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Abstract
Carfilzomib is a next-generation, selective proteasome inhibitor being evaluated for the treatment of
relapsed and refractory multiple myeloma. In this open-label, single-arm phase 2 study (PX-171-003-A1),
patients received single-agent carfilzomib 20 mg/m2 intravenously twice weekly for 3 of 4 weeks in Cycle
1, then 27 mg/m2 for ≤12 cycles. Primary endpoint was overall response rate (ORR; ≥partial response).
Secondary endpoints included clinical benefit response rate (≥minimal response), duration of response
(DOR), progression-free survival, overall survival (OS), and safety. 266 patients were evaluable for safety,
257 for efficacy; 95% were refractory to their last therapy; 80% were refractory or intolerant to both
bortezomib and lenalidomide. Patients had median of 5 prior lines of therapy, including bortezomib,
lenalidomide, and thalidomide. ORR was 23.7% with median DOR of 7.8 months. Median OS was 15.6
months. Adverse events (AEs) were manageable without cumulative toxicities. Common AEs were
fatigue (49%), anemia (46%), nausea (45%), and thrombocytopenia (39%). 33 patients (12.4%)
experienced peripheral neuropathy, primarily Grades 1/2. Thirty-three patients (12.4%) withdrew due to
an AE. Durable responses and an acceptable tolerability profile in this heavily-pretreated population
demonstrate the potential of carfilzomib to offer meaningful clinical benefit. Registered at
www.clinicaltrials.gov as #NCT00511238.
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Introduction
Multiple myeloma (MM) is characterized by abnormal accumulation of clonal plasma cells in bone
marrow (BM). In the United States in 2012 there will be an estimated 21,700 new cases of MM and
10,710 deaths.1 The introduction of immunomodulators (thalidomide and lenalidomide) and the
approval of a proteasome inhibitor (bortezomib) have significantly improved treatment options for
patients with this disease.2 As a result, mortality rates have decreased3 and overall survival (OS) rates
have improved over the past decade.4, 5 Nevertheless, responses are temporary and the overwhelming
majority of patients relapse,6, 7 indicating a need for more effective therapies.8

The proteasome, present in all cells, is part of the ubiquitin-proteasome system that degrades highly
regulated cellular proteins.9-11 Proteasome inhibition leads to increased rates of apoptosis induction that
is particularly significant in malignant cells.12, 13 The therapeutic potential of proteasome inhibitors was
confirmed by the approval of bortezomib for the treatment of MM and mantle cell lymphoma.10, 14-16
Carfilzomib (Onyx Pharmaceuticals, South San Francisco, CA) is a next-generation proteasome inhibitor
that selectively and irreversibly binds to its target, resulting in sustained inhibition. Carfilzomib, alone or
in combination with other agents, demonstrated antitumor activity in several in vitro and in vivo tumor
models.17, 18 It induced apoptosis in myeloma cell lines and in primary myeloma cells from patients
whose disease was resistant to available therapies, including bortezomib.18 In vitro, compared with
bortezomib, carfilzomib has greater selectivity for the chymotrypsin-like active site of the proteasome.19
In addition, carfilzomib also has fewer off-target effects, which may explain a lack of neurodegeneration
in vitro, and less neurotoxicity in animal studies.20, 21 As a result, carfilzomib may circumvent some of the
clinical adverse events (eg, peripheral neuropathy [PN]) associated with bortezomib.20, 22, 23
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A consecutive-day dosing regimen of carfilzomib was utilized in clinical studies following in vitro
pharmacology experiments demonstrating sustained proteasome inhibition of up to 36 hours with this
regimen.17, 24 Two specific dosing regimens testing the 2- to 10-minute administration were evaluated in
phase 1 studies—one using carfilzomib for 5 consecutive days on a 14-day schedule, and another using
carfilzomib on 2 consecutive days for 3 weeks of a 4-week schedule.24, 25 Both of these dosing regimens
demonstrated activity in patients with advanced MM and non-Hodgkin’s lymphoma, although the latter
regimen (twice weekly for 3 weeks) was better tolerated and allowed the use of higher doses.24, 25 These
findings provided the rationale for an open-label, phase 2 pilot study (PX-171-003-A0) of carfilzomib in
46 patients with relapsed and refractory MM.26 In the pilot study, patients treated with carfilzomib 20
mg/m2 achieved an overall response rate (ORR) of 16.7% and a 23.8% clinical benefit rate (CBR) with
manageable toxicities. The study was subsequently amended (PX-171-003-A1) to include an expanded
dosing cohort with scheduled dose escalation from 20 to 27 mg/m2 beginning with the second dosing
cycle. The investigators chose to report the results of the pilot study separately as the dose, study
conduct, and analysis differ from PX-171-003-A1. The results of the amended study are reported herein.

Patients and Methods
This was a multicenter, open-label, single-arm, phase 2 study (Clinicaltrials.gov Identifier: NCT00511238)
involving 30 centers in the United States and Canada. The study was conducted in accordance with US
Food and Drug Administration and International Conference on Harmonisation Guidelines for Good
Clinical Practice, Declaration of Helsinki, Health Canada, and applicable local health authority and
Institutional Review Board requirements. All patients provided written informed consent in accordance
with federal, local, and institutional guidelines. The investigators and representatives from Onyx
Pharmaceuticals (formerly Proteolix, South San Francisco, CA) designed the study. Data were collected
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and analyzed by medical and biometrics representatives from Onyx in conjunction with the investigators
and an Independent Review Committee (IRC). All participating institutions received financial support for
conducting the study.

Patients

Eligible patients were ≥18 years old, with measurable progressive MM, responsive to at least 1 prior
regimen by International Myeloma Working Group (IMWG) Uniform Response Criteria33 and European
Blood and Marrow Transplantation Group (EBMT) criteria (ie, minimal response [MR] or better)27 and
refractory to their most recent therapy (ie, ≤25% response or progression either during therapy or ≤60
days after completion of therapy). Patients must have received ≥2 prior regimens for relapsed disease,
including bortezomib, thalidomide or lenalidomide, an alkylating agent, or an anthracycline alone or in
combination. Other eligibility criteria included Eastern Cooperative Oncology Group (ECOG)
performance status 0–2. Laboratory entry criteria included platelet count ≥50,000/mm3, hemoglobin
concentration ≥8.0 g/dL, and absolute neutrophil count ≥1,000/mm3, serum aspartate aminotransferase
or alanine aminotransferase concentrations less than 3 times the upper limit of normal, serum total
bilirubin concentration less than 2 times the upper limit of normal, and measured or calculated
creatinine clearance greater than 30 mL/min.

Treatment

Intravenous (IV) carfilzomib was given over 2–10 minutes on Days 1, 2, 8, 9, 15, and 16 of each 28-day
cycle, for up to 12 cycles. The dose for Cycle 1, determined based on the findings from the two phase 1
studies, was 20 mg/m2, which was escalated to 27 mg/m2 for all cycles thereafter provided that patients
tolerated the initial dose level of 20 mg/m2. Oral or IV dexamethasone (4 mg) was administered prior to
5
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each dose of carfilzomib in Cycle 1 and as needed thereafter as premedication to help prevent potential
infusion reactions. In order to avoid a therapeutic effect, higher doses of dexamethasone were not
allowed. All patients were to receive oral and IV fluids prior to dosing to assure adequate hydration.
Those patients with a high tumor burden, thus considered to be at increased risk for tumor lysis
syndrome (TLS), could receive allopurinol for TLS prophylaxis. Antiviral prophylaxis, bisphosphonates,
and erythropoietic agents were permitted during the study. Carfilzomib was withheld for Grade 3/4
hematologic or non-hematologic toxicities and resumed at reduced doses of 15 mg/m2 in Cycle 1 or 20
mg/m2 in Cycle 2 and above on resolution. Up to 2 dose level reductions were permitted per patient; if
toxicity continued, the patient was withdrawn. The maximum treatment duration was 12 cycles in
patients with stable disease or better. Patients who completed this study and wished to continue to
receive carfilzomib were eligible to participate in an extension study (PX-171-010; NCT00884312),
allowing for prolonged therapy. Patients were followed for disease progression and OS for up to 3 years
after discontinuation or completion of therapy.

Assessment of Efficacy

Response assessments were conducted on Day 15 of Cycle 1, on Day 1 of Cycles 2–12, and at the end of
the study. The primary efficacy endpoint was ORR (proportion of patients with stringent complete
response [sCR], complete response [CR], very good partial response [VGPR], and partial response [PR])
based on responses as assessed by study investigators and reviewed and adjudicated by an IRC
consisting of 3 expert clinicians not affiliated with this study, using IMWG Uniform Response Criteria.28
sCR, CR, VGPR, PR, and MR required 2 consecutive assessments made at any time before progression or
initiation of any new therapy. Secondary endpoints included CBR rate (proportion of patients with MR or
better) according to IMWG criteria and EBