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Abstract
The expanding therapeutic landscape of

relapsed and/or refractory multiple myelo-
ma (RRMM) has contributed to significant
improvements in patient outcomes. These
have included combinations of proteasome
inhibitors (PIs), immunomodulatory drugs
(IMiDs), monoclonal antibodies (mAbs),
histone deacetylase inhibitors, and/or alky-
lating agents. More recently, the approval of
the first-in-class nuclear export inhibitor
selinexor and the first-in-class B-cell matu-
ration antigen (BCMA) antibody-drug con-
jugate (ADC) belantamab mafodotin has
helped address the current unmet need in
patients refractory to PI, IMiD, and anti-
CD38 mAb directed therapy, otherwise
known as triple class refractory myeloma.
With the growing number of treatment
options in the RRMM therapeutic land-
scape, the choice and sequencing of drugs
and combinations has become increasingly
complex. In this review we discuss our
approach and considerations in the treat-
ment of both early and late RRRM based on
best available data and our clinical experi-
ence. 

Introduction
Outcomes in multiple myeloma patients

have improved substantially over the last
10-15 years due to the incorporation of
immunomodulatory drugs (IMiDs), protea-
some inhibitors (PIs), and monoclonal anti-
bodies (mAbs) to standard myeloma treat-
ment regimens. In relapsed and/or refracto-
ry multiple myeloma (RRMM), a number of
treatment options exist based on random-
ized phase 3 trials that have led to the regu-
latory approval of various combinations of
PIs, IMiDs, mAbs targeting CD38 or
SLAMF7, and histone deacetylase
inhibitors. Moreover, based on recent phase
2 studies, the first-in-class nuclear export
inhibitor selinexor and the first-in-class B-

cell maturation antigen (BCMA) antibody-
drug conjugate (ADC) belantamab
mafodotin were recently approved, helping
address an unmet need in myeloma refrac-
tory to PIs, IMiDs, and anti-CD38 mAbs,
otherwise known as triple-class refractory
myeloma. With the growing number of
treatment options in the RRMM therapeutic
landscape, the choice and optimal sequenc-
ing of agents has become increasingly com-
plex. In this review we discuss our approach
and considerations in the treatment of
RRRM based on the best available data and
our clinical experience through several rep-
resentative cases. While the preferred
approach is to enroll on a clinical trial, we
will focus our discussion on drugs and reg-
imens that are currently commercially
available for use in routine clinical practice.

Case 1
A 64 year-old woman was diagnosed

with IgG kappa multiple myeloma with
lytic bone lesions and anemia (hemoglobin
8.8 g/dL) on initial presentation. Initial M-
protein was 3.6 g/dL. Fluorescence in situ
hybridization (FISH) demonstrated stan-
dard risk disease with del 13q. She was
treated with frontline therapy with borte-
zomib, lenalidomide, and dexamethasone
for four cycles, followed by high-dose mel-
phalan and autologous stem cell transplan-
tation (ASCT). Subsequently she was start-
ed on maintenance lenalidomide, achieving
a compete response (CR) to therapy.
However, 34 months after her ASCT, she
now has evidence of a new lytic lesion in
her right humerus on positron emission
tomography/computed tomography
(PET/CT) and reappearance of her M-pro-
tein at 0.8 g/dL. 

Case 1: discussion
The patient in Case 1 represents proba-

bly the most common scenario encountered
at first relapse in myeloma today given the
prevalence of maintenance lenalidomide
use in both transplant and non-transplant
patients. In this case, the patient has both
biochemical progression and clinical
relapse, warranting a change in therapy. 

In a daratumumab naïve, lenalidomide
refractory patient, incorporating anti-CD38
directed therapy in the patient’s 2nd line of
therapy would be our treatment of choice.
Several randomized trials in early RRMM
have demonstrated the benefit of combining
anti-CD38 mAbs and PIs, which would pro-
vide a class switch away from an IMiD-
based regimen in this case. Daratumumab in
combination with bortezomib and dexam-

ethasone (DVd) was the first anti-CD38
mAb and PI combination to gain regulatory
approval based on the CASTOR study
which showed an improvement in progres-
sion free survival (PFS) compared to borte-
zomib and dexamethasone (Vd).1 However,
among 18% of patients in the DVd arm who
were refractory to lenalidomide in their last
line of therapy, median PFS was only 9.3
months.2 More recently, results from ran-
domized phase 3 studies evaluating daratu-
mumab (CANDOR) or isatuximab
(IKEMA) in combination with the second
generation PI carfilzomib and dexametha-
sone (Kd) versus Kd alone have been
reported. In the CANDOR study, among the
subset of lenalidomide refractory patients,
median PFS was significantly higher in the
daratumumab-Kd arm (not-reached) versus
the Kd arm (11.1 months, hazard ratio (HR)
0.47, 95% confidence interval (CI) 0.29-
0.78).3 Likewise among patients who were
lenalidomide refractory in the IKEMA
study, a beneficial trend was seen with the
addition of isatuximab to Kd versus Kd
alone (hazard ratio 0.60, 95% confidence
interval 0.34-1.06).4 When choosing an
anti-CD38 mAb and PI combination, our
preference would be daratumumab-Kd or
isatuximab-Kd in this setting based on a
stronger PFS efficacy signal compared to
daratumumab-Vd. However, in older
patients or those with pre-existing cardiac
conditions, daratumumab-Vd should be
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considered. The use of the third generation
IMiD in combination with an anti-CD38
mAb would also be an option in this setting.
While randomized phase 3 data is awaited
from the APOLLO study (NCT03180736)
evaluating the benefit of adding daratu-
mumab to pomalidomide and dexametha-
sone (Pd) in early RRMM, two phase 2
studies have demonstrated the strong effica-
cy of this combination.5,6 In particular, the
phase 2 MM-014 study enrolled patients
with early RRMM with 1-2 lines of prior
therapy. Among 84 lenalidomide-refractory
patients, median PFS was 21.8 months, sug-
gesting that durable responses can be
attained even without a class switch away
from IMiD-based therapy in patients pro-
gressing on lenalidomide. 

Based on these data, daratumumab-Pd
is frequently utilized in our routine clinical
practice in patients progressing on lenalido-
mide. Given several strong therapeutic
options in this setting (daratumumab-Kd,
isatuximab-Kd, and daratumumab-Pd),
other important considerations include any
patient comorbidities that may affect the
tolerability of certain treatment options
based on known drug adverse event pro-
files. In addition, patient preferences on
route of administration (oral, subcutaneous,
or intravenous) and frequency of clinic vis-
its for treatment administration also
becomes an important consideration. 

Case 2
A 76 year-old man is diagnosed with

kappa light chain myeloma with anemia
(hemoglobin 8.3 g/dL) on presentation.
Myeloma FISH studies demonstrated stan-
dard risk disease. He underwent induction
therapy with bortezomib, lenalidomide, and
dexamethasone for 8 cycles achieving a CR
to therapy. Afterwards, due to personal pref-
erence, he stopped myeloma therapy and
elected observation. Approximately 15
months later, he developed asymptomatic
biochemical recurrence of disease that was
initially observed but now has clear acceler-
ation in the kinetics of disease progression
with a serum free kappa light chain level of
330 mg/L and a free light chain ratio of ratio
44.2. A repeat bone marrow biopsy shows
no high-risk FISH markers.  

Case 2: discussion
Unlike case 1, this patient is considered

to have lenalidomide sensitive disease,
despite previous exposure, given the pro-
longed period of time (>60 days) between
treatment discontinuation and disease pro-
gression. In this case, retreatment with a

lenalidomide-based regimen would be a
preferred choice. Options with regulatory
approval based on randomized phase 3 data
include elotuzumab in combination with
lenalidomide and dexamethasone (Rd,
ERd),7 ixazomib in combination with Rd
(IRd).8 carfilzomib in combination with Rd
(KRd)9 and daratumumab in combination
with Rd (DRd).10 Both ERd11 and KRd12

have demonstrated overall survival (OS)
benefit with long term follow-up when
compared to the Rd backbone alone, and it
is likely that DRd will achieve similar
results as data matures based on a median
PFS of 45.8 versus 17.5 months in the Rd
arm and strong HR ratio 0.43 (95% CI 0.35-
0.54).

Given several options in this setting,
therapeutic considerations may again
depend on patient comorbidities that may
affect the tolerability to certain drugs and
patient preferences on route of administra-
tion. If efficacy was the only consideration,
DRd would be our preferred option in case
given the fact that patient is naïve to anti-
CD38 mAb therapy and the impressive
median PFS and median PFS2 of this com-
bination that has been reported with longer
follow-up.13

Case 3
A 55 year-old man was diagnosed with

IgG kappa multiple myeloma with lytic
bone lesions on presentation. FISH demon-
strated t(11;14) and amplification of +1q21
with 4 copies of CKS1B. He was treated
with bortezomib, lenalidomide, and dexam-
ethasone for 3 cycles, followed by high-
dose melphalan and ASCT, followed by
maintenance bortezomib, lenalidomide, and
dexamethasone given his high-risk disease
in a risk-adapted maintenance approach.
His best response was a minimal residual
disease (MRD) negative CR. After 29
months on maintenance therapy, patient had
disease progression at which time he was
treated with second line daratumumab-Pd.
After 15 months on daratumumab-Pd, the
patient now again has evidence of disease
progression. 

Case 3: discussion
This patient has had 2 lines of prior

therapy and is now triple class refractory to
PIs (bortezomib), IMiDs (lenalidomide,
pomalidomide), and an anti-CD38 mAb
(daratumumab). The patient is not refracto-
ry to the second generation PI carfilzomib
and alkylating agents, and their use in com-
bination with a regimen such as carfil-
zomib, cyclophosphamide, and dexametha-

sone would be one option.14.

The presence of t(11;14) also makes the
off-label use of the Bcl-2 inhibitor veneto-
clax.a consideration. While the phase 3
BELLINI trial of venetoclax, bortezomib,
and dexamethasone versus bortezomib and
dexamethasone demonstrated a trend
towards inferior OS in the venetoclax arm,
a PFS benefit and a trend towards OS bene-
fit was retained in the subset of patients
with t(11;14).15 Preliminary safety and effi-
cacy data have also been reported with
carfilzomib, venetoclax, and dexametha-
sone with patients with t(11;14) showing
the strongest efficacy signal.16 The role of
venetoclax is still evolving in RRMM as
data continue to mature so its used should
be used judiciously in this setting and be
limited to t(11;14) patients. 

Other considerations of lower priority
would be combining the histone deacetay-
lase inhibitor panobinostat with proteasome
inhibitors. In particular, the combination of
panobinostat, bortezomib, and dexametha-
sone is approved for RRMM patients who
have received at least two prior regimens
including bortezomib and an immunomodu-
latory agent (IMiD). While the pivotal
PANORAMA 1 study that led to the regula-
tory approval of this regimen excluded
bortezomib-refractory patients,17 the phase
2 PANORAMA 2 study enrolled only borte-
zomib-refractory patients which demon-
strated an ORR 34.5%, median duration of
response 6 months, and median PFS of 5.4
months.18 Phase 1 and 2 data with the com-
bination of carfilzomib and panobinostat
have also been reported.15,19

While the patient has not been on an
elotuzumab-IMiD combination, the expect-
ed NK depletion from recent daratumumab
therapy may diminish any potential effica-
cy,20,21 given the role of NK cell-mediated
antibody-dependent cellular toxicity
(ADCC) as a major mechanism of action of
elotuzumab. Therefore, as the patient is also
IMiD refractory, we would deprioritize the
use of an elotuzumab-IMiD based combina-
tion in this setting. 

Case 4
A 67 year-old woman presents to the

clinic for discussion of treatment options
for her relapsed IgA lambda multiple
myeloma. She has had 6 lines of prior ther-
apy including high-dose melphalan and
autologous stem cell transplantation. She is
refractory to lenalidomide, pomalidomide,
bortezomib, carfilzomib, daratumumab, and
cyclophosphamide. Most recently, she has
been treated with isatuximab, pomalido-
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mide, and dexamethasone and now has pro-
gressive disease. 

Case 4: discussion
This patient is both triple class refracto-

ry and penta-refractory to all five major
drugs in myeloma treatment including
lenalidomide, pomalidomide, bortezomib,
carfilzomib and the anti-CD38 mAb daratu-
mumab (and isatuximab).
Hyperfractionated cyclophosphamide-
based cytotoxic chemotherapy regimens
such as DT-PACE,22 modified-CBAD,23 or
DCEP,24 have historically been used in this
setting but are often poorly tolerated in late
RRMM and associated with high morbidity
and mortality rates.

The recent regulatory approval of
belantamab mafodotin (belamaf), the first-
in-class BCMA antibody-drug conjugate
(ADC) and from a broader standpoint, the
first BCMA-targeted therapy, would be our
preferred consideration in this patient.
While the ORR of 31% at the approved 2.5
mg/kg belamaf dose in the DREAMM-2
study is comparable to other recent single-
agent approvals in RRMM,25-27 the depth of
response (≥ VGPR 19%) and median dura-
tion of response of 11 months were particu-
larly promising.28 A multidisciplinary team
of oncologists and eye care specialists is
needed to safely treat patients with belamaf
given its association with frequent yet
reversible corneal ocular adverse events,
which managed effectively by dose delays
and dose reductions based on ocular exam
findings and symptoms. 

The first-in-class oral nuclear export
inhibitor selinexor would also be a consid-
eration for this patient based on an ORR of
25%, median DOR of 4.4 months, and
median PFS of 4.7 months in the pivotal
STORM registration study targeting triple
class refractory myeloma patients.27

Aggressive supportive care is also impor-
tant when administrating selinexor to miti-
gate adverse events, including prophylactic
anti-nausea agents with a 5-HT3 antagonist
(e.g. ondansetron) in combination with
olanzapine and/or a neurokinin 1 (NK1)
receptor antagonist.29

Conclusions
The therapeutic landscape in RRMM is

rapidly evolving, in relation to both efficacy
and treatment tolerability, which has led to
continued improvement in the overall sur-
vival of myeloma patients over the last two
decades. With a plethora of therapeutic
options, particularly in early RRMM, the
choice of therapy should also be individual-
ized based on patient- and disease-related

factors such as previous therapies, duration
of prior responses, nature of relapse (bio-
chemical or clinical), and patient comor-
bidities in relation to known drug adverse
event profiles. In late RRMM, triple class
refractory myeloma remains a therapeutic
challenge, an area where the recent
approvals of selinexor and belamaf have
helped address. The anticipated approvals
of other novel therapeutic agents such as
BCMA-targeted chimeric antigen receptor
T-cells (CAR-T) and bispecific T-cell
engagers will bolster this area of unmet
need. While having many treatment options
is clearly advantageous, the choice and
sequencing of therapeutic options in
RRMM remains a challenge in the absence
of randomized clinical data that address
common clinical scenarios. 
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