse events; Vd, bortezomib dexamethasone; VGPR, very good partial response.
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Pomalidomide has been studied in different combinations, 

including with carfilzomib as mentioned above and cyclo-

phosphamide. A Phase II trial with 68 RRMM patients, 

who had received at least two prior lines of therapy includ-

ing prior use of lenalidomide and lenalidomide-refractory 

patients, were randomized to receive pomalidomide, cyclo-

phosphamide and dexamethasone (PCyd) or pomalidomide/

dexamethasone (Pd). The ORR was 64.7% vs 38.9% and the 

median PFS was 9.5 vs 4.4 months in the PCyd vs Pd arms, 

respectively, making this regimen another possible choice 

for patients with RRMM.54

Ixazomib is an oral PI studied in the Phase 3 trial 

TOURMALINE-MM1 with 722 patients who had relapsed, 

refractory, or relapsed and refractory MM receiving ixazomib 

plus lenalidomide–dexamethasone (NRd) or placebo plus 

lenalidomide–dexamethasone (placebo-Rd).55 The overall 

rates of response were 78% in the NRd group and 72% in 

the placebo-Rd group, and the PFS was significantly longer 

in the NRd group (20.6 months) than in the placebo-Rd 

group (14.7 months). Due to its demonstrated efficacy vs 

lenalidomide alone and convenience of an all-oral regimen, 

ixazomib is routinely used in the clinic for treatment of 

RRMM in the USA.

A Phase 1/2 trial with ixazomib, pomalidomide and 

dexamethasone with 32 patients with RRMM has also been 

reported. This showed an ORR of 45% and an ORR of 58% in 

patients with high-risk cytogenetics (1q, 17p, t[4;14]), adding 

evidence to the efficacy of pomalidomide’s use in high-risk 

myeloma.56 Another trial with ixazomib, cyclophosphamide 

and dexamethasone including 78 patients showed a similar 

efficacy with an ORR of 49%. However, a subgroup analysis 

showed a higher ORR (68% vs 35%), a higher CR+VGPR rate 

(23% vs 12%) and a significant PFS improvement in patients 

aged .65 years vs patients aged #65 years (12-month PFS 

rate estimate 67.2% vs 50.7%).57

The alkylator agent bendamustine is also efficacious and 

is currently used for the treatment of RRMM. One of the 

most used regimens includes bendamustine, lenalidomide 

and dexamethasone that was studied in a Phase 1/2 trial with 

23 patients with RRMM (one to three lines of prior therapy). 

For the study population, the ORR was 47%, median PFS 

was 10 months and the 2-year OS rate was 65%.58

There are currently no Phase III studies evaluating the 

efficacy of carfilzomib vs monoclonal antibodies or HDACi, 

and treatment for each RRMM patient must be individualized. 

A recent pooled analysis of 20 prospective studies evaluating 

2,220 patients reported that the carfilzomib combination regi-

mens produced an ORR of 61% in 1,211 relapsed/refractory 

patients and at least a VGPR in 29%. Alternatively, among 

the 597 patients receiving panobinostat-containing combina-

tions, the ORR was 49% and at least 16% achieved a VGPR. 

Finally, the ORR of the 449 patients receiving elotuzumab-

containing combinations was 73% with at least a VGPR 

in 37%.59 Thus, carfilzomib combination treatment, in the 

absence of contraindications, should be introduced early on 

in the treatment of RRMM, as studies have shown deep and 

prolonged responses even in the absence of ASCT.

Emerging therapies for the treatment of 
relapsed myeloma
As discussed earlier, the advent of novel therapies such as 

IMiDs, PIs and recently, monoclonal antibodies has trans-

formed the treatment paradigm for patients with MM.60 

Indeed, many of these novel agents (including pomalido-

mide, carfilzomib, ixazomib, daratumumab, elotuzumab 

and panobinostat) have already been granted regulatory 

approval in the relapsed/refractory setting and are routinely 

used in the clinic.

In addition to the already regulatory-approved PI, two 

new PIs are being studied in clinical trials: oprozomib and 

marizomib (Table 3). Oprozomib (PR-047; ONX 0912) is an 

orally bioavailable tripeptide PI with an epoxyketone subunit, 

which inhibits the N-terminal threonine active CT-L subunits 

of the constitutive proteasome and immunoproteasome.61 

A dose-escalation Phase 1b/2 study showed acceptable safety 

and antitumor activity. The most common grade 3 AE was 

diarrhea.62 More recently, the Phase 1b portion of another 

study with 31 patients, evaluating the safety and efficacy of 

the combination of oprozomib, pomalidomide and dexam-

ethasone in patients with RRMM showed that this combina-

tion has encouraging antimyeloma activity (ORR around 60% 

for patients in the study) and is generally well tolerated.63 

Marizomib (NPI-0052; salinosporamide A) is a PI derived 

from a marine actinomycete that irreversibly inhibits the three 

major catalytic activities of the 20S core of the ubiquitin-26S 

proteasome. This new molecule was tested in a Phase 1 study 

with 44 patients with hematologic malignancies, including 35 

patients with RRMM. The ORR, including minor responses, 

was about 10% in efficacy-evaluable RRMM. Marizomib did 

not exhibit the severe peripheral neuropathy or hematologic 

toxicity observed with other PIs.64 It is currently unclear 

whether marizomib’s drug development program will con-

tinue, given that no active studies are currently accruing for 

the treatment of RRMM.

