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Abstract
The therapeutic strategy for relapsed and refractory multiple myeloma (RRMM) in-
tegrates a holistic approach regarding patient, disease, and drug-related factors. 
Patient-related factors include age, frailty status, and underlying comorbidities, especially 
cardiovascular and renal diseases and peripheral neuropathies that affect tolerability to 
multiple drug combinations or transplantations. Disease-related factors encompass 
these multiple patient-related factors, particularly the aggressiveness of the disease and 
cytogenetics. Regarding drug-related factors, the approval of novel proteasome inhibitors 
(such as carfilzomib and ixazomib), immunomodulatory agents (such as pomalidomide), 
monoclonal antibodies (such as daratumumab and elotuzumab), and new classes of 
drugs increasingly makes the choice treatment more complex and necessitates a compre-
hensive summary and an update of the efficacy and toxicities of each antimyeloma drug 
and its combinations. Further, careful monitoring of the side effects and supportive care 
throughout the course of treatment are important to achieve better outcomes for patients 
with RRMM.
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INTRODUCTION

Survival for patients with multiple myeloma (MM) has 
markedly improved owing to recent progress in treatment 
strategies [1]. Nonetheless, MM remains incurable for most 
patients, and a significant proportion of patients with MM 
experience relapses that require further treatment. The in-
troduction of next-generation immunomodulating agents 
(IMiDs), proteasome inhibitors (PIs), and monoclonal anti-
bodies (mAbs) has widened treatment options; however, 
management of patients with relapsed and refractory MM 
(RRMM) requires a systematic approach. This review sum-
marizes the published results of major clinical trials, as well 
as patient and disease-related factors, to help guide appro-
priate drug combinations and sequencing of therapy using 
currently available drugs. 

 DEFINITIONS OF RELAPSE AND 
RELAPSED/REFRACTORY DISEASE

Patients with RRMM present with three different disease 
patterns: 1) relapsed but not refractory, 2) relapsed and re-

fractory, and; 3) primary refractory RRMM. 
In 2008, the American Society of Hematology and the 

United States (US) Food and Drug Administration (FDA) 
Workshop established a uniform consensus on the definition 
of RRMM [2], and in 2016, the International Myeloma 
Working Group (IMWG) published a revised definition of 
relapsed MM [3]. 

Relapsed disease
Relapsed disease is defined as progressive disease after 

acquisition of a response to prior therapy that requires salvage 
therapy, but which does not meet the criteria for “primary 
refractory” or “relapsed and refractory” disease categories, 
based on laboratory and radiologic evidence, as follows:

Biochemical relapse 
• ≥25% increase from the lowest confirmed response 

of the monoclonal protein (M-protein) in the serum (absolute 
increase, ≥0.5 g/dL) or in the urine (absolute increase, ≥200 
mg/d)

• ≥25% increase from the lowest confirmed response 
between involved and uninvolved serum-free light chains 
(absolute increase, ＞10 mg/dL)

• ≥10% increase of the absolute percentage of bone mar-
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row (BM) plasma cells
• New soft tissue plasmacytomas or bone lesions 
• ≥50% (and ≥1 cm) increase in existing plasmacytomas 

or bone lesions, as measured serially according to the sum 
of the products of the maximal perpendicular diameters 
(SPD) of the measured lesions

Clinical relapse
• Direct indicators of increasing disease and/or end organ 

dysfunction such as hypercalcemia, renal failure, anemia, 
and bone lesion (CRAB) features related to the underlying 
clonal plasma-cell proliferative disorder 

• Serum calcium concentration＞11 mg/dL
• Serum creatinine level≥2 mg/dL (from the start of the 

therapy and attributable to myeloma)
• Decreased hemoglobin level by ≥2 g/dL (not related 

to therapy or other non-myeloma-related conditions)
• Hyperviscosity related to serum paraprotein level

Relapsed and refractory
The term “relapse and refractory” designates disease in 

patients who achieve a minor response (MR) or better, and 
who then either become non-responsive while undergoing 
salvage therapy or who progress within 60 days of the last 
therapy.

Primary refractory
The term primary refractory designates refractory disease 

in patients who have never achieved an MR with any therapy. 
These include patients who never achieve an MR or better, 
for whom there is no significant change in the M-protein 
concentration and no evidence of clinical progression. 

DIAGNOSTIC APPROACH IN RELAPSE AND 
REFRACTORY MULTIPLE MYELOMA

Several diagnostic procedures should be undertaken for 
patients with RRMM, including serum and urine protein 
electrophoresis and immunofixation, urine total protein, se-
rum-free light chain, serum beta-2-microglobulin, and serum 
lactate dehydrogenase (LDH) tests. A peripheral blood smear 
test to detect circulating plasma cells is beneficial to discrim-
inate high-risk patients. A bone marrow examination is man-
datory, particularly for patients with non-secretory MM ac-
companied with fluorescent in situ hybridization (FISH) on 
monoclonal myeloma cells, and for patients who have not 
previously been identified with high-risk cytogenetics. 
Skeletal or extramedullary plasmacytoma evaluations using 
conventional x-ray, computed tomography, magnetic reso-
nance imaging, or positron emission tomography may be 
required for patients with suspected MM [4, 5]. 

