OncoTargets and Therapy

Dove

REVIEW

Efficacy and Toxicity Profile of Carfilzomib-Based
Regimens for Treatment of Newly Diagnosed
Multiple Myeloma: A Systematic Review

Hassaan Imtiaz,' Maimoona
Khan,2 Hamid Ehsan, 3 Ahsan
Wahab,* Abdul Rafae, (° Ali Y
Khan,® Abdur Jamil,”
Muhammad Khawar Sana,
Abdullah Jamal,' Taimoor Jaffar
AIi,I Igraa Ansar,2 Muzammil M

Kha\n,9 Jack Khouri,'o Faiz

Anwer('°

'Department of Internal Medicine, King
Edward Medical University, Lahore,
Punjab, Pakistan; 2Department of
Medicine, Shifa College of Medicine,
Islamabad, Pakistan; 3Depar‘tment of
Hematology/Oncology, Levine Cancer
Institute, Atrium Health, Charlotte, NC,
USA; 4Hospital Medicine/Internal
Medicine, Baptist Medical Center South,
Montgomery, AL, USA; 5Department of
Internal Medicine, McLaren Regional
Medical Center, Flint, Ml, USA;
®Department of Internal Medicine,

St. Joseph Mercy Oakland Hospital,
Pontiac, Ml, USA; 7Department of
Internal Medicine, Central Michigan
University, Saginaw, MI, USA;
8Department of Internal Medicine, John
H. Stroger Jr. Hospital of Cook County,
Chicago, IL, USA; 9Department of
Gastroenterology, Beth Israel Deaconess
Medical Center, Boston, MA, USA;
'®Hematology, Oncology, Stem Cell
Transplantation, Multiple Myeloma
Program, Taussig Cancer Center,
Cleveland Clinic, Cleveland, OH,
44195, USA

Correspondence: Muhammad Khawar
Sana

Department of Internal Medicine, John
H. Stroger Jr. Hospital of Cook County,
Chicago, IL, USA

Email khawar_sana@yahoo.com

Abstract: Carfilzomib (CFZ) is a proteasome inhibitor currently approved for the treatment
of relapsed and refractory multiple myeloma (RRMM). Multiple trials are ongoing to
evaluate its efficacy and safety in newly diagnosed multiple myeloma (NDMM). The use
of CFZ-based two- or three-drug combination regimens as induction for the management of
NDMM is an emerging approach. CFZ-based regimens include combinations of immuno-
modulators, alkylating agents, and monoclonal antibodies along with dexamethasone. In this
review, we assess the efficacy and toxicity of CFZ-based regimens in NDMM. We reviewed
a total of 27 studies (n=4538 patients) with overall response rates (ORR) ranging between
80% and 100%. Studies evaluating the combination of CFZ with daratumumab reported an
ORR of approximately 100%. Achievement of minimal residual disease (MRD) negativ-
ity, measured by multi-parameter flow cytometry (MPFC), ranged between 60% and 95% in
4 (n=251) out of 6 studies that measured MRD-negativity. The interim results of the
ENDURANCE trial failed to show superior efficacy and progression-free survival (PFS) of
carfilzomib-lenalidomide when compared to bortezomib—lenalidomide combination, albeit
with a lower incidence of neuropathy. Hematological toxicity was the most common adverse
event observed with these regimens, and the most common non-hematological adverse
events were related to cardiovascular and electrolyte disturbances. We need to further
evaluate the role of CFZ in NDMM by conducting more Phase III trials with different
combinations.
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Introduction

Multiple myeloma (MM) is characterized by the monoclonal proliferation of
plasma cells in the bone marrow and is the second most common hematologic
There has been
a significant improvement in patient outcomes due to recent advances in therapeutic

malignancy, accounting for about 1% of all the cancers.'

regimens and a better understanding of disease pathophysiology.! However, there is
a recorded increase in the incidence of MM, which may be attributed to a rise in the
aging population in addition to better detection, among other factors.’

Recently reported data suggested that 33% of MM cases are in patients above the
age of 75, while 10% of cases are above the age of 85. Side effects associated with
treatment, especially in elderly patients, often lead to dose modifications and dose
interruptions which may attenuate the sustained response necessary for long-term
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remission and improved quality of life.* Patients with the
genetically high-risk disease such as del (17p), t(4;14), t
(14;16), t(14;20), gain 1q, or p53 mutations have shown
inferior outcomes in newly diagnosed MM (NDMM) as
well as relapsed and refractory multiple myeloma (RRMM).”
In patients with NDMM, significant improvement has
been noted in outcomes since the introduction of proteasome
inhibitors (PIs) and other immunomodulatory drugs.’
Combination regimens such as bortezomib-melphalan-
prednisone (VMP) and melphalan-prednisone-thalidomide
(MPT) are associated with significant hematological adverse
effects (AEs) and peripheral neuropathy (PN).®
Bortezomib, a first-generation PI, was first approved
for NDMM in 2003 but was noted to be associated with
significant neuropathy.* Carfilzomib (CFZ), a second-
generation PI, generates more potent anti-myeloma activ-
ity with relatively deeper and more sustained therapeutic
effects.”
binds irreversibly with proteasomes, whereas bortezomib,

CFZ with its tetrapeptide epoxyketone structure

a dipeptide boronate, offers a reversible proteasome
inhibition.? The blockage of proteasomes, large catalytic
multi-enzyme complexes, interferes with protein homeos-
tasis of myeloma cells and disrupts their protein turnover
machinery leading to their apoptotic cell death. There are
three proteolytic sites available on proteasomes that med-
iate the degradation of proteins and are named caspase-like
(C-L), chymotrypsin-like (ChT-L), and trypsin-like (7-L)
sites. Among these sites, CFZ primarily functions through
an irreversible binding to the Ch7-L site while the remain-
ing two sites are also inhibited at higher concentrations of
CFZ.” CFZ suppresses osteoclastic bone events as well as
having an anabolic effect on bones.”

CFZ was initially approved for use with dexamethasone in
patients with RRMM, who had previously been treated with at
least two prior lines of therapies including Bortezomib and an
immunomodulatory agent. Nowadays it is also being used as
a combination regimen with immunomodulators (IMiDs), dar-
atumumab, dexamethasone, or alkylating agents in patients
with RRMM.? A number of clinical trials show the clinical
efficacy of CFZ-based regimens that include ASPIRE,
ENDEAVOR, CHAMPION-1, and A.R.R.R.O.W studies.
The CHAMPTION-1 study showed an overall response rate
of 77% with once-weekly CFZ dose of 70mg/m? along with
dexamethasone. It is now being used for patients with RRMM,
even with one to three prior lines of therapy.