Fortunately, abundant novel immunotherapies for 

myeloma are emerging with different mechanisms of action, 
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such as new monoclonal antibodies, anti-interleukin-6 

antibodies, checkpoint inhibitors, cytotoxic T-lympho-

cyte-associated protein 4 (CTLA-4) inhibitors, vaccines 

and chimeric antigen receptor (CAR) T-cell therapies.65 

Figure 1 and Table 3 summarize more exhaustively the 

different mechanisms of actions of these forthcoming 

therapies, and the following paragraphs illustrate selected 

recent and ongoing clinical trials of some of these promis-

ing therapies.

Isatuximab, a humanized immunoglobulin G1 anti-CD38 

monoclonal antibody, was tested for safety in a Phase I/II 

study including 96 patients with RRMM. This antibody was 

overall well tolerated and AEs were mostly related to infusion 

reactions within 24 hours of isatuximab administration.66  

A Phase Ib study of isatuximab combined with lenalidomide 

and dexamethasone in RRMM showed encouraging prelimi-

nary efficacy including sCR in 4% of patients. The ORR was 

57% for patients in the study who were heavily pretreated 

with a median of four to six lines of therapy, including 85% 

IMiD-refractory patients.67 A Phase III study of isatuximab 

with or without lenalidomide is planned.

Pembrolizumab, a programmed cell death-1 inhibitor, 

combined with lenalidomide and dexamethasone in RRMM 

was evaluated in a Phase I study for safety and preliminary 

efficacy.68 The ORR for all cohorts was 76% with a tolerable 

safety profile, making this a very promising agent for further 

development in myeloma. A Phase III study of lenalidomide/

dexamethasone with or without pembrolizumab in NDMM 

with a primary end point of PFS is currently open to accrual 

and may add to the mounting available therapies for newly 

diagnosed myeloma (NCT02579863).

Additional promising immunotherapy strategies have 

been successfully used in acute lymphoblastic leukemia and 

diffuse large B-cell lymphoma with CAR T-cells. In fact, 

CAR T-cell therapies for acute lymphoblastic leukemia and 

diffuse large B-cell lymphoma will be seeking regulatory 

approval as early as 2017. CARs are engineered molecules 

that fuse the specificity of a monoclonal antibody with 

the activation of the T-cell receptor signaling domain.65 

Data for CAR T-cell therapies in RRMM are promising. 

A CD19 CAR approach in a patient with RRMM treated 

with ASCT followed by infusion of autologous T-cells 

transduced with an anti-CD19 CAR led to a CR with no 

evidence of progression and no measurable serum or urine 

monoclonal protein, 12 months after treatment.69 Also, a 

Phase I study using CARs targeting the B-cell maturation 

antigen (BCMA) in RRMM with a median of seven lines of 

therapy showed impressive activity at the higher dose levels. 

Of 12 patients participating in this Phase I dose-escalation 

study, two patients who were treated at the highest dose 

levels had significant antimyeloma activity: one patient 

had an sCR that lasted for 19 weeks before relapse and the 

other one achieved a VGPR that was ongoing at the last 

patient’s myeloma evaluation at 25 weeks.70 Clinical trials 

to assess the best target and dose for treatment for RRMM 

are currently ongoing.

Bispecific T-cell engagers (BiTEs) are a new class of medi-

cations. They are constructed antibodies that can target tumor-

associated surface antigens and T-cell receptor-associated 

molecular CD3, which leads to activation of immune cells, 

generating target lysis. BiTEs for MM have only been studied 

in the preclinical setting.71 AMG 420 is a BiTE that targets 

Table 3 Snapshot of forthcoming therapies

Drug category Emerging drugs for myeloma

Pi Oprozomib
Marizomib

HDACi Ricolinostat
Monoclonal antibody Indatuximab ravtansine

BT062
GSK2857916
Bion 1301
MOR202
Isatuximab
BB10901

IL-6 inhibitor Siltuximab
HIV protease inhibitor Nelfinavir
Wnt inhibitor CwP291
EZH2 inhibitor GSK2816126
Radioisotope I 131 CLR1404
KSP inhibitor Filanesib
Hypomethylation of DNA Azacitidine
Hypoxia activated Evofosfamide
SiNe Selinexor, KPT-8602
virus Reolysin
CTLA-4 inhibitor Ipilimumab
BTK inhibitor Ibrutinib
AKT inhibitor Afuresertib
Checkpoint inhibitors Pembrolizumab, nivolumab
MEK inhibitor Trametinib
Bcl-2 inhibitor venetoclax
Oncolytic virus Oncolytic reovirus
CAR T-cells CTL019 cells