SPECIFIC CONSIDERATIONS FOR TREATMENT OF 
PATIENTS WITH RRMM 

Age and frailty
The introduction of new agents has been reported to have 

prolonged survival in elderly patients [6]. Although age itself 
is not an obstacle for treatment, very elderly and frail patients 
are prone to experiencing treatment-related adverse events, 
leading to shorter survival [7]. Various frailty assessment 
tools, including the IMWG geriatric assessment tool, have 
been developed to predict outcomes concerning frail patients 
[8]. In one Korean study, scores used to predict poor overall 
survival (OS) for frail patients involved those related to age 
(≥80 yr), the Eastern Cooperative Group performance status 
(ECOG PS) 3–4, the estimated glomerular filtration rate 
(eGFR) (＜60 mL/min/1.73 m2), and the presence of co-
morbidities (≥2 comorbidities involving the heart, lung, 
or liver, cerebrovascular disease, and/or diabetes mellitus) 
[9]. The treatment goal for elderly and frail patients may 
focus more on symptom relief and the prevention of new 
myeloma–associated symptoms. Drug dose reductions and 
the selection of less intense regimens (such as doublet instead 
of triplet combinations) could be options more applicable 
to this patient group. 

Comorbidities
Cardiac diseases (myocardial infarction, heart failure, and 

arrhythmias), renal impairment, peripheral neuropathy, dia-
betes mellitus, and thrombosis may be present at the time 
of MM diagnosis or as a consequence of previous anti-
myeloma therapies. Drugs likely to aggravate underlying 
diseases or residual toxicities that require monitoring for 
organ-specific complications are as follows: anthracyclines 
and carfilzomib (cardiotoxicities); lenalidomide and ix-
azomib, which require dose reductions for patients with 
impaired renal function; thalidomide, bortezomib, and vin-
cristine (peripheral neuropathy); corticosteroids (glucose in-
tolerance), and; IMiDs (thrombosis). 

Aggressiveness at relapse
Several parameters have been proposed as poor prognostic 

factors in RRMM. Extramedullary disease has been observed 
in approximately 14% of patients at relapse of MM and 
is usually associated with high-risk cytogenetic abnormalities 
affecting poor OS [10, 11]. An elevated LDH level [12], 
a peripheral blood plasma cell count that does not fulfill 
the criteria for plasma cell leukemia (a peripheral blood 
plasma cell count of ＞20% of the total white blood cell 
count, and an absolute count of ≥2,000/L) [13], and a 
high plasma cell proliferative index at post-autologous 
stem-cell transplantation (post-auto-SCT) D+100 [14] are in-
dicators for short survival. Several studies have recommended 
that the rapid onset of disease-related organ damage 
(hypercalcemia, renal failure, and bony complications), as 
well as the above listed factors predictive of rapid disease 
progression, be defined as “aggressive disease” that requires 
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Table 2. The efficacy of triplet and doublet combinations in patients with high-risk cytogenetics.

Regimen High risk 
cytogenetics (%) 

Median PFS (HR, P)

All high-risk del(17p) t(4;14)

POLLUX [58] DRd vs. Rd 15.4% vs. 16.6% 22.6 vs. 10.2 mo 
(HR, 0.53 P=0.921)

N/A NA

ASPIRE [21] KRd vs. Rd 12.1% vs. 13.1% 23.1 vs. 13.9 mo 
(HR, 0.70 P=0.0829)

24.5 vs. 11.1 mo 
(HR, N/A)

23.1 vs. 16.7 mo 
(HR, N/A)

ELOQUENT-2 [22, 62] ERd vs. Rd N/A N/A 21.2 vs. 14.9 mo 
(HR, 0.65)

15.8 vs. 5.5 mo 
(HR, 0.53)

TOURMALINE MM-1 [19] IRd vs. Rd 21% vs. 17% 21.4 vs. 9.7 mo 
(HR, 0.543 P=0.021)

21.4 vs. 9.7 (HR, 0.596) 18.5 vs. 12 mo 
(HR, 0.645)

CASTOR [20, 59] DVd vs. Vd 22.7% vs. 21.3% 11.2 vs. 7.2 mo 
(HR, 0.45 P=0.0053)

N/A NA

ENDEAVOR [18] Kd vs. Vd 21% vs. 24% 8.8 vs. 6.0 mo 
(HR, 0.646 P=0.025)

7.6 vs. 4.9 mo
(HR, N/A P=0.13)

10.1 vs. 6.8 mo 
(HR, N/A P=0.03)

Abbreviations: DRd, daratumumab-Rd; DVd, daratumumab-Vd; ERd, elotuzumab-Rd; HR, hazard ratio; IRd, ixazomib-Rd; Kd, carfilzomib- 
dexamethasone; KRd, carfilzomib-Rd; N/A, not available; OS, overall survival; PFS, progression-free survival; Rd, lenalidomide-low-dose 
dexamethasone; Vd, bortezomib-dexamethasone. 