Given the efficacy and better-tolerated safety profile,
CFZ-based regimens are also being used in NDMM.® The
Cancer Network (NCCN)

National ~Comprehensive

recommends CFZ in combination with lenalidomide (R)
and dexamethasone as the primary therapy for both trans-
plant eligible and ineligible NDMM patients.” Whether the
addition of CFZ to other drugs can alter the overall response
(OR) among patients with high-risk cytogenetics, especially
among NDMM, needs further analysis, and multiple clinical
trials are ongoing to achieve this goal. Hereby, we discuss
the safety and efficacy of CFZ-based drug combinations as
induction regimens for the management of NDMM as an
emerging approach.

Materials and Methods

Literature Search

A comprehensive literature search was performed on 04/
20/2020 using the following resources: PubMed,
EMBASE, Wiley Cochrane Library, Scopus, Web of
Science, CINAHL, and Clinicaltrials.gov. Search filters
were not limited to any geographical area or language
other than English, if language translation was not avail-
able for foreign language articles. Studies that were pub-
lished between January 2007 and April 2020 were
included. All relevant articles from conference proceed-
ings were also included. We also searched proceedings
from the following conferences: European Hematology
Association, American Society of Hematology, American
Society of Clinical Oncology, and American Society of
Bone Marrow Transplantation.

Ellglblllty Criteria
. Phase I, II, or III clinical trials.
2. Clinical trials from January 2007 till April 2020.
3. Studies that evaluated the safety and efficacy of
CFZ.
4. Studies focusing on CFZ as a primary drug therapy.

Study Selection

Studies were reviewed by three independent reviewers
(AYK, HI, and MK) based on titles and abstracts. After
excluding irrelevant articles, potential studies were
screened by reading full texts. Conflicts among reviewers

were resolved with discussion.

Data Extraction and Analysis

Data were extracted on pre-specified Microsoft Excel
tables, which included the
author, year, study design, number of patients, median

following information:

age, MM staging and cytogenetics, follow-up duration,
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CFZ regimen, dose, the median number of cycles, and
efficacy outcomes including complete response (CR),
(nCR),
response (SCR), very good partial response (VGPR), par-

near-complete response stringent complete
tial response (PR), overall response rate (ORR), overall
survival (OS), and progression-free survival (PFS). If the
desired information was not reported in a particular study,
we documented it as “not specified (NS).” Data were

recorded as a median or percentage.

Search Results

The literature search identified a total of 2564 articles.
After excluding 84 duplicate articles, 2480 articles were
screened for relevance based on titles and abstracts. After

excluding 2301 studies, 179 studies were found to be
potentially useful in answering our study question. After
reading the full-texts of these articles, additional 152 arti-
cles were excluded for the following reasons: review arti-
cle, unrelated to CFZ, unavailable full text, duplicate
study, absent desired efficacy and safety outcomes, or
observational study. A total of 27 articles met the inclusion
criteria. The summary of the selection process of studies is
given in the PRISMA flow chart (Figure 1).

Results

Study Demographics
There are 27 studies (n= 4538 patients) included in this
review. Among the included studies, there are three-phase

_5 Records identified through database
- searching
%—ﬁ (n=2,564)
2 Duplicates
= (n=84)
Records after duplicates removed
(n=2,480)
. .
g
= l
5
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b=
@
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é §| Reviews =52
Repeated articles of
similar studies =70
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Figure | PRISMA flowchart summary of the selection process.

Note: Copyright © 2009, Public Library of Science. Adapted with permission from Moher D, Liberati A, Tetzlaff ], Altman DG, PRISMA Group. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. PLoS Med. 2009;6(7):e1000097.*¢
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III trials in which two trials compared the efficacy of
carfilzomib-melphalan-prednisone (CMP) with bortezo-
mib-melphalan-prednisone (VMP) and one trial com-
pared carfilzomib-lenalidomide-dexamethasone (CRd)
with  bortezomib-lenalidomide-dexamethasone (VRd)

(ENDURANCE ftrial).

Carfilzomib-Based Triplet Regimens
Carfilzomib-Based Regimens with
Immunomodulators

Table 1 summarizes data, baseline characteristics, and
efficacy of carfilzomib with IMiDs. Nine studies (n=527)
evaluated the role of CFZ-based regimen when combined
with IMiDs. Among these, eight studies focused on the
combination of carfilzomib (CFZ) with lenalidomide
where CFZ-based regimen were studied as consolidation
therapy in one study while the other seven studies were
about its role as induction. Only one study evaluated the
combination of CFZ and thalidomide. CRd when used as
an induction regimen showed an ORR of >90% in 5 out of
7 studies while it was not reported in the other two studies.
As a consolidation regimen, it showed an ORR of 79%.'""
'® Carfilzomib-thalidomide-dexamethasone (CTd) regimen
showed an ORR of 94%.'" A minimum of 4 cycles was
given as induction regimens with a maximum of up to 12
cycles with both thalidomide and lenalidomide.

Carfilzomib, Lenalidomide, and Dexamethasone (CRd)

Jakubowiak et al, 2012,'* conducted a phase I/II study
(n=53) for NDMM. Thirty-five patients were enrolled in
a Phase I study of CFZ in the context of CRd. The CFZ
dose was escalated gradually from 20 mg/m* (n=4),
27 mg/m® (n=13), 36 mg/m*> (n=18). The study was
extended to Phase II for further assessment of maximum
tolerated dose (MTD) of CFZ but later continued with
a dose of 36 mg/m® citing high response at the current
dose, a lack of experience with higher doses, and due to
limitations in post hoc addition of cohorts. In Phase II,
patients received eight cycles of CRd as induction fol-
lowed by 16 cycles of CRd as maintenance. Transplant-
eligible candidates received stem cell collection. Five
patients continued to receive single-agent lenalidomide
maintenance therapy after induction. After a median of
12 cycles (range, 1-25) and a median follow-up of 13
months (range, 4-25), the near CR (nCR) and sCR were
62% and 42%, respectively. VGPR was 81%, and 24-
month PFS was 92%. There was a progressive decline in
M-protein levels after each subsequent CRd treatment.

Among 29 patients who received 12+ cycles of CRd
response rates were much improved. All 29 patients
achieved at least a PR, while at least VGPR, nCR, and
sCR were 86%, 72%, and 62%, respectively. There were
a total of 76 grade (G) >3 AEs, including hypophosphate-
mia (25%), hyperglycemia (23%), anemia (21%), throm-
bocytopenia (17%), neutropenia (17%), elevated liver
function/rash (8% each), pulmonary embolism (6%),
infections/edema/thrombosis/dyspnea (4% each), fatigue/
renal problems and mood problems (2% each). A later
report of the subset of 23 elderly patients (>65 years)
involved in this trial showed that after receiving
a median of 24 cycles of CRd therapy, all these patients
achieved a PR, and VGPR, nCR, and sCR were 91%,
87%, and 65%, respectively. The 3-year PFS rate was
79.6% with an OS of 100%.

In a phase II trial conducted by Korde et al, 2015,
NDMM patients (n=45)
eligibility were administered eight cycles of CRd induc-

irrespective of transplant-

tion and later proceeded to lenalidomide maintenance for 2
years if they had stable disease. Ten patients had unfavor-
able cytogenetics including del-17p, del-13g, and immu-
noglobulin heavy chain rearrangements. Forty-two patients
completed eight cycles of CRd. Among 45 study partici-
pants, CR or sCR was achieved in 56% of patients [CI:
40-70%], nCR was achieved in 62% [CI: 46-76%] of
patients, > VGPR was achieved in 89% [CI: 76-96%] of
patients and PR was achieved in 98% of patients [CI: 88—
100%]. PFS at 18 months was 92%. At 24 months, CR/
sCR was maintained in 88% of patients, and PR was
maintained in 84% of patients. Overall, the most common
AEs were lymphopenia and electrolyte derangements. G-3
hematologic AEs were lymphopenia, anemia, and neutro-
penia in 67%, 27%, and 24% of the study participants,
respectively, whereas common G-4 AEs were lymphope-
nia and neutropenia in 9% of the study participants for
each category. Among non-hematologic AEs, common
G-3/4 AEs were electrolyte abnormalities (36%) and
infections (13%). G-3 or higher peripheral neuropathy
(PN) was not reported. Kzandjian et al 2018,'* reported
five-year follow-up results of this trial in 2018 which
showed an ORR of 98% [CI: 88-100%]. After a median
follow-up of 5.2 years, the MRD-negative CR rate was
62% [CI: 47-76%]. MRD-negative CR and longer time to
progression benefits were seen in both standard risk and
high-risk cytogenetics.

Zimmerman et al, 2016,18 conducted a phase II clinical
trial studying the CRd regimen in 76 transplant-eligible
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NDMM patients. Seventy-two patients received 4 cycles
of CRd induction, following which 71 patients underwent
autologous stem cell tranplantation (ASCT), 66 patients
had 4 cycles of CRd consolidation and 44 patients under-
went additional 10 cycles of CRd maintenance. Response
data were available for 73 patients. VGPR, CR, and sCR at
the end of the 8™ cycle were 96%, 73%, and 69%, respec-
tively. Two-year PFS with a median follow-up of 17.5
months was 97%, and 2-yr OS was 99% for all 76 patients.
The most common grade 1/2 AEs were thrombocytopenia
(57%) and PN (39%). The most commonly reported G-3/4
AEs were lymphopenia (28%), neutropenia (18%), and
infections (8%).

In the IFM phase II clinical trial, Roussel et al, 2016,"
studied the role of CRd with ASCT in 46 NDMM patients.
Forty-three patients (21% with high-risk cytogenetics such
as 17p deletion and/or t(4,14)) completed four cycles of
CRd induction, 42 patients underwent ASCT following
which 41 patients received four cycles of CRd consolida-
tion. Twenty-seven patients received 1-yr lenalidomide
maintenance. Data of 42 patients were accessible for eva-
luation showing ORR was 97.5%, VGPR 23.5%, CR 69%,
and sCR of 64%. Median PFS was not reached in this trial
and four patients discontinued treatment due to AEs.
Cardiovascular AEs were 43.6%, whereas 26% were
infections. The most common G > 3 AEs were hematolo-
gic toxicities and infections, accounting for more than
10%. G-3 or higher PN was not recorded.

Jakubowiak et al, 2017' evaluated minimal residual
disease (MRD) negativity and PFS in 76 transplant-
eligible NDMM patients (36% patients with high-risk
cytogenetics) treated with CRd followed by ASCT.
Seventy-four patients completed four cycles of CRd induc-
tion, 72 underwent ASCT, and 70 completed four cycles of
consolidation. Sixty-four patients further underwent 10
cycles of CRd maintenance. Efficacy of CRd was available
for 76 patients with >VGPR of 91%, >CR of 78%, and
sCR of 75%.
generation sequencing (NGS) when combined with at
least one CR was 67% (n=36) and 78% (n=32), respec-
tively, by the end of the 8" cycle and 18" cycle of CRd
whereas when measured by multiparameter flow cytome-
try (MFC) was 95% (n=37) and 96% (n=27), respectively.
MRD negativity when achieved remained sustained in
91% and 96% patients as measured by NGS and MFC,
respectively. Three-year PFS and OS were higher for those
who achieved sustained MRD negativity (n=18) at 18"
cycle versus whole group (n=76), ie, 94% PFS for those

MRD negativity measured by next-

with sustained MRD negative state vs 86% for all patients
and 100% OS for sustained MRD-negative patients versus
93% for all patients. Among 27 patients with high-risk
cytogenetics, the 3-Yr PFS and OS were 81% and 87%,
respectively.

Korde et al, 2017"° conducted a phase I/II trial in
which 29 patients with NDMM were enrolled including
18 patients in phase I and 11 patients in Phase II. Patients
were administered a maximum of 12 cycles of CRd induc-
tion. CFZ was administered in two dosing escalation
cohorts as 45 mg/m? and 56 mg/m?. After completing six
cycles, transplant-eligible patients underwent ASCT. The
median age was 61. For the 15 evaluable patients,
a median of 11 cycles was administered with 60% of
participants achieving CR with MRD negativity and 40%
achieving VGPR. The reported G-3 hematologic AEs
included lymphopenia, anemia, and neutropenia in 41%,
3%, and 3% of the study population (n=29), respectively.
The common G > 3 non-hematologic events were rash
(21%) and electrolyte abnormalities (17%).

Alsina et al, 2019'° reported the interim results of
a phase Ib clinical trial. Fifty-one NDMM patients were
enrolled irrespective of transplant eligibility. The patients
(n=33) in the dose-expansion arm of this trial received
56 mg/m” of CFZ as part of the weekly CRd. By the 4™
cycle of CRd, the ORR in this population was 97%,
>VGPR was 69.7%, and CR was 3%. Nineteen patients
received ASCT in this study and their ORR was 92.9%.
The safety profile showed a 60.6% incidence of G > 3
treatment-emergent AEs (TEAEs). The most common AEs
were anemia (12.1%), hyponatremia (12.1%), and elevated
ALT (9.1%).