NKG2D
SLAMF7-CAR T-cell
TCRt

BiTE AMG 420

Abbreviations: AKT, protein kinase B; Bcl-2, B-cell lymphoma 2; BiTE, bispecific 
T-cell engager; BTK, Bruton’s tyrosine kinase; CAR, chimeric antigen receptor; 
CTLA-4, cytotoxic T-lymphocyte-associated protein 4; EZH2, enhancer of zeste 
homolog 2; HDACi, histone deacetylase inhibitor; HIV, human immunodeficiency virus; 
IL, interleukin; KSP, kinesin spindle protein; MEK, mitogen-activated protein kinase; 
PI, proteasome inhibitor; SINE, selective inhibitor of nuclear export; SLAM, signaling 
lymphocytic activation molecule; SLAMF7, self-ligand receptor of the SLAM family 
member 7; SYK, spleen tyrosine kinase; TCRt, T-cell receptor-modified T-cells.
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BCMA. Clinical trials with this agent are expected to be 

planned and to start accrual within the next 1–2 years.

Conclusion
MM is a hematologic malignancy caused by malignant plasma 

cells. Therapy for MM has significantly changed in the last 2 

years with the approval of monoclonal antibodies, HDACi 

and oral PI. Also, emergent therapies such as CAR T-cells 

and programmed cell death-1 inhibitors show encouraging 

early efficacy. Perhaps one of the most important advances 

made in MM over the past 5 years has been the approval and 

clinical use of second-generation PIs, such as carfilzomib. 

Carfilzomib was initially developed to overcome resistance 

to bortezomib and its side effects, including peripheral neu-

ropathy. The combination of carfilzomib with IMiDs showed 

in a randomized Phase III study impressive clinical outcomes, 

even in the absence of ASCT in early myeloma relapse. Based 

on the efficacy, tolerability and quality of life analysis from 

this study, the combination of carfilzomib, lenalidomide and 

dexamethasone might be considered a therapy of choice for 

patients with one to three prior lines of therapy. Also, results 

of the Phase III clinical trial comparing bortezomib or carfil-

zomib with lenalidomide and dexamethasone could render a 

new standard of care for patients with NDMM.

Patients with relapsed myeloma who had received more 

than three lines of therapy have a multitude of agents that 

can be used with good tolerability and efficacy. The choice of 

agents will depend on availability of clinical trials, eligibility 

for stem cell transplantation, previous lines of therapy, 

response to this therapy, aggressiveness of the relapse, side 

effect profile and patient comorbidities. For example, patients 

who have high-risk features, including 17p deletion, could be 

treated with combinations including pomalidomide, which 

has shown improved efficacy in this setting. It is important 

Figure 1 Depicted mechanisms of action of emerging therapies in the treatment of multiple myeloma.
Abbreviations: AG, antigene; AKT, protein kinase B; APRIL, a proliferation-inducing ligand; Bcl-2, B-cell lymphoma 2; BCMA, B-cell maturation antigen; BCR, B-cell 
receptor; BiTE, bispecific T-cell engager; BTK, Bruton’s tyrosine kinase; CAR, chimeric antigen receptor; CTLA-4, cytotoxic T-lymphocyte-associated protein 4; DM 
maytansinoid; EZH2, enhancer of zeste homolog 2; Fc, fragment crystallizable; HDAC, histone deacetylase; HDACi, histone deacetylase inhibitor; IL, interleukin; KSP, kinesin 
spindle protein; MHC, major histocompatibility complex; MEK, mitogen-activated protein kinase; NK, natural killer; PD, programmed cell death; PD-L, programmed death-
ligand; PI, proteasome inhibitor; PI3K phosphatidylinositide 3-kinases; PLE, phospholipid ethers; SINE, selective inhibitor of nuclear export; SLAM, signaling lymphocytic 
activation molecule; SLAMF7, self-ligand receptor of the SLAM family member 7; SP, kinesin spindle protein; SYK, spleen tyrosine kinase; TCR, T-cell receptor; TCRt, T-cell 
receptor-modified T-cells; XPO-1, exportin 1.
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to note that enrollment in clinical trials, when possible, 

should be made a priority so that efficacious agents can move 

forward to earlier lines of therapy and eventually benefit all 

patients with MM.

In the future, clinical trials using chemo-immunotherapy 

in NDMM with a PI, IMiD, steroid and monoclonal antibody 

may improve the current clinical outcomes. It is yet to be 

established whether such a combination may render, at least 

some myeloma patients, cured after initial treatment. Clinical 

trials clarifying the role and timing of ASCT with these new 

agents are also needed.

Given the constant development of new molecules and, in 

particular, with the development of promising immune and cell 

therapies, treatment for RRMM will continue to evolve at a fast 

pace. In this scenario, cellular immunotherapies may be a future 

frontrunner in the therapy of RRMM. More time is needed 

to compare these novel therapies in a randomized controlled 

setting to explore their efficacy to standard treatments and to 

know the exact role for use in the treatment of myeloma.
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