Table 1. A summary of selected phase II and III clinical trials.

Study POLLUX 
[23, 58]

ASPIRE 
[33, 34]

ELOQUENT-2 
[22, 62]

TOURMALIN
E MM-1 [19]

CASTOR 
[20, 59]

ENDEAVOR 
[18]

MM-003 
[17]

GEN501 and 
SIRIUS [54]

Regimen DRd (vs. Rd) KRd (vs. Rd) ERd (vs. Rd) IRd (vs. Rd) DVd (vs. Vd) Kd (vs. Vd) Pd (vs. D) Daratumumab
N 569 792 646 722 498 929 302 148
Median prior lines (range) 1 (1–11) 2 (1–3) 2 (1–4) 1–3 2 (1–9) 2 (1–2) 5 (2–14) 5
ORR (≥VGPR, %) 92.9 (75.8) 87 (69.9) 79 (35) 72 (48) 83.8 (62.1) 77 (54) 31 (6) 31.1 (13.5)
PFS (HR, mo) N/R at 

25.4 mo 
(HR, 0.41)

26.3 
(HR, 0.69)

19.4 
(HR, 0.70)

20.6 
(HR, 0.74)

16.7 at 
19.4 mo 
(HR, 0.31)

18.7 
(HR, 0.53)

4.0 
(HR, 0.48)

4.0 

OS (HR, mo) 92.1% at 
12 mo

48.3 
(HR, 0.79)

48 (HR, 
0.78)

N/A N/A 47.6 
(HR, 0.79)

11.9 
(HR, 0.53)

20.1 

Abbreviations: D, high-dose dexamethasone; DRd, daratumumab-Rd; DVd, daratumumab-Vd; ERd, elotuzumab-Rd; HR, hazard ratio; IRd, 
ixazomib-Rd; Kd, carfilzomib-dexamethasone; KRd, carfilzomib-Rd; N, number of patients; N/A, not available; N/R, not reached; ORR, overall 
response rate; OS, overall survival; Pd, pomalidomide-dexamethasone; PFS, progression-free survival; Rd, lenalidomide-low-dose 
dexamethasone; Vd, bortezomib-dexamethasone; VGPR, very good partial response. 

treatment intervention using the most effective regimens 
[4, 5, 15].

Cytogenetics
The effect of high-risk cytogenetics defined using del(17p), 

t(4;14), and t(14;16) on the aggressive disease evolution is 
not straightforward. Different studies involving salvage lena-
lidomide-dexamethasone (Rd) have reported controversial 
outcomes regarding del(17p) and t(4;14) [16, 17]. Some of 
the currently available combination therapies, such as poma-
lidomide-dexamethasone (Pd, MM-003) [17], carfilzomib- 
dexamethasone (Kd, ENDEAVOR) [18], ixazomib-Rd (IRd, 
TOURMALINE MM-1) [19], and daratumumab-bortezomib- 
dexamethasone (Dara-Vd) (CASTOR) [20], have significantly 
improved the poor outcomes of high-risk disease. Further, 
studies on Rd with or without carfilzomib (ASPIRE) [21], 
elotuzumab (ELOQUENT-2) [22], and daratumumab 
(POLLUX) [23] have reported that these drugs improve pro-

gression-free survival (PFS) but not significantly. A summary 
of each trial concerning these high-risk cytogenetics affecting 
PFS is listed in Table. However, these results should not 
be compared directly due to the inconsistency of FISH meth-
ods and cut-offs in the different studies. Results of the major 
clinical trials in the experimental arm and in the high-risk 
cytogenetics group are summarized in Tables 1 and 2.

OPTIONS FOR ANTIMYELOMA TREATMENT IN RRMM

Treatment indications and timing of therapy
The objective of treatment in the relapse setting is to 

alleviate symptoms, prevent progressive organ damage, and 
re-attain long-lasting disease remission. Indications to ini-
tiate therapy are clinical relapse, defined according to the 
CRAB criteria, or a significant increase of biochemical relapse 
in 2 consecutive measurements within 2 months apart that 
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meets the IMWG criteria for the definition of progressive 
disease [5]. Relapses with acute onset and rapid progression 
of symptoms require a prompt initiation of treatment. 