In a prospective trial, Gavriatopoulou et al, 2020,
evaluated the role of CRd as consolidation among 40
NDMM patients (median age, 56 years) with at least PR
and less than MRD negative state after ASCT. These
patients were given four cycles of CRd as consolidation
followed by lenalidomide maintenance until progression.
After CRd consolidation, the response quality improved in
81% of patients (total evaluable patients=37). The study
showed an improvement in sCR from 2.6% (following
ASCT) to 75.7% following CRd consolidation. Almost
67% achieved (n=25) an MRD-negative state after CRd
treatment. Eighteen percent of patients had G > 3 toxicity,
but individual percentages were not reported.

Carfilzomib, Thalidomide, and Dexamethasone (CTd)
Carthadex trial,]g a multicenter phase II trial, evaluated the
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role of CTd as induction and consolidation in 111 trans-
plant-eligible NDMM (high-risk cytogenetics 39%, n=43)
patients (median age: 58, range 29-66) This was a dose-
escalation trial of CTd with doses of CFZ ranging from
20 mg/m? to 56 mg/m’. After completing four cycles of
CTd induction, the ORR was 93% (n=103) and CR 18%
(n=20), whereas > VGPR was 65% [CI: 55-74%]. VGPR
rate increased to 86% after CTd consolidation, whereas
ORR increased to 94% (n=104). CR increased from 18%
(following CTd induction) to 63% (n=70) (following CTd
consolidation). G > 3 hematologic AEs occurred in 10% of
patients only while the most common hematologic AEs
were respiratory disorders (8%) and skin disorders/vascu-
lar disorders (9% each).

Carfilzomib-Based Regimen with Alkylating Agents
There are a total of eight studies (n=580) with data on CFZ
in combination with alkylating agents, ie, cyclophospha-
mide (Cy) or melphalan (M). Table 2 summarizes the
characteristics and efficacy of carfilzomib with alkylating
agents, daratumumab, quadruplet regimens, and other pro-
teasome inhibitors. There are two studies in which CFZ
combination with melphalan was evaluated while six stu-
dies used a combination of CFZ with cyclophosphamide.
ORR among these studies ranged from 85% to 100%
except for one study in which CFZ was used in a dose-
escalation manner, showing an ORR of 66% with the dose
of 36 mg/m?. The total number of cycles ranged from 4 to
9 cycles.

Carfilzomib, Cyclophosphamide, and Dexamethasone
(CCyd)

Bringhen et al, 2014, conducted a phase II trial in 58
patients (35% with unfavorable cytogenetics) with symp-
tomatic NDDM who were 65 years old or above and were
ineligible for ASCT. Authors used the -carfilzomib-
cyclophosphamide-dexamethasone (CCyd) regimen as
induction for nine 28-day cycles followed by maintenance
with 36 mg/m* CFZ on day 1, 2, 15, and 16 of the 4-week
cycle until progression or intolerance. Overall, 25 patients
were evaluable at the end of nine induction cycles.
Following induction, VGPR and PR were 76% and 96%,
respectively, whereas nCR and sCR were 64% and 24%,
respectively. One-yr PFS and OS rates were 76% and
87%. Twenty-five patients were evaluable for CFZ main-
tenance and after 6 months (median) of maintenance, the
PR was 100%, whereas CR/nCR was 68%. Response rates
were generally similar across patient subgroups according

to age, ISS stage, and chromosomal profile. Anemia,
thrombocytopenia, and neutropenia were common hema-
tological toxicities. Infectious events were 18%, and PN
was experienced by 9% of patients and was mostly of
G-1-2. Larocca et al, 2018, updated the results after
a 5-yr follow-up, which showed > PR, > VGPR, and >
CR 0of 95%, 69%, and 51% at the end of induction. Among
51% of the patients who achieved CR, 16% achieved sCR.
After CFZ maintenance, > PR, > VGPR, and nCR/CR
rates were 100%, 84%, and 60%, respectively.

Bensinger et al, 2014,22 evaluated the optimal dose,
safety, and efficacy of CCyd induction (46 cycles) before
ASCT in transplant-eligible NDMM patients in a phase Ib,
open-label trial. Twenty-eight patients (high-risk cytoge-
netics, n=16) received a 3+3 dose-escalation schedule with
cohorts of CFZ 36 mg/m?, 45 mg/m?, and 56 mg/m? in
combination with oral cyclophosphamide and dexametha-
sone. Among 23 evaluable patients, > PR rate was 91%.
Among 12 evaluable patients with high-risk cytogenetics,
> PR rate was 92%, ORR was 87%, and > VGPR 48%
after 4-6 cycles. Among dose cohorts, 56 mg/m* dose was
associated with G-3 dyspnea in 1% cycle. Fatigue (23%)
and thrombocytopenia (31%) occurred in more than 20%
of patients.

In the CHAMPION-2 study,** a Phase 1b trial evaluated
three dose levels of CFZ (36, 45, and 56 mg/m?) in a dose-
escalation manner followed by dose expansion along with
fixed dosed cyclophosphamide and dexamethasone in 22
NDMM patients regardless of transplant eligibility. Eight
cycles of 28 days were planned. Dose-limiting toxicities
were not seen with any of the three doses of CFZ. Among
patients (n=16, 6.3% high-risk cytogenetics) who received
the maximum dose of 56 mg/m? ORR was 87.5% (CI:
61.7-98.4%) whereas VGPR, PR, and CR were 43.8%,
37.5%, and 6.3%, respectively. ORR was 66% (CI: 9.4—
99.2) and 100% (CI: 29.2—-100.0) for drug cohorts of 36 mg/
m? (n=3) and 45 mg/m* (n=3), respectively. PFS was not
assessed in this trial. Common AEs irrespective of grade
and drug dose cohorts were nausea (72.7%), vomiting
(40.9%), diarrhea (40.9%), and anemia (40.9%). Anemia
(22.7%) and neutropenia (13.6%) were more frequent G-3
or higher AEs.

Bringhen et al, 2018,** conducted a phase I/II study in
63 patients with NDMM, who were aged >65 years or
ineligible for ASCT. Weekly, CCyd induction was given
for nine cycles (28-day) followed by CFZ maintenance
(70g/m* on day 1 and day 15 of the 4-week cycle) until
progression. Twelve patients were enrolled in phase I (3:3
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dose-escalation design) and 51 patients in phase II
However, a total of 54 patients were treated at the recom-
mended phase II dose of 70 mg/m? and were studied for
efficacy and response. In the 54 response evaluable
patients, > PR and > nCR were 93% and 44%, respec-
tively, following nine cycles of induction. After mainte-
nance, > PR rates, and > nCR and were 98% and 54%,
respectively. Overall response rates for > PR, > VGPR,
and > nCR were 85%, 66%, and 30%. After a median
follow-up of 19.7 months, the 2-yr PFS and OS rates were
53.2% and 81%, respectively. The common toxicities irre-
spective of grade during the induction phase were anemia
(39%) being the most common followed by thrombocyto-
penia (33%), neutropenia (31%), and infections (13%). No
PN was recorded.

In a phase II study of 30 high-risk MM, transplant-
eligible patients, Chen et al, 2018,%° used CCyd induction.
Patients then received HDM/ASCT and two consolidation
cycles of CCyd. MRD analysis was done if patients had at
least VGPR and subjects who achieved MRD-negativity
were managed expectantly, whereas patients who were
MRD-positive received maintenance with CFZ for 2
years or until progression. The interim post-induction
(n=30) results showed ORR, > CR rate, and > VGPR
rate of 86.7%, 33.3%, and 63.3%, respectively. Post-
ASCT (n=25), ORR, > CR, and > VGPR was 84%, 44%,
and 72%, while post-consolidation (n=21) ORR, > CR,
and > VGPR was 81%, 57.1%, and 71.4%, respectively.
With a median follow-up of 19.8 months, the median PFS
was 28.4 months. G > 3 hematologic TEAEs were about
30% (n=9) including anemia and neutropenia (16.7%
each) and thrombocytopenia (13.3%). Other common
TEAEs were respiratory infections (23.3%), acute kidney
injury (13.3%), and diarrhea (10%).

The phase II Cardamon study®® used CCyd as induc-
tion in transplant-eligible patients and then randomized
them to either ASCT or CCyd consolidation followed by
CFZ maintenance. Among 281 enrolled patients, 252
patients were available for the primary outcome, ie, >
VGPR after CCyd induction. At the end of induction or
after harvesting stem cells, ORR was 87.6% and > VGPR
59.2%. ORR (87.9% versus 88.1% for high-risk and stan-
dard-risk, respectively) and > VGPR rate (53.4% vs 61.9%
for high-risk vs standard-risk, respectively) were similar in
high-risk or standard-risk individuals. Serious AEs due to
induction occurred in 28.6% (72/252) of patients, notably
G-3 cardiac ischemia, hypertension, renal dysfunction,
thromboembolism, and infections.

Carfilzomib, Melphalan, and Prednisone (CMP)

IFM 2012-03, a phase I trial by Leleu et al, 20197 studied
the role of weekly CMP in 30 transplant-ineligible elderly
NDMM patients (median age=73 years; high-risk cytoge-
netics, n=3) and determined the MTD of CFZ. Patients
underwent nine 35-day cycles of CMP induction with CFZ
given in four intravenous dosing cohorts [36 mg/m? (n=6),
45 mg/m2 (n=6), 56 mg/m2 (n=6), and 70 mg/m2 (n=12)]
followed by CFZ maintenance for 1 year (36 mg/m? every
2 weeks). The median time to best response was 3 months.
ORR rate was 93% (n=28) with >CR 46.6% (n=14) and
VGPR 70% (n=21). MTD of CFZ was 70 mg/m” whereas
for patients older than 75 this threshold was 56 mg/m”.
During induction, seven patients stopped therapy (six due
to toxicity and one personal decision), whereas five
patients stopped treatment during maintenance. Common
causes of CFZ interruption were related to cardiovascular
toxicity including heart failure and myocardial infarctions.
Lymphopenia (36.7%), neutropenia (30%), thrombocyto-
penia (23.3%), and anemia (16.7%) were among the most
common G >3 AEs.

In another phase I/II dose-escalation trial, 68 NDMM
patients aged above 65 (median age, 72 years) were
enrolled.”®

In phase I (n=24), CMP with CFZ was administered at
doses of 20 mg/m?, 27 mg/m?, 36 mg/m?, and 45 mg/m? to
determine MTD (36 rng/rnz). In phase II (n=44), CFZ
36 mg/m*> was administered for nine induction cycles.
The median time to response was 1.5 months. In 50
evaluable patients, ORR was 90% (n=45), CR 12%
(n=6), VGPR 46% (n=23), and PR of 32% (n=16). The
most common G > 3 AEs were neutropenia (38%, CI:
26.7-50.8%), anemia (35%, CI: 24.1-47.8%), thrombocy-
topenia (28%, CI: 17.7-40.1%), and infections (7%, CI:
2.4-16.3%).

Carfilzomib-Based Quadruplet Regimens
There are two studies in this group where a quadruplet
regimen in combination with CFZ to treat NDMM was
studied. A total of 1119 patients were enrolled in these two
studies. One study combined cyclophosphamide with CTd
regimen. The second study compared the efficacy of car-
filzomib-cyclophosphamide-lenalidomide-dexamethasone
(CCyRd) versus CTd/CRd regimen. Four trials evaluated
the combination of CFZ with other drugs, one of them
being a monoclonal antibody such as daratumumab and
isatuximab.
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Carfilzomib, Cyclophosphamide, Thalidomide, and
Dexamethasone (CYKLONE)

Mikhael et al, 2015,%° conducted a phase Ib/II trial evalu-
ating CYKLONE (carfilzomib, cyclophosphamide, thali-
domide, and dexamethasone) induction regimen in 64
NDMM transplant-eligible patients (median age= 62.5
years, high-risk, n=6). All patients received four induction
cycles followed by SCT in 34 patients. Investigators con-
tinued on treatment for up to eight more cycles for patients
who had stable disease or better. In phase I, there were
four drug cohorts including 15/20 mg/m? (n=3), 20/27 mg/
m? (n=25), 20/36 mg/m* (n=29), and 20/45 mg/m* (n=7).
ORR was 91% (n=44) with >VGPR 51% (n=39). PFS at
l-year and 2-year were 85% and 76%, respectively,
OS both at 96%.
Hematological AEs of any grade were neutropenia
(55%), thrombocytopenia (47%), anemia (44%), and lym-
phopenia (42%). Common non-hematologic AEs were

whereas l-yr and 2-yr was

fatigue (80%), constipation (53%) and hyperglycemia
(39%). Peripheral neuropathy (31%) was predominantly
related to thalidomide and all events were grade 1.

Carfilzomib, Cyclophosphamide, Lenalidomide, and
Dexamethasone (CCyRd)

The NCRI myeloma XI phase III trial’® compared carfil-
(carfilzomib-
cyclophosphamide-lenalidomide-dexamethasone, CCyRd)

zomib-based  quadruplet  induction
with response-adapted triplet inductions such as cyclopho-
sphamide-thalidomide-dexamethasone/cyclophosphamide-
lenalidomide-dexamethasone prior to ASCT in 1055
patients. CCyRd was associated with a longer PFS than
triplet regimens, 3-yr PFS 64.5% versus 50.3% [HR: 0.63,
CI: 0.51-0.76], respectively. Patients were randomized 3
months post-ASCT to receive lenalidomide maintenance
or observation. A higher proportion of patients who
received quadruplet induction underwent ASCT versus
those who received triplet regimens. There was no hetero-
geneity in terms of PFS in high-risk versus standard-risk
patients. Despite the quadruplet regimen, patients showed
no significant toxicity.

Carfilzomib-Based Regimen with Monoclonal
Antibodies (Daratumumab, Isatuximab)

Four trials tested the efficacy of CFZ in combination with
monoclonal antibodies and showed promising results.
These included trials a total study population of 1314
patients. The number of induction cycles in trials by
Costa et al, Chari et al, and Weisel et al were 4, 13, and
6, respectively. CFZ was given in a dose-escalated fashion

in the last two trials. Landgren et al. assessed the MRD
negativity while Weisel et al. reported results for safety
profile.

MMY 1001 phase Ib trial by Chari et al, 2017°" evaluated
the safety and efficacy of Dara-CRd in 22 NDMM patients
(median age= 59.5 years) irrespective of transplant candi-
dacy. Dara-CRd regimen was administered up to a maximum
of 13 cycles. The dose of CFZ was increased from 20 mg/m>
to 70 mg/m® in progressing cycles. Among 21 evaluable
patients, the ORR was 100%. Other outcome measures
were sCR=43%, CR (excluding sCR)=14%, VGPR=33%,
and PR=10%. The most common G-3/4 AEs included lym-
phopenia (64%), neutropenia (18%), diarrhea (18%), and
pulmonary embolism (14%).

Landgren et al, 2019,** conducted a phase II trial to
test two different Dara-CRd regimens/cohorts in NDMM
and their roles in the achievement of MRD-negativity. The
plan was to enroll 82 patients in this trial with 41 in each
cohort. Cohort-1 received a weekly dose of 56 mg/m?* CFZ
augmented with lenalidomide, dexamethasone, and dara-
tumumab. Cohort-2 patients received a biweekly 30 mg/
m? of CFZ with the same regimen of all other drugs as in
cohort-1. In the interim analysis, only cohort-1 patients
were included. The median number of cycles delivered in
cohort-1 was six. Out of 18 evaluable patients, 15 patients
were MRD-negative (MRD negative rate= 83%). The
toxicity profile was not a part of the interim analysis.

Weisel et al, 2019, reported the results of a safety
run-in cohort (n=10) for the four-drug regimen (isatuxi-
mab-carfilzomib-lenalidomide-dexamethasone, I-CRd) in
patients with high-risk NDMM in the GMMG-
CONCEPT trial. This trial plans to enroll 153 patients
who would receive I-CRd (6 cycles) as induction followed
by HDM and [-CRd consolidation (4 cycles) and I-CR
maintenance. This safety run-in trial aimed to report dose-
limiting toxicity after two cycles of I-CRd induction. All
patients had at least one TEAE (total events, 49) during
the run-in phase. Main G > 3 toxicities were hematologic
in nature with neutropenia being the most common (n=6).
Non-hematologic G-3 AE was cerebrovascular disorders
(n=2). Nine out of 10 patients received six induction
cycles and all 10 patients achieved >VGPR.

Costa et al, 2020,>* performed a phase II trial among 81
transplant-eligible NDMM patients (median age= 61 years).
Patients received four cycles of daratumumab combined with
carfilzomib-lenalidomide-dexamethasone (Dara-CRd) as
induction. After ASCT, patients were given Dara-CRd as
consolidation. The number of cycles was tailored by MRD
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status. The maximum number of consolidation cycles was
eight and patients without a confirmed MRD-negative status
after that were started on lenalidomide maintenance. Results
were reported at different points in this trial. After two cycles
of induction (n=81), 67% and 33% of patients achieved
VGPR and PR, respectively. After four cycles of induction
(n=72), nCR, CR, VGPR, and PR were 39%, 3%, 8%, and
10%, respectively. MRD-negativity assessed in this trial was
40% at post-induction, 73% post-ASCT, and 82% at MRD-
guided consolidation, respectively. The common G >3 AEs
were neutropenia (25%), lymphopenia (23%), and infec-
tions (12%).

Carfilzomib vs Other Proteasome
Inhibitors

Bortezomib-based regimens are used as a treatment for
NDMM and have shown good efficacy. CFZ is being studied
for the treatment of NDMM. Herein, we describe two clin-
ical trials including the long-awaited ENSURANCE trial
that compared the efficacy of bortezomib against carfilzo-
mib-based regimens. A total of 2042 patients were enrolled
in both studies. One study compared CMP against VMP
showing an ORR of 84% vs 79%, respectively.

Carfilzomib-Melphalan-Prednisone (CMP) vs
Bortezomib-Melphalan-Prednisone (VMP)

Facon et al, 2019*° conducted a phase III CLARION trial in
955 transplant-ineligible patients (median age=72 years),
comparing CMP (n=478, high-risk 11.3%) with VMP
(m=477,  high-risk 14%)
prednisone). CMP cohort received CFZ 20 mg/m’ on
C1D1, C1D2, and 36 mg/m2 thereafter, whereas the VMP
cohort received bortezomib 1.3 mg/m? with melphalan and

(Bortezomib-melphalan-

prednisone being the same in both of the cohorts. CMP
cohort had a median PFS of 22.3 months versus 22.1 months
in VMP (HR: 0.906, CI: 0.746—1.101). OS was not reached
in either of the cohorts, HR: 1.08, CI: 0.82—-1.43. ORR for
CMP cohort was 84.3% (CI: 80.7-87.5%) vs 78.8% (CI:
74.9-82.4%) for VMP cohort. CR rate was also higher for
CMP versus VMP, ie, 23.2% versus 21%, respectively. Odds
of > PR achievement were increased up to 41% in CMP
versus VMP, OR: 1.41, CI: 1.01-1.97. MRD-negative rates
were not different in either of the cohorts. The most common
G >3 AEs were neutropenia (22.6% for CMP vs 29.4% for
VMP), thrombocytopenia (22.6% for CMP vs 29.4% for
VMP) and anemia (16.9% for CMP vs 13.6% for VMP).

Carfilzomib-Lenalidomide-Dexamethasone (CRd) vs
Bortezomib-Lenalidomide-Dexamethasone (VRd)

In the ENDURANCE phase III trial, Kumar et al, 2020,
compared the efficacy of CRd (n=545) versus VRd (n=542)
among 1087 patients. The patients were administered with
bortezomib of 1.3 mg/m® dose in VRd arm with the
3-weekly cycle for 12 cycles while CFZ of 36 mg/m* dose
in CRd arm with 4-weekly cycles for 9 cycles. Both arms
received maintenance of lenalidomide. Median PFS (34.6
months for CRd versus 34.4 months for VRd) was the same
in both arms, HR: 1.04, CI: 0.8 to 1.3. High-risk patients
were excluded in the ENDURANCE trial. The 3-yr OS was
also similar with CRd OS of 86% versus 84% in VRd.

Carfilzomib with Dexamethasone

Carfilzomib, Clarithromycin, Lenalidomide, and
Dexamethasone (Car-BiRD)

In this single-arm phase II trial reported by Forsberg et al,
2019,%7 72 NDMM patients (high-risk cytogenetics, n=9
(27%)) with a median age of 59 years were given CFZ-
dexamethasone (Cd) induction. CFZ delivered in two dos-
ing cohorts, Cd1 20/45 mg/m* (n=25) and Cd2 20/56 mg/
m® (n=47). This was followed by ASCT in eligible
patients and BiRD consolidation (Clarithromycin, lenali-
domide, and dexamethasone). The median time to best
response was three cycles. Cdl and Cd2 induction cohorts
had ORR 84% versus 93%, CR 12% versus 14%, VGPR
48% versus 64%, and PR 24% versus 26%, respectively.
The most common G > 3 AEs were hypertension (7%),
lymphopenia (6%), and lung infection (6%). Table 3 sum-
marizes the toxicity of CFZ containing regiments in the
trials of NDMM so far.

Discussion
CFZ-based combination regimens have demonstrated
favorable efficacy and a toxicity profile in patients with
NDMM. We analyzed data from 27 clinical trials. The
most commonly studied therapeutic regimen was CRd
with an ORR ranging from 79% to 100%. The four-drug
combination regimens CCyRd and CYKLONE yielded
results comparable to those of three-drug regimens.
However, the combination of the monoclonal antibody,
daratumumab, with CRd generated deep and durable
responses, including high MRD-negativity and an ORR
of 100% without additional toxicity.

Various dosing and scheduling of CFZ in patients with
NDMM were studied, including a once-weekly dose of

70 mg/m* of CFZ and twice-weekly doses of 36 mg/m?>3®
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Data pooled from two phase I/Il studies (n=121), namely
Bringhen et al,”*** 2014 (n=58) and Bringhen et al, 2017
(n=63), included transplant-ineligible NDMM patients who
received 9 induction cycles of CCyd, followed by CFZ
maintenance. The study found no significant difference in
3-yr PFS (47% versus 51% P=0.92) and OS (72% versus
73%; P=0.71) between the once-weekly 70 mg/m? dose and
twice-weekly dose of 36 mg/m>. The rates of G > 3 hema-
tologic (24% versus 30%; P=0.82) and non-hematologic
(38% versus 41%; P=0.83) AEs were also similar among
the two groups. Another important finding was that the rate
of CVAEs (cardiovascular AEs) did not increase with the
higher, once-weekly dose of 70 mg/m’. The phase III
ARROW trial,>® which compared twice-weekly CFZ at
a dose of 27 mg/m? versus once-weekly CFZ at 70 mg/m*
in RRMM patients, demonstrated slightly different results.
The median PFS was found to be longer with a once-
weekly dose than with a twice-weekly dose (11.2 months
[CI: 8.6-13.0] versus 7.6 months [5.8-9.2, CI: 0.54-0.83;
p=0.0029]), without any additional toxicity. Studies have
compared the efficacy and tolerability of various CFZ
doses, but the CARTHADEX trial did not show an
improvement in efficacy in terms of CR rates beyond the
20/36 mg/m* dose of CFZ. It is interesting to note that the
rate of CVAEs remained consistent and was generally low
(all grades=12%, G >3: 5%), however, the rate of infec-
tions, particularly pneumonia, gradually increased with
higher doses. A post hoc analysis was conducted, which
studied data from the ENDEAVOR, ARROW, and
CHAMPION-1 trials to compare the efficacy and safety
profile of a once-weekly dose of 70 mg/m® CFZ to the
twice-weekly dose of 56 mg/m® in patients with
RRMM.*’ This cross-trial comparison showed no signifi-
cant difference in the PFS (P=0.47) and ORR (odds ratio:
1.12; CI: 0.74-1.69; P=0.61) among the two groups. In
addition, G > 3 AEs were observed more frequently in the
twice-weekly 56 mg/m”> group compared to the once-
weekly 70 mg/m? group.

The
dexamethasone (CRd) was the most widely evaluated

combination of  carfilzomib-lenalidomide-
and most efficacious among the triplet regimens, with
ORR ranging from 79% to 100% and CR ranging from
50% to 63%. The four-drug regimens containing the anti-
body daratumumab with CRd demonstrated results super-
ior to the triplet regimens, with ORR reaching up to 100%.
Data by Landgren et al study** were particularly impress-
ive as it resulted in MRD negativity of 80%, regardless of
HDCT and ASCT use. The results from the Car-BiRD and

CYCLONE trials showed similar efficacy compared with
the triplet regimens. The ongoing MASTERS trial** is
studying the four-drug regimen of daratumumab with
CRd as induction therapy as well as post-transplant con-
solidation therapy in NDMM patients. This study will use
MRD not only as
determine the intensity and duration of post-transplant

a primary endpoint but also
Dara-CRd consolidation required in each patient. This
patient-centered approach can be clinically useful as it
will spare MRD-negative patients from the burden of
continuous therapy and the development of potential toxi-
cities. The results from this trial are very encouraging with
VGPR of 90% post-induction and sCR reaching up to 95%
following MRD-based consolidation. The rates of MRD-
negative remission (107°) were 82% post-MRD directed
consolidation and MRD (10°°) were 63%. The common
G >3 AEs of therapy were hematological (neutropenia:
25%, 23%) MRD-negative
patients who have discontinued therapy will have close

lymphopenia: in nature.
follow-up to assess for any resurgence of MRD-positive
disease. The MRD negativity values observed in the
MASTERS trial are higher compared to those achieved
in the GRIFFIN trial,"' whereby a head-to-head compar-
ison was made between VRD and Dara-VRD regimens in
NDMM patients. By the end of post-AST consolidation,
sCR was found to be 42.4% in the D-VRD group and 32%
in the VRD group. MRD negativity (107°) was 47.1% with
D-VRD and 16.5% with VRD by the end of consolidation.
Another phase 1b trial** studying Dara-CyBorD in MM
patients showed 56% patients achieving MRD negativity
of 107°.

The most common G > 3 AEs encountered as a result
of CFZ therapy were hematological, while the most com-
mon non-hematological side effect being CVAEs. An inte-
grated analysis was conducted which studied the CVAEs
in transplant-ineligible patients receiving CCyd for
NDMM.*** 1t included three phase I/II clinical trials
(total patients=148), with one study administering CFZ at
a dose of 36 mg/m” and the other two escalating the dose
from 46 mg/m? to 70 mg/m”. The study found that 45% of
patients had at least one CVAE, with the most common
being hypertension and dyspnea. Patients with pre-existing
cardiovascular risk factors at enrollment had a fourfold
increased risk (odds ratio: 3.79; P<0.001) of developing
CVAEs as compared to those without a CV risk factor
(baseline hypertension and peripheral vascular disease
conferring the highest risk). The incidence of major car-
diac events was also higher in older patients compared to
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Abbreviations: CFZ, carfilzomib; HTN, hypertension; CHF, congestive heart failure; LFT, liver function tests; CMP, carfilzomib-melphalan-prednisone; VMP, bortezomib-melphalan-prednisone; AE, adverse events; n/N, number of events/

total number of patients evaluable; MSK, musculoskeletal.

younger ones (29% vs 6%; P<0.001). In light of these
findings, it is suggested that elderly patients receiving
CFZ should undergo a pretreatment screening cardiac eva-
luation to detect any abnormalities that may be aggravated
during the treatment.**

Peripheral neuropathy (PN) is another non-hematolo-
gical AE associated with proteosome inhibitors and often
lead to dose interruptions, discontinuations of treatment, or
dose reductions which may result in inadequate manage-
ment of the disease and eventually early disease progres-
sion. A phase IIT clinical trial, CLARION,* compared
carfilzomib-melphalan-prednisone ~ versus bortezomib-
melphalan-prednisone in transplant-ineligible NDMM
patients. The study showed that despite no significant
PFS difference between CFZ and bortezomib groups
(median, 22.3 versus 22.1 months; CI: 0.75-1.10), the
adverse effect profile was markedly different in the two
groups. The rate of G >2 PN was 2.5% in the CFZ group,
compared to 35.1% in the bortezomib group (OR: 0.048,
CI, 0.026-0.088; P: 0.0001). This finding is consistent
with the ENDEAVOR trial, which also reported a higher
rate of G > 2 PN in the bortezomib group (32%) versus the
CFZ group (6%). ENDURANCE.,*® another phase III clin-
ical trial comparing CRd with VRd, revealed similar
results. CRd did not improve the median PFS (VRd: 34.4
months versus CRd: 34.6 m) and 3-yr OS [VRd: 84% (CI:
80-88%) versus CRd: 86% (CI: 82-89)] in patients with
NDMM. PN was again more commonly seen with VRd.
However, these results cannot be applied to NDMM
patients with high-risk cytogenetics as ENDURANCE
specifically excluded high-risk cases in their patient popu-
lation. With these results, CFZ can be used as PI in front-
line setting, especially in patients at high risk for
development of PN. CFZ, however, was associated with
hematological, cardiovascular, and renal AEs in both these
trials. Patients receiving CFZ-based therapy had
a relatively higher risk of developing G >3 renal toxicity
(Risk ratio: 2.29, P:0.001) with acute kidney injury being
the most common event.*> Similarly, patients in CFZ
group had a higher rate of cardiac failure (10.8% vs
4.3%) as compared to bortezomib group.

Regarding limitations in our systematic review, the
clinical trials included in this review are mainly phase I/
IT and phase II studies, with only three randomized phase
II clinical trials. Secondly, many of the studies used
different doses of CFZ and had variable durations of
inductions, consolidation, and maintenance phases that
might have impacted the PFS and OS rates. Thus, the
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dosing regimen should be individualized in every patient
until we have better data to support a particular dose. Also,
due to the lack of individual patient data and the limited
number of patients recruited in each study, we were not
able to determine which dose of CFZ proved to be the
safest and most efficacious. Third, CVAEs, an important
safety concern of CFZ, were reported differently in each
study. Some used a broader term as “cardiac failure” while
other studies reported more specific outcomes such as
congestive heart failure, arrhythmias, atrioventricular
nodal block, or cardiac arrest. Thus, it was difficult to

ascertain which CVAE occurred more frequently.

Conclusion

CFZ-based therapeutic regimens have proven to be highly
efficacious with excellent CR and VGPR rates and impressive
MRD negativity. The three and four drug combination regi-
mens are well-tolerated in patients with NDMM, based on
phase II clinical trials conducted in recent years. However,
when phase III clinical trials, such as ENDURANCE and
CLARION, compared it to the standard-of-care regimen con-
taining bortezomib, it failed to improve the PFS and OS rates
in NDMM patients. This was a rather unexpected finding,
given the promising results that CFZ regimens demonstrated
in phase II trials. Studies comparing several dosing schedules
of CFZ have showed contradictory efficacy data; however,
cardiovascular side effects remained consistent with higher
doses. The incidence of PN reported with carfilzomib is
quite low when compared to bortezomib so it can still prove
to be a useful alternative in patients who develop bortezomib-
induced PN. Cardiotoxicity is an important adverse effect
related to CFZ as it can impact the duration of treatment and
the overall survival rate of patients. Elderly patients with pre-
existing cardiovascular risk factors are especially affected;
therefore, cardiovascular assessment before initiating therapy
is highly recommended. Dara-CRd combination regimen has
shown promising resultsso far, especially in the MASTERS
trial studying MRD-based response adapted therapy in
NDMM. Another trial studying this combination showed
MRD negativity rate of 80% in the absence of ASCT. In
light of these findings, it may have the potential to bypass
the need for transplant. Randomized phase III clinical trials
should be conducted to directly compare Dara-CRd with the
standardized VRd therapy in patients with NDMM.
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