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Key Points

• KTd is an effective induction
and consolidation regimen for
transplant-eligible MM patients.

• The KTd regimen is safe and
well tolerated with a notable
lack of peripheral neuropathy.

This multicenter phase 2 study of the European Myeloma Network investigated the com-

bination of carfilzomib, thalidomide, and dexamethasone (KTd) as induction/consolidation

therapy for transplant-eligible patients with previously untreated multiple myeloma

(N591).DuringKTdinduction therapy,patients received4cyclesofcarfilzomib20/27mg/m2

(n5 50), 20/36mg/m2 (n5 20), 20/45mg/m2 (n521),or 20/56mg/m2 (n5 20)ondays1,2, 8, 9,

15, and 16of a 28-daycycle; thalidomide 200mgondays1 to 28; and dexamethasone 20mg

on days 1, 2, 8, 9, 15, and 16. After autologous stem cell transplantation, patients proceeded

toKTdconsolidation therapy,where the targetdosesofcarfilzomibwere27mg/m2, 36mg/m2,

45 mg/m2, or 56 mg/m2, respectively, and thalidomide 50 mg. Common grade 3/4 adverse

events included respiratory (15%), gastrointestinal (12%), and skin disorders (10%); polyneuropathy was infrequent (1%). Com-

plete response rates after induction and consolidation treatment were 25% and 63%, respectively; rates of very good partial

response or better after induction and consolidation were 68% and 89%, respectively. At a median follow-up of 23 months, the

36-month progression-free survival rate was 72%. The KTd induction and consolidation regimens were active, safe, and well

tolerated. This study was registered at http://www.trialregister.nl as #NTR2422. (Blood. 2015;125(3):449-456)

Introduction

In transplant-eligible patientswithnewlydiagnosedmultiplemyeloma
(MM), the quality of response following autologous stem cell trans-
plantation (ASCT) has been linked with improved progression-free
survival (PFS) and overall survival.1-7 Consequently, appropriate se-
lection of induction and consolidation regimens is essential for achiev-
ing themaximum response and improving patient outcomes following
ASCT. The guidelines of both the National Comprehensive Care
Network and European Society of Medical Oncology recommend
induction treatment prior to ASCT, with triplet combinations that
incorporate bortezomib and dexamethasone, along with an addi-
tional agent (eg, thalidomide, lenalidomide, cyclophosphamide, or
doxorubicin).8-10

In particular, the combination of bortezomib, thalidomide, and
high-dose (40 mg) dexamethasone (VTD) has been extensively inves-
tigated as induction or consolidation therapy for transplant-eligible
patients in prospective phase 3 studies,5,11,12 and it is one of the most
commonly employed treatments in patients with newly diagnosed
MM.13 VTD has shown promising extension of PFS as induction
therapy (relative to TD12) and when used as consolidation therapy
followingASCT (comparedwithTDor no consolidation therapy13,14).

The clinical use of bortezomib within the VTD setting is ham-
pered by the concurrent neurotoxicity profile with thalidomide and
the consequent high incidence of grade 2 to 4 peripheral neuropathy
(PN). In patients treated with bortezomib-based regimens, PN is a
significant cause of treatment discontinuations and dose reductions
that can potentially lead to suboptimal outcomes. In a phase 3 study
of VTD induction therapy, 60% of patients experienced grade $2
PN, 14% experienced grade 3/4 PN, 2% discontinued VTD due to
PN, and 25% required bortezomib dose reductions due to a PN ad-
verse event (AE).12 Lower doses of bortezomib5 and thalidomide and/
or reduced treatment cycles can reduce the incidence of PN but may
also reduce efficacy.12 Subcutaneous administration of bortezomib
to patients with relapsed MM is associated with a lower rate of PN
without compromising efficacy,15 but this administration route has
not been validated when bortezomib is used within VTD combination
therapy in patients with newly diagnosed MM.

Treatment regimens with a more favorable safety profile, partic-
ularly an improved PN profile, could potentially improve outcomes
following induction and consolidation therapy. The combination of
bortezomib, lenalidomide, and dexamethasonemay have lower rates
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of PN than VTD,16 but this regimen is not a standard of care for
frontline treatment outside of the United States because of a lack of
registration. Therefore, combination treatments based on alternative
agents are needed in frontlineMM therapy. Carfilzomib is a selective
proteasome inhibitor that was approved in 2012 in the United States
as a single-agent treatment of patients with relapsed and refractory
MM. Carfilzomib is currently being investigated in combination
with other agents (eg, immunomodulatory agents, histone deacetylase
inhibitors, corticosteroids, and/or alkylating agents) for treatment
of patients with newly diagnosed MM17-22 as well as patients with
relapsed and/or refractory MM.23-27 Specifically, the combination
of carfilzomib with lenalidomide and dexamethasone (KRd) has
been shown to be safe and tolerable with encouraging activity in
patients with newly diagnosed MM18,22 and also in patients with
relapsed MM.28 In particular, low rates of PN have been reported
using KRd as a frontline regimen (23% all grades, 5.7% grade
$2).18 This highlights the potential effectiveness of carfilzomib
within the framework of frontline combination therapy that uses a
proteasome inhibitor, an immunomodulatory agent, and a cortico-
steroid, such as dexamethasone.

We report herein the results of a phase 2 trial examining the safety
and efficacy of carfilzomib plus thalidomide and low-dose (20 mg)
dexamethasone (KTd) as induction and consolidation therapy in pre-
viously untreated patients withMM.This is the first study to evaluate
KTd in transplant-eligible patients with newly diagnosed MM and
the first study in this setting to use a carfilzomib-based regimen as
both an induction and consolidation treatment strategy.

Patients and methods

Patients

Transplant-eligible patients aged 18 to 65 years with previously untreated
MM (International Staging System [ISS] stage 1-3) and World Health Or-
ganization (WHO) performance status 0 to 3 could be enrolled. A WHO
performance of 3 was allowed only if it was caused by MM rather than
a comorbid condition.

Exclusion criteria included grade 3/4 neuropathy or grade 2 painful PN,
known intolerance of thalidomide, New York Heart Association class II to
IV heart failure, systematic amyloid light-chain amyloidosis, nonsecretory
MM, Waldenström macroglobulinemia or immunoglobulin M (IgM) MM,
and history of active malignancy during the past 5 years with the exception
of basal cell carcinoma or stage 0 cervical cancer. Laboratory exclusion
criteria included creatinine clearance ,15 mL/min, absolute neutrophil count
,1.03 109/L, hemoglobin,4.9 mmol/L, and platelet count,753 109/L.

The study protocol was approved by the appropriate institutional review
boards and ethics committees, and the study was conducted in accordance
with the Declaration of Helsinki, the International Conference on Harmo-
nization Guidelines for Good Clinical Practice, and the European Clinical
Trial Directive as implemented in Dutch law. All patients provided written
informed consent.

Study design and treatment

This was a multicenter, single-arm, open-label, phase 2 trial. The treatment
schema is illustrated in Figure 1. Patients received KTd induction therapy in
28-day cycles for up to 4 cycles. During induction therapy, carfilzomib was
administered IV over 2 to 10 minutes on days 1, 2, 8, 9, 15, and 16. Patients
were originally enrolled in the first dosing cohort where the target starting
dose of carfilzomib was 20 mg/m2 for days 1 and 2 of cycle 1 and was
escalated to a target dose of 27mg/m2 for days 8, 9, 15, and 16 of cycle 1 and
for days 1, 2, 8, 9, 15, and 16 of cycles 2 to 4 (20/27 mg/m2). In addition,
thalidomide 200 mg was given orally on days 1 to 28 and dexamethasone

20mgwas given orally ondays 1, 2, 8, 9, 15, and 16. FollowingKTd induction
therapy, all eligible patients underwent stem cell harvest (SCH) after prim-
ing with 4-g/m2 IV cyclophosphamide and daily 10-mg/kg granulocyte
colony-stimulating factor. After treatment with high-dose melphalan (HDM;
200 mg/m2) and ASCT, patients received 4 cycles of KTd consolidation ther-
apy. The schedule for the consolidation regimen was the same as the sched-
ule for the induction regimen, except that the target dose of carfilzomib was
27 mg/m2, 36 mg/m2, or 45 mg/m2 on days 1 and 2 of cycle 1 and the target
dose of thalidomide was 50 mg.

Thedose and scheduleof carfilzomib in thefirst dosingcohort (20/27mg/m2)
were selected based on results from large single-arm studies of single-agent
carfilzomib in relapsed and/or refractory MM, demonstrating that this regi-
men is effective and well tolerated without cumulative toxicity.29,30 Thalid-
omide anddexamethasone dosingwasbasedon theGIMEMA(Gruppo Italiano
Malattie Ematologiche dell’Adulto) trial experience.11 Because the results of
the lowest dosing cohort (carfilzomib 20/27 mg/m2) were promising, 3 addi-
tional dose levels (carfilzomib 20/36mg/m2, 20/45mg/m2, and 20/56mg/m2)
were added via amendments. The fourth cohort (n5 20), inwhich carfilzomib
was escalated to a target dose of 56 mg/m2 in the induction and consolidation
schedule, was recently completed and will be reported later.

Patients were required to maintain adequate hydration during cycle 1 to
reduce the risk of tumor lysis syndrome. Oral hydration approximately equal
to 30mL/kg per daywas initiated 48 hours before the first dose of carfilzomib.
In addition, 250 to 500 mL of IV fluids was given before and after each
carfilzomib dose in cycle 1. If lactate dehydrogenase or uric acid was elevated
at day 1 of cycle 2, then IV hydration was repeated for cycle 2. The goal of the
hydration program was to maintain robust urinary output (ie, $2 L/day).
Patients at high risk for tumor lysis syndrome were also permitted to receive
allopurinol or rasburicase prophylaxis. Patients were recommended to
receive antibiotic prophylaxis with ciprofloxacin or other fluoroquinolone
(or trimethoprim/sulfamethoxazole iffluoroquinoloneswere contraindicated).
In addition, patients were recommended to receive acyclovir or similar anti-
varicella agent prophylaxis. Bisphosphonates and erythropoietic agents were
permitted during the study. If clinically indicated, patients were allowed to
receive red blood cell or platelet infusions and palliative radiation therapy.
Antithrombotic prophylaxis consisted of aspirin or low-molecular-weight
heparin.

The primary objective of the study was to establish the response to
carfilzomib in combination with thalidomide and dexamethasone in patients
with MM at first presentation. To support this primary objective, the primary
end point of the study was to determine the proportion of patients who ob-
tained a complete response (CR) or very good partial response (VGPR) after
induction therapy. Secondary objectives of the study included investigation
of the clinical efficacy and toxicity of KTd in remission induction and con-
solidation treatment of MM at first presentation, effect of KTd induction
therapy on SCH, and PFS. The secondary end points to support these
objectives included the improvement of response after ASCT and consol-
idation therapy, PFS, evaluation of SCH success, and the safety of the in-
duction and consolidation treatments.

This study was registered at http://www.trialregister.nl as #NTR2422.

Assessments

Response assessments were conducted after each induction cycle and at
2-month intervals during consolidation treatment. Responses were based on
assessments by study investigators and were classified according to Inter-
national Myeloma Working Group Uniform Response Criteria,31 with cate-
gories for CR, VGPR, and partial response (PR). Toxicity was assessed
according to the National Cancer Institute Common Terminology Criteria of
Adverse Events, version 4.0.

Clinical and molecular assessment consisted of the analysis of bone mar-
row aspirate which was conducted at screening to quantify myeloma cell
involvement, and the conduction of cytogenetics and fluorescence in situ
hybridization studies. The following cytogenetic abnormalities in CD1381

purifiedMMcellswere evaluated asprognostic variables: 1p/q, t(4;14)(p16;q32),
t(14;16)(q32;q23), del(13q), del(17p), numerical abnormalities 9 or 11
(ie, hyperdiploidy), and complex cytogenetic abnormalities.
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Statistical analysis

All analyses were performed according to the intention-to-treat principle
that was restricted to eligible patients. A true CR 1 VGPR rate of $45%
after induction treatment was considered necessary to show sufficient ther-
apeutic activity, whereas a true CR1 VGPR rate of#25% was considered
too low to warrant further investigation in future clinical trials. To detect
this clinically relevant CR1 VGPR rate with power 12 b5 0.80 (2-sided
significance level a5 0.05), it was determined that$41 patients should be
included in the study. To test the null hypothesis proportion of 25% vs the
alternative hypothesis proportion of 45%, a 2-sided 95% confidence in-
terval (CI) was constructed around the observed CR 1 VGPR rate after
induction treatment. The study was deemed successful if the lower bound-
ary of the 95% CI was .25%.

Exploratory subgroup analyses evaluated the potential effect of risk status,
defined by cytogenetic/ fluorescence in situ hybridization criteria and ISS
stage, on the response to KTd therapy. Patientswere considered to be at high
risk if they had t(4;14) and/or del(17p) and/or add1q and/or ISS stage 3.32

Time-to-event end pointswere analyzedusing theKaplan-Meiermethod,33

and descriptive statistics were used to summarize continuous and categorical
data. PFSwas defined as the time from registration to progressionor death from
any cause.31 Patients known to be alive and free of progression at the last day
of contact were censored. Statistical analysis was performed using Stata
v13.1 software (StataCorp, College Station, TX). All authors had access to the
primary clinical trial data reported herein.

Results

Patients and treatment

This multicenter study was performed at a total of 8 Dutch centers.
A total of 91patients (27mg/m2: n550; 36mg/m2: n520; 45mg/m2:
n 5 21) were enrolled between September 16, 2010, and May 30,
2013, and the database was closed for analysis as of September 9,
2014. Two patients did not fully comply with the eligibility criteria
(1 was 66 years of age, and the other had nonsecretory MM). Their
inclusion was discussed with and approved by the principal inves-
tigator. Baseline demographic and disease characteristics are sum-
marized in Table 1. Patients ranged in age from 29 to 66 years, with
a median age of 58 years. The majority of patients were male (67%).
A total of 45% of patients had aWHO performance status of 1 or 2;
the status of 7% was unknown. Thirty-eight percent of patients
were considered to be at high risk based on ISS stage and cytoge-
netics, whereas another 40% of patients were considered to be at

standard risk (Table 2 and supplemental Table 1 available at the
Blood Web site). The remaining 22% of patients had an unknown
risk status, mainly due to missing cytogenetics. A total of 7 of 81
patients (9%) had a history of grade 1/2 PN at study entry, whereas
10 patients did not have a baseline assessment of PN recorded.
Baseline median creatinine clearance was 60 mL/min (range,
26-118 mL/min), and the baseline median hemoglobin level was
7.0 mmol/L (range, 4.3-10.4 mmol/L).

The flow of patients through the protocol and adherence to each
stage of treatment is shown in Figure 2. All 91 registered patients
started KTd induction therapy, and 83 patients continued on to
receive cyclophosphamide priming treatment. Five patients discon-
tinued induction therapy because of the following AEs: grade 3
rash attributable to thalidomide, grade 2 fever with sepsis, grade 1
hyponatremia, and grade 2 exanthema. Two patients discontinued
treatment because of progressive disease, and 1 patient was not
eligible for further treatment. SCH was successful in 81 of 83 mo-
bilized patients (98%) with .3 3 106 CD341 yield. Two patients
were not eligible for HDM treatment: 1 had insufficient CD341

yield, and the other had progressive disease after SCH. Two addi-
tional patients discontinued treatment after SCH: 1 declined treat-
ment and the other had a nonrelated disease. A total of 79 patients
received HDM (200 mg/m2) and ASCT. HDM/ASCT was per-
formed with complete hematologic recovery in all patients. A total
of 75 patients initiated the consolidation regimen. Four patients
were not eligible for consolidation treatment owing to a long post-
ASCT recovery (n 5 1), progression (n 5 1), refusal (n 5 1), or
nonrelated disease (n5 1). Four patients completed 2 or 3 cycles of
KTd consolidation therapy and discontinued treatment due to dis-
ease progression (n 5 2), thrombotic thrombocytopenic purpura
(n 5 1), and overall worsening of constitution (n 5 1), respec-
tively. The remaining 71 patients completed all 4 consolidation
cycles. Median follow-up from registration was 23.2 months (range,
5.3-44.1 months).

Efficacy

The response to induction, HDM/ASCT, and consolidation therapy
is shown in Table 2. In the overall population (N 5 91), 25% of
patients achieved a CR, 68% achieved at least a VGPR, and 90%
at least a PR after induction therapy. The 95% CI for the $VGPR
rate after induction therapy was 51% to 72%, leading to a rejection
of the null hypothesis of a #25% $VGPR rate in favor of the
alternative hypothesis of a $45% rate of $VGPR after induction

Figure 1. Dosing schedule and treatment schema. Patients received up to 4 cycles (28 days each) of KTd induction therapy before initiating SCH, HDM, and ASCT.

Carfilzomib was administered IV over 2 to 10 minutes on days 1, 2, 8, 9, 15, and 16 at a starting dose of 20 mg/m2 for days 1 and 2 of cycle 1 and escalated to a target dose of

27 mg/m2 (cohort 1), 36 mg/m2 (cohort 2), 45 mg/m2 (cohort 3), or 56 mg/m2 (cohort 4, not shown) for days 8, 9, 15, and 16 of cycle 1 and days 1, 2, 8, 9, 15, and 16 of cycles 2

to 4. Thalidomide 200 mg was administered on days 1 to 28, and dexamethasone 20 mg was administered on days 1, 2, 8, 9, 15, and 16. SCH was performed using

cyclophosphamide 2 to 4 g/m2 and granulocyte colony-stimulating factor according to institutional protocols. After ASCT, up to 4 cycles (28 days each) of consolidation

therapy were initiated. The KTd consolidation regimen was similar to the induction regimen, except that the target doses of carfilzomib and thalidomide were 27 mg/m2 and

50 mg, respectively.
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treatment. Furthermore, responses were rapid and increased with
additional treatment. Themajority of patients (74%) achieved$PR
within the first induction cycle, and 93% achieved $PR after 2 in-
duction cycles. The$VGPR rate increased from 68%after induction
therapy to 76% after HDM/ASCT, and finally to 89% after 4 cy-
cles of consolidation therapy.After consolidation therapy, standard-
risk andhigh-risk patients (definedby cytogenetics and ISS stage) had
similar CR rates (58% vs 66%, respectively). There was no difference
in response among the dosing levels (Table 2).

Median PFS was not reached. The PFS rate at 36 months was
72% (95%CI, 60% to 81%) as shown by the Kaplan-Meier curve in
Figure 3. Six patients died due to progressive disease.

Safety

The incidence of AEs occurring during induction therapy and
across all treatment cycles is summarized in Table 3. Any grade
blood and lymphatic system disorder AE occurring during induc-
tion therapy was reported in 8% of patients, whereas grade 3/4 blood
and lymphatic system disorder AEs were reported in 5%. These rates
increased to 16% and 7%, respectively, at the completion of con-
solidation therapy. Dermatologic, respiratory, and gastrointestinal
disorders were among the most common nonhematologic grade 3/4
AEs experienced during all treatment cycles, affecting 10%, 15%,
and 12% of patients, respectively. At the lowest dose level, skin rash
was observed in 40% of patients, which was attributed to the use
of cotrimoxazole and was not allowed in later cohorts. Whereas
9% of patients had preexisting grade 1/2 PNP at study entry, any
grade PNP was experienced by 40% of patients during all treat-
ment cycles. Grade $2 PNP events were reported in 18% of
patients, 1 patient (1%) experienced grade 3 PNP, and there were no
reports of grade 4 PNP over all treatment cycles. Most cases of PNP
were deemed to be thalidomide-related; of 59 PNP AEs reported,
47 were at least possibly related to thalidomide. Any cardiac-
related AE was reported in 16% of patients after induction therapy.
Ten of these cardiac events were grade 1/2, and the remaining 5
were grade 3. After consolidation therapy, the rate of any cardiac-
related AE increased to 19%; 5% of patients experienced a grade 3
cardiac event, and no grade 4 events were reported. Grade 3 cardiac
events consisted of heart failure (n5 3), dyspnea (n5 1), and chest
pain (n 5 1). Two cardiac-related AEs (grade 2 atrial fibrillation
and grade 3 dyspnea) were possibly caused by carfilzomib, 1 car-
diac AE (grade 1 atrial flutter) was attributed to thalidomide, and
20 cardiac AEs were considered unrelated to treatment or could not
be attributed to a specific treatment. Grade 3 or 4 respiratory adverse
events included infection/pneumonia (n5 6), dyspnea (n5 7), and
pulmonary embolism (n5 2), all of which resolved.

Serious AEs (SAEs) were reported in 21 patients in cohort 1, 8
patients in cohort 2, and 7 patients in cohort 3. Therefore, 40% of
patients reported at least 1 SAE. The most common SAE was fever
(11 patients, 12%).

Overall, the KTd regimen was well tolerated. As noted earlier,
only 5 patients (5%) discontinued induction therapy because of
excessive toxicity. There were no toxicity-related treatment dis-
continuations during consolidation therapy. An analysis of treat-
ment adherence to each of the study drugs composing the KTd
regimen is shown in Table 4. During the induction phase, the
normal treatment completion rate was 59% for carfilzomib, 52% for
thalidomide, and 78% for dexamethasone. Dose delays, reductions,
and/or interruptions of carfilzomib, thalidomide, and dexametha-
sone were observed in 35%, 38%, and 16% of patients, respec-
tively. Carfilzomib dose reductions were required in 5% of patients
because of preexisting renal insufficiency (n 5 1), PNP (n 5 1),
tumor lysis syndrome (n 5 1), chest pain (n 5 1), or unknown
reasons (n 5 1). Premature stoppage of carfilzomib, thalidomide,
and dexamethasone administration occurred in 5%, 10%, and 5%of
patients, respectively. In general, for carfilzomib and thalidomide,
normal completion rates for each of the study drugswere higher during
consolidation treatment cycles compared with induction treatment
cycles, whereas dose delays, reductions, and/or interruptions were
lower compared with induction treatment cycles. Dexamethasone
treatment adherence was similar for induction and consolidation
treatment cycles.

Table 1. Baseline patient characteristics

Characteristic N 5 91

Male, n (%) 61 (67)

Age

Median (range), years 58 (29-66)

ISS stage, n (%)

1 38 (42)

2 31 (34)

3 22 (24)

WHO performance status, n (%)

0 42 (46)

1 37 (41)

2 4 (4)

3 2 (2)

Unknown 6 (7)

M-protein isotype, n (%)

IgA 20 (22)

IgG 48 (53)

IgD 3 (3)

Light-chain disease 17 (19)

Unknown 3 (3)

M-protein light chain, n (%)

k 59 (65)

L 29 (32)

Unknown 3 (3)

Lytic bone lesions, n (%)

0 22 (24)

1 8 (9)

2 6 (7)

$3 53 (58)

Unknown 2 (2)

Genetic abnormalities, n (%)*

add1q 11 (15)

t(4;14)(p16;q32) 4 (5)

del(17p13) 8 (11)

Risk status, n (%)†

Standard 36 (40)

High 35 (38)

Unknown 20 (22)

Grade 1/2 PNP‡ 7 (9)

Median b2-microglobulin (range), mg/L 3.6 (1.4-23.6)

Median hemoglobin (range), mmol/L 7.0 (4.3-10.4)

Median calcium (range), mmol/L 2.3 (2.0-4.1)

Median creatinine (range), mmol/L 79 (40-345)

Median creatinine clearance (range), mL/min§ 60 (26-118)

Ig, immunoglobulin; PNP, polyneuropathy.

*A total of 74 patients were evaluable for cytogenetics.

†High-risk patients had ISS stage 3 disease and/or del17p and/or t(4;14) and/or

add1q cytogenetic abnormalities. The remaining patients with available ISS status

and cytogenetics were considered to have a standard risk.

‡Not recorded in 10 patients.

§Evaluated from 36 patients.
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Discussion

Results from this multicenter phase 2 study demonstrated that the
KTd regimen was active, safe, and well tolerated as induction and

consolidation therapy in newly diagnosedMMpatients planning to
undergo ASCT. The response after induction therapy was en-
couraging, with 68% of patients achieving at least a VGPR, thus
meeting the study’s primary end point of a $45% $VGPR rate.
Moreover, responses were rapid and improved with HDM/ASCT

Figure 2. Patient disposition and flow through the

study protocol. Cyclo, cyclophosphamide; G-CSF,

granulocyte colony-stimulating factor; HD, high-dose;

SC, stem cell.

Table 2. Response after induction, after HDM, and after consolidation by carfilzomib dosing level and risk status

Dosing level of carfilzomib
Risk status by cytogenetics and

ISS stage

20/27 mg/m2 20/36 mg/m2 20/45 mg/m2 All patients Standard risk* High risk*

Patients, n 50 20 21 91 36 35

Response after induction, n (%)

CR 10 (20) 6 (30) 7 (33) 23 (25) 3 (8) 9 (26)

$VGPR 28 (56) 17 (85) 17 (81) 62 (68) 25 (69) 22 (63)

$PR 46 (92) 18 (90) 18 (86) 82 (90) 34 (94) 32 (91)

Response after HDM, n (%)

CR 14 (28) 8 (40) 8 (38) 30 (33) 9 (25) 14 (40)

$VGPR 32 (64) 18 (90) 19 (90) 69 (76) 29 (81) 25 (71)

$PR 47 (94) 20 (100) 20 (95) 87 (96) 34 (94) 33 (94)

Response after consolidation, n (%)

CR 29 (58) 14 (70) 14 (67) 57 (63) 21 (58) 23 (66)

$VGPR 43 (86) 18 (90) 20 (95) 81 (89) 31 (86) 30 (86)

$PR 47 (94) 20 (100) 20 (95) 87 (96) 34 (94) 33 (94)

*High-risk patients are those with t(4;14) and/or del(17p) and/or add1q and/or ISS stage 3 disease. Standard-risk patients are all remaining patients, excluding 20 patients

whose risk status was unknown.
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and consolidation therapy. A high CR rate (63%) was seen after
consolidation therapy and was generally similar between high-
and standard-risk groups, based on cytogenetics and ISS stage.
With a median follow-up of 23 months, the PFS rate at 36 months
was 72%. KTd induction therapy did not adversely affect the

feasibility of ASCT. Notably, PNP was mostly grade 1/2, and the
majority of cases were attributable to thalidomide. Grade 3/4 PNP
was reported infrequently (1%). These data are consistent with the
PN rates reported from studies using other carfilzomib combina-
tions in the frontline setting for both transplant-eligible17-19,22

Figure 3. PFS. Kaplan-Meier curve of PFS for all patients

(A) and by risk group (B).

Table 3. Treatment-emergent adverse events during therapy

Toxicity

Induction therapy (N 5 91) All treatment cycles (N 5 91)

Any grade Grade 3/4 Any grade Grade 3/4 SAE

Hematologic

Blood and lymphatic system disorders 7 (8) 5 (5) 15 (16) 6 (7) 3 (3)

Nonhematologic

Gastrointestinal disorders 49 (54) 2 (2) 66 (73) 11 (12) 8 (9)

General disorders and administration site

conditions

53 (58) 2 (2) 62 (68) 5 (5) 12 (13)

Respiratory, thoracic, and mediastinal disorders 35 (38) 9 (10) 50 (54) 14 (15) 9 (10)

PNP 33 (36) 0 (0) 36 (40) 1 (1) 2 (2)

Skin and subcutaneous tissue disorders 36 (40) 7 (8) 41 (45) 9 (10) 2 (2)

Musculature, skeletal, and connective tissue

disorders

21 (23) 1 (1) 38 (42) 4 (4) 4 (4)

Vascular disorders 24 (26) 5 (5) 27 (30) 6 (7) 2 (2)

Cardiac disorders 15 (16) 5 (5) 17 (19) 5 (5) 5 (5)

Infections and infestations 12 (13) 0 (0) 33 (36) 3 (3) 0 (0)

Metabolism and nutrition disorders 16 (18) 7 (8) 19 (21) 8 (9) 7 (8)

Investigations 6 (7) 4 (4) 12 (13) 9 (10) 0 (0)

Eye disorders 9 (10) 1 (1) 15 (16) 1 (1) 0 (0)

Psychiatric disorders 7 (8) 0 (0) 10 (11) 0 (0) 0 (0)

Renal and urinary disorders 7 (8) 3 (3) 10 (11) 3 (3) 4 (4)

Endocrine disorders 2 (2) 0 (0) 3 (3) 1 (1) 1 (1)

Surgical and medical procedures 1 (1) 1 (1) 3 (3) 1 (1) 1 (1)

Data are n (%) of patients.
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and ineligible patients.20,21 Taken together, these data highlight the
potential effectiveness of KTd as a frontline regimen for transplant-
eligible patients with previously untreated MM.

Although cross-trial comparisons should be interpreted with cau-
tion, the postinduction response data (overall response rate [ORR],
90%; $VGPR, 68%) compare favorably in relation to the rates re-
ported from studies with frontline VTD and TD. The ORR of TD in
2 randomized trialswas 63%,34,35while the$VGPR ratewas 44%.35

In 2 phase 3 trials of VTD induction (GIMEMA and PETHEMA/
GEM [Programa para el Estudio y la Terapéutica de las Hemopatı́as
Malignas/Grupo Español de Mieloma]), ORRs of 85% and 93%
and $VGPR rates of 60% and 62% were reported.11,12 A recent ret-
rospective study assessed the efficacy of both VTD induction and
consolidation therapy for the treatment of newly diagnosed MM.13

After consolidation, the CR rate was 52% and the $VGPR rate
was 83%, which are similar to the postconsolidation rates reported
here (63% and 89% for CR and $VGPR, respectively).

KTd was well tolerated in initial and later treatment across the 3
dosing cohorts. AEs were manageable. Treatment discontinuations
of KTd due to AEs were infrequent at 8%, and these discontinua-
tions all occurred during induction treatment. Dose reductions
of carfilzomib due to AEs occurred in 8% of patients. The most
common grade 3/4 AEs were dermatologic, gastrointestinal, and
respiratory disorders. Notably, with the caveat of cross-trial com-
parisons, the rate of PNP (16% grade$2, 1% grade$3) seen in our
study was lower than PN rates reported in studies treating patients
withVTD induction therapy. The GIMEMAphase 3 study reported
a 16% frequency of grade $2 PN events and a 10% frequency of
grade 3/4 PN events.11 The PETHEMA/GEMphase 3 study reported
a 60% frequency of grade $2 PN events and a 14% frequency of
grade 3/4 PN events.12 Only 1 of 91 patients (1%) in the study
presented here required a carfilzomib dose modification because of
a PNP AE during KTd induction. In comparison, dose reductions of
bortezomib in response to PN AEs have been required in up to 25%
of patients during VTD induction.12 SCHwas successful in 81 of 83
patientswho startedwith cyclophosphamide followingKTd induction.
The finding that the KTd induction regimen does not hinder SCH
is consistent with other reports of carfilzomib and bortezomib front-
line combination regimens.16,18,36 Following induction and SCH,
79 of 81 patients (98%) underwent HDM/ASCT,which is similar to
the 73% to 90% of patients able to undergo ASCT following VTD
induction.5,11,12 The 3 dosing cohorts in this trial had similar out-
come in response andAEs. From the present data, it can be concluded

that the maximum tolerated dose of carfilzomib in combination with
thalidomide anddexamethasonehasnot been reached.A fourthdosing
cohort at carfilzomib 56 mg/m2 (n5 20) is ongoing.

The results of this study are encouraging, but they will need to
be confirmed in future studies, preferably in randomized trials with
a larger patient population. Longer follow-up from our study and
results from planned and ongoing studies examining higher doses
of carfilzomib with thalidomide and dexamethasone will further
delineate the role of the KTd regimen in the frontline setting. In ad-
dition, the safety and efficacy of regimens based on the combina-
tion of carfilzomib with other agents are being explored in the
frontline setting for both transplant-eligible and transplant-ineligible
patients.17,19-22 These include supplementation of the KTd regimen
with additional agents. For example, the Mayo Clinic has recently
reported promising results from the CYKLONE phase 2 study in
which cyclophosphamide is added to the KTd regimen.19

In newly diagnosed patients who are eligible for ASCT, the
combination of carfilzomib plus thalidomide and dexamethasone is
a safe, rapidly effective, and well-tolerated induction regimen. Con-
solidation treatment after ASCT with this regimen results in a
significant upgrade of response. Importantly, the favorable PN safety
profile may allow for greater treatment adherence and more durable
response. The data reported here support further clinical trials to
validate the benefit of the KTd regimen for induction and con-
solidation therapy.
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Table 4. Cumulative adherence to treatment protocol

Induction
(N 5 91)

Consolidation
(N 5 75)

Carfilzomib treatment adherence

Normal completion 54 (59) 52 (69)

Dose delay, reduction and/or interruption 32 (35) 19 (25)

Premature stop 5 (5) 4 (5)

Thalidomide treatment adherence

Normal completion 47 (52) 56 (75)

Dose delay, reduction, and/or

interruption

35 (38) 9 (12)

Premature stop 9 (10) 10 (13)

Dexamethasone treatment adherence

Normal completion 71 (78) 55 (73)

Dose delay, reduction, and/or

interruption

15 (16) 15 (20)

Premature stop 5 (5) 5 (7)
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