Asymptomatic biochemical relapses could be monitored 
every 1–2 months with careful observation of symptoms. 
However, for high-risk disease features indicative of a poor 
response and a short OS, such as “aggressive disease” at re-
lapse, a treatment-free interval of ＜12 months with a sub-
optimal response to prior therapy and unfavorable risk cyto-
genetics [t(4;14), t(14;16), and del(17p)], treatment should 
be started immediately. A recent subgroup analysis of patients 
in the ENDEAVOR study, which compared the results of 
asymptomatic biochemical and symptomatic relapse in Kd 
and Vd groups, demonstrated a better median PFS and OS 
in patients who commenced treatment at the time of asymp-
tomatic biochemical relapse rather than at clinical relapse 
in both groups [24]. This result indicates that therapeutic 
intervention at biochemical relapse before (re)appearance 
of clinical symptoms might be of benefit to patients in terms 
of PFS and OS. 

Treatment options for RRMM
Retreatment: When patients with RRMM demonstrate in-

dications for treatment, changing the class of available drug 
is preferable. However, retreatment involving previously 
prescribed drugs is an acceptable option if the previous ther-
apy achieved at least a partial response (PR) and if that 
response was maintained for at least 6 months with an accept-
able toxicity profile. Prospective registry data indicate that 
bortezomib retreatment is a feasible option, with a response 
rate of 46%, including 15% complete response (CR)/nearCR 
(nCR), with a median PFS and OS from the start of retreat-
ment of 6.4 months and 17.6 months, respectively. Peripheral 
neuropathy during bortezomib retreatment occurred in 49% 
of patients, including 10% of those with grade 3/4 toxicity 
[25]. Repeated use of IMiDs is also a feasible option with 
an overall response rate (ORR) of 44%. The response rate 
of lenalidomide retreatment in previous lenalidomide res-
ponders has been reported to be 58% in one study [26]. 
Prior to retreatment, remaining toxicities due to previous 
therapy such as peripheral neuropathies should be considered. 
Reuse of previously prescribed drugs may require a less in-
tense dosage and a change to administration schedules. 

Proteasome inhibitors
Bortezomib: Bortezomib monotherapy is more effective 

in patients with RRMM than high-dose dexamethasone, with 
a better ORR (38% vs. 18%) reported in the phase III APEX 
trial [27], a better time-to-progression (TTP, 6.2 vs. 3.5 mo), 
and a 1-year OS (80% vs. 66%). Bortezomib is also active 
in patients with poor renal function with an acceptable tox-
icity profile. Peripheral neuropathy is a well-known adverse 
event of bortezomib treatment and its incidence can be re-
duced through subcutaneous administration [28]. For elderly 
patients, lower dose-intensity regimens (e.g., a weekly ad-
ministration) have been reported to improve adherence to 
therapy in this vulnerable patient group [29]. Several combi-

nation regimens with Vd have shown improved efficacies 
with manageable toxicity profiles. Pegylated liposomal dox-
orubicin with bortezomib significantly improved PFS (9.3 
vs. 6.5 mo) and duration of response (10.2 vs. 7.0 mo) com-
pared with bortezomib monotherapy in a phase III interna-
tional trial [30]. In previous autologous stem cell trans-
plantation (autoSCT) recipients, a triple combination of thali-
domide and Vd compared with thalidomide and dex-
amethasone demonstrated a significantly better PFS (19.5 
vs. 13.8 mo) and nCR/CR rate (45% vs. 21%), but also showed 
higher grade 3 and 4 neurotoxicity (MMVAR/IFM 2005-04) 
[31]. Vd has also been used as a backbone for combinations 
with new classes of drugs, such as daratumumab (Dara-Vd) 
and panobinostat (Pano-Vd). 

Carfilzomib: The intravenous second-generation PI, carfil-
zomib, irreversibly binds to the chymotrypsin-like site of 
proteasome and its major toxicities involve cardiovascular 
complications such as heart failure, hypertension, and ische-
mic heart disease. In patients with RRMM who received 
a median of 5 prior regimens, carfilzomib as a single agent 
was not superior to low-dose corticosteroids with or without 
cyclophosphamide in terms of OS and PFS, indicating that 
carfilzomib should be administered in combination with oth-
er drugs, and in the earlier lines of chemotherapy (FOCUS 
trial) [32]. In 2015, carfilzomib plus Rd (KRd) showed mark-
edly improved PFS (26.3 vs. 17.6 mo) and ORR (87% vs. 
67%) (ASPIRE trial) [33]. The final survival analysis at a 
median follow-up of 67 months showed significantly better 
OS in the KRd group (48.3 vs. 40.4 mo) [34]. The KRd 
regimen showed favorable outcomes across age subgroups 
[35]. Kd also significantly improved PFS (18.7 vs. 9.4 mo), 
OS (47.6 vs. 40 mo), and ORR (77% vs. 62%) compared 
with Vd in the ENDEAVOR trial [36]. The published results 
of a recent interim analysis of the phase III A.R.R.O.W. 
trial compared once-weekly (20 mg/m2 day 1 during cycle 
1; and 70 mg/m2 thereafter), twice-weekly [20 mg/m2 days 
1 and 2 (cycle 1); and 27 mg/m2 thereafter] doses of carfilzo-
mib [37]. Patients in the once-weekly group showed better 
outcomes for PFS (11.2 vs. 7.6 mo) and ORR (62.9% vs. 
40.8%) with similar safety profiles in both dosage arms. 
Subgroup analysis of Asian patients participating in the 
ENDEAVOR and A.R.R.O.W trials showed a comparable 
efficacy but increased (grade 3 or higher) cardiovascular 
toxicities in the carfilzomib treated group [38].

Ixazomib:  Ixazomib is an oral next-generation boron-based 
PI. In the TOURMALINE-MM1 phase III trial, the ixazomib 
plus Rd (IRd) group showed a significantly superior PFS 
(20.6 vs. 14.7 mo) and ORR (78% vs. 72%) than the Rd 
control group [19]. Notably, the efficacy of IRd was sig-
nificant in high-risk cytogenetic risk groups (HR, 0.54; 
P=0.02). The toxicity profile was comparable in both study 
groups, although an ixazomib combination regimen showed 
a slightly higher rate of skin rash and peripheral neuropathy. 
A phase II/III study involving ixazomib-dexamethasone in 
combination with pomalidomide in patients with RRMM 
is currently ongoing (NCT 03170882). Novel PIs (oprozomib 
and marizomib) as single or combination chemotherapies 
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have also shown promising efficacies in phase I studies 
[39-41].

IMiDs
Thalidomide: Thalidomide, the first approved IMiD, 

showed a response rate of 25–55% in patients with RRMM 
as a monotherapy. Using a ≥2-drug combination with dex-
amethasone, bortezomib, lenalidomide, pegylated liposomal 
doxorubicin, or alkylating agents, the ORR improved from 
63% to 90%, with a CR rate of between 2% and 36%. 
Retreatment with thalidomide among previous thalidomide 
responders has been reported to be 40% [26]. A multicenter, 
real-world data study involving 367 patients with RRMM 
treated with either a thalidomide, cyclophosphamide, and 
dexamethasone (CTD) regimen or a thalidomide, melphalan, 
and prednisolone (MTP) regimen reported an ORR of 72% 
versus 65%, respectively, which was not significantly different. 
A combination regimen such as thalidomide, alkylating 
agent, and corticosteroid (TAS) showed a median PFS and 
OS of 10.4 months and 28.0 months, respectively. However, 
10% of patients experienced severe infectious complications 
that warranted intensive supportive care during the TAS 
treatment [42]. While the use of thalidomide in the RRMM 
setting is now less frequent due to the advent of more potent 
drugs and due to its considerable side effects, such as periph-
eral neuropathy, fatigue, and venous thromboembolism, tha-
lidomide plus corticosteroid therapy with or without an alky-
lating agent could be an option in specific circumstances.

Lenalidomide: Lenalidomide is a second-generation IMiD 
with less peripheral neuropathy but greater BM toxicity than 
thalidomide. It has been proven to be active as a single 
agent in RRMM, with an ORR of 25–27% and a median 
OS of 23–27 months. From the pooled analysis of two phase 
III MM-009 and MM-010 trials after 48 months of follow-up, 
heavily pretreated patients with RRMM who received lenali-
domide 25 mg in combination with dexamethasone (Rd) 
showed a significantly better ORR (60.6% vs. 21.9%), CR 
(15.0% vs. 2.0%), TTP (13.4 vs. 4.6 mo), and OS (38.0 vs. 
31.6 mo) compared with a dexamethasone-only group [43, 44]. 
Korean real-world experience of Rd showed an ORR of 
43.6%, with 15.4% of patients showing a very good partial 
response or better, a median TTP, and an OS of 8 and 23 
months [45]. A phase II trial involving a bortezomib, lenali-
domide, and dexamethasone (VRd) regimen reported an ORR 
of 64% and a median PFS of 9.5 months in patients with 
RRMM [46]. Currently, triplet regimens using Rd in combi-
nation with carfilzomib (KRd), ixazomib (IRd), daratumumab 
(Dara-Rd), and elotuzumab (Elo-Rd) have shown better effi-
cacy in phase III trials.

Pomalidomide:  In a phase III MM-003 trial involving pa-
tients with RRMM who failed to respond to both bortezomib 
and lenalidomide, pomalidomide with low dose dex-
amethasone (Pd) proved to have superior efficacy compared 
with dexamethasone alone in terms of ORR (31% vs. 10%), 
PFS (4.0 vs. 1.9 mo), and OS (12.7 vs. 8.1 mo) [47]. The 
major side effect of Pd was myelosuppression and neu-
tropenic fever. Among the high-risk cytogenetic abnormal-

ities, del(17p) appeared to benefit from pomalidomide treat-
ment (IFM 2010-02 trial) [48]. Cyclophosphamide plus Pd 
(PCd) is an option for lenalidomide-refractory heavily pre-
treated patients with MM, with a better ORR (64.7% vs. 
38.9%) and PFS (9.5 vs. 4.4 mo) than Pd [49]. A real-world 
study conducted by the Korean Multiple Myeloma Working 
Group involving a Kd, Pd, and PCd regimen showed a better 
PFS in a PCd treated group compared with doublet combina-
tion chemotherapies in patients who had relapsed or who 
were refractory to 2 or more lines of therapies [50]. In the 
recent phase III OPTIMISSM trial, pomalidomide in combi-
nation with Vd (PVd) also demonstrated a better ORR (82.2% 
vs. 50%) and PFS (11.2 vs. 7.1 mo) than Vd, even in the 
lenalidomide-refractory subgroup [51]. 

Monoclonal antibodies
Daratumumab: Daratumumab (Dara) is an mAb-targeting 

CD38 surface antigen on MM cells. Its clinical efficacy as 
a monotherapy for patients with RRMM has been studied 
in the phase I/II GEN501 study [52] and the results have 
been confirmed in the phase II SIRIUS study [53]. A report 
on the combination of part 2 of the GEN501 and SIRIUS 
studies that included patients who had received a median 
of 5 prior lines of therapies showed an ORR of 31.1%, a 
median duration response of 7.6 months, a PFS of 4.0 months, 
and an OS of 20.1 months [54]. In the final results of the 
GEN501 and SIRIUS studies, the 3-year PFS was 19.6%, 
showing maintenance of a deep and durable response [55]. 
Approximately 50% of the patients were found to have expe-
rienced infusion-related reactions (IRR) during Dara admin-
istration, most of which occurred in the first infusion and 
were categorized as either grades 1 or 2. In a real-world 
study involving patients from Korean medical centers, the 
ORR and PFS in relation to Dara monotherapy was reported 
to be from 42.1% to 56.3% and from 2.7 to 6 months, re-
spectively, with any grade IRR from 42.9% to 87.5%, which 
were mostly manageable [56, 57].

Phase III clinical trials evaluating Dara in combination 
with a fixed duration of Vd (CASTOR) [20] and with con-
tinuous Rd (POLLUX) [23] have proven their synergistic 
efficacy compared with a comparator arm. The POLLUX 
trial reported prolonged PFS (median not reached vs. 17.5 
mo) and a better ORR (92.9% vs. 76.4%) in the Dara-Rd 
arm compared with Rd at 25.4 months follow-up. A PFS 
benefit in the Dara-Rd arm was observed across age subgroups 
and ISS stage [58]. In the 19.4 months of updated analysis 
from the CASTOR trial, 8 cycles of Dara-Vd followed by 
Dara maintenance improved PFS (16.7 vs. 7.1 mo) and ORR 
(83.8% vs. 63.2%) compared with Vd only. Dara-Vd was 
effective regardless of age, ISS stage, renal failure, and cytoge-
netic risk [59]. In the POLLUX and CASTOR trials, a sig-
nificant rate of MRD negativity was achieved across both 
high and standard cytogenetic risk patients [60]. Phase III 
studies comparing Dara (intravenous or subcutaneous)-Pd 
with Pd (APOLLO, NCT 03180736), Dara-Kd with Kd 
(CANDOR, NCT 03158688), and Dara intravenous versus 
subcutaneous administrations (COLUMBA, NCT 03277105) 
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are currently ongoing.
Elotuzumab: Elotuzumab is a mAb that targets signaling 

lymphocytic activation molecule F7 (SLAMF-7) on multiple 
myeloma cells. In a phase 1 trial, elotuzumab as a single 
agent showed little clinical efficacy [61]. However, elotuzu-
mab combined with Rd showed significantly better efficacy, 
which was confirmed in the phase III ELOQUENT-2 trial. 
Elotuzumab plus Rd showed significantly better efficacy in 
terms of ORR (79% vs. 66%) and PFS (19.4 vs. 14.9 mo). 
Moreover, a better PFS was observed regardless of age group 
and renal failure [22]. Response was maintained even at 
5-year follow-up [62]. Common adverse events were hemato-
logic toxicity and fatigue, which were similar in both treat-
ment groups, and IRR occurred in 10% of patients in the 
elotuzumab arm who were mostly categorized as either grade 
1 or 2. Phase II studies on the efficacy of elotuzumab with 
Pd or Kd are currently ongoing.

Conventional agents: Dexamethasone is used as a backbone 
for almost all the combination therapies at a weekly dose 
of 40 mg or 20 mg, or even less for elderly, fragile patients. 
Corticosteroid use (dexamethasone weekly or prednisone 
20 mg daily) can be considered for patients who have ex-
hausted all available options, with a caution to infections. 
Cyclophosphamide is often incorporated into combination 
therapy with bortezomib [63] or pomalidomide [49] and 
has recently shown efficacy with ixazomib [64]. Cyclophos-
phamide as a monotherapy or with dexamethasone can be 
administered via an oral or intravenous route, according 
to various doses and schedules. High-dose cyclophosphamide 
(600 mg/m2 for 4 days) was found to have an ORR of 43% 
in advanced refractory MM in the period when no novel 
agents were available [65]. Melphalan is an historical remedy 
for MM, and is still used as a drug for conditioning therapy 
during autoSCT and in combination with bortezomib or 
thalidomide. It could be an alternative for non-affordable 
new agents or for those who have no other therapeutic 
options. In certain circumstances such as the aggressive pro-
gression of MM, multidrug combination chemotherapy may 
be needed such as dexamethasone, cyclophosphamide, etopo-
side, and cisplatin (DCEP) [66]; thalidomide, dexamethasone, 
cisplatin, doxorubicin, cyclophosphamide, and etoposide 
(TD-PACE) [67]; or bortezomib, thalidomide, dexamethasone, 
cisplatin, doxorubicin, cyclophosphamide, and etoposide 
(VTD-PACE) [68] for rapid and effective control of the 
disease. 

Bendamustine: Bendamustine, a nitrogen mustard de-
rivative bifunctional alkylating agent, has been approved 
for use in transplant-ineligible newly diagnosed patients with 
MM who are not able to tolerate thalidomide or bortezomib 
due to severe peripheral neuropathy at presentation. 
Nowadays, its use has been reported to be more frequent 
in relapsed and refractory cases [69]. A dose-escalation trial 
involving refractory patients with MM after autoSCT re-
ported an ORR of 55% and a median PFS of 8.5 months. 
From a real-world analysis in Korea, heavily pretreated pa-
tients with MM (median prior treatment, 5) who had been 
treated with bendamustine (120 mg/m2 on days 1 and 2) 

plus prednisone showed an ORR of 35% and a median OS 
of 5.5 months [70]. Bendamustine in combination with lenali-
domide [71] and bortezomib [72] has also shown activity 
in patients with RRMM.

Other food and drug administration (FDA)-approved drugs
Panobinostat: Panobinostat, a pan-histone deacetylase in-

hibitor, in combination with Vd showed an improved PFS 
(11.99 vs. 8.08 mo) and an nCR or better rate of 27.6% 
versus 15.7% but not in terms of the ORR (60.7% vs. 54.6%) 
and OS (33.64 vs. 30.39 mo) compared with the control 
Vd arm in the phase III PANORAMA-1 study [73]. The 
major adverse events from the addition of panobinostat were 
cytopenia, diarrhea, and asthenia. Panobinostat has been 
approved by the US FDA for the treatment of patients with 
RRMM who failed to respond to bortezomib and lenalido-
mide; however, it has not been approved for use in Korea. 

Selinexor: Selinexor, a selective inhibitor of exportin 1 
(XPO1), has demonstrated its efficacy in triple-class re-
fractory (at least one PI, one IMiD, and Dara) patients with 
MM [74] and has recently been approved by the US FDA. 
In highly refractory patients who were treated with a median 
of 7 regimens, the ORR was 26% with a median PFS and 
OS of 3.7 months and 8.6 months, respectively. Due to the 
promising results from the phase II clinical trial that eval-
uated selinexor plus Vd, a phase III trial comparing Vd with 
or without selinexor is currently underway (BOSTON trial, 
NCT03110562). 

Novel therapies under investigation: There are several an-
ti-CD38 mAbs, such as isatuximab and MOR202, that are 
undergoing clinical trials. One next-generation alkylating 
agent, melflufen, is expected to have a positive result in 
the phase III confirmatory trial. Novel drugs with different 
targets, such as anti-CD138 mAb-drug conjugate (indatuximab 
ravtansine), anti-PD-1 mAb (pembrolizumab), and oral bcl-2 
inhibitor (venetoclax) are being actively examined. Novel 
treatment strategies such as bispecific T-cell engager anti-
bodies, cyclin-dependent kinase inhibitors, kinesin spindle 
protein inhibitors, oral HDAC6 inhibitors, and chimeric anti-
gen receptor (CAR) T-cell therapy are currently undergoing 
clinical investigation. 

Salvage transplantation
 A second autoSCT with high-dose therapy may be an 

option in transplant-eligible patients if sufficient stem cells 
have been collected [75]. Previous retrospective analyses 
have shown patients who relapsed ＞18-24 months after 
the first autoSCT may benefit from autoSCT after re-in-
duction therapy [76, 77]. Matched-pair analysis from the 
Korean myeloma registry has reported significantly longer 
OS (55.5 vs. 25.4 mo) for salvage autoSCT compared with 
systemic chemotherapy alone in patients who relapsed after 
upfront autoSCT [78]. A poor outcome could be predicted 
for patients who relapsed ＜18 months after their first 
autoSCT and ISS III. The only phase III German trial compar-
ing re-induction Rd followed by salvage autoSCT and main-
tenance Rd with continuous Rd did not prove the efficacy 
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Fig. 1. Proposed treatment algor-
ithm in relapsed and refractory 
multiple myeloma patients.
Abbreviations:   DRd, daratumumab- 
Rd; DVd, daratumumab-Vd; ERd, 
elotuzumab-Rd; IMiD, immunomo-
dulatory drug; IMWG, international
myeloma working group; IRd, 
ixazomib-Rd; Kd, carfilzomib- 
dexamethasone; KRd, carfilzomib- 
Rd; LDH, lactate dehydrogenase; 
M protein, monoclonal protein; PCd,
pomalidomide-cyclophosphamide, 
dexamethasone; Pd, pomalidomide,
dexamethasone; PI, proteasome 
inhibitor; Rd, lenalidomide-low-dose 
dexamethasone; Vd, bortezomib- 
dexamethasone.

of autoSCT as a salvage treatment in terms of ORR, PFS, 
and OS; however, patients with high-risk cytogenetics expe-
rienced improved survival after salvage autoSCT (HR, 2.71 
for PFS and 4.22 for OS; P＜0.001 for both) [79]. The role 
of salvage autoSCT is not clear in the era of frontline main-
tenance therapy and new drug triplet combinations in the 
RRMM setting. AlloSCT with reduced induced conditioning 
chemotherapy can be considered in young and fit patients 
who have high-risk cytogenetics. The largest outcome series, 
from European Group for Blood and Marrow Transplantation 
data, has reported a 3-year PFS of 41% and OS of 21% 
in the heterogeneous population of RRMM [80]. Recent regis-
try-based analysis comparing salvage autoSCT and alloSCT 
in patients with RRMM showed no significant advantage 
in terms of alloSCT in this setting; however, long-term survi-
vors were only observed among alloSCT recipients [81].

TREATMENT STRATEGY FOR RRMM

Although no established guideline exists for the most opti-
mal treatment of RRMM, practical treatment algorithms 

based on currently available study results and from Korean 
settings can be suggested (Fig. 1). Biochemical relapse not 
fulfilling the IMWG criteria for progressive disease may be 
followed up every 2 months, with close monitoring for the 
appearance of myeloma-related symptoms. Biochemical re-
lapse that has met the IMWG criteria and clinical relapses 
should proceed to treatment. Aggressive biology (rapid onset 
of hypercalcemia, renal insufficiency and skeletal events, 
newly appearing extramedullary plasmacytoma, doubling of 
M-protein concentration, elevated LDH levels, elevated pe-
ripheral blood plasma cell counts, and a high plasma cell 
proliferation index) may be better treated with at least triplet 
combinations of novel agents, which are able to elicit a 
rapid and deep response. Patients in deep and durable re-
sponses, such as those with a response duration of ＞24 
months to frontline therapy, from 18 to 24 months after 
autoSCT without maintenance, and from 36 to 48 months 
after autoSCT with maintenance, can be retreated with pre-
viously prescribed drugs or undergo salvage HDT with autol-
ogous stem cell support [4]. Drugs that were previously re-
fractory should be avoided. Patients refractory to bortezomib 
should receive lenalidomide-backbone triplets or doublets 
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(KRd, IRd, DRd, Elo-Rd, and Rd) or Kd, while lenalido-
mide-refractory patients should be treated with Kd or Vd 
with or without daratumumab. Double-refractory patients 
to IMiDs and PIs can benefit from pomalidomide-based dou-
blet or triplet therapies (Pd or PCd) and daratumumab 
monotherapy. 

CONCLUSION AND FUTURE PERSPECTIVES

Owing to the recent approval of new agents by the Health 
Insurance Review & Assessment (HIRA) Service in the 
Republic of Korea, the outcome concerning MM has mark-
edly improved. Real-world clinical experience using the ap-
proved drugs and their combinations in Korea have shown 
similar efficacy and toxicity profiles compared with results 
from the clinical trials. Well-organized long-term ob-
servational studies are needed to confirm the beneficial effect 
of novel agents, and efforts to develop newer treatment mo-
dalities are required to prolong survival for patients with 
MM.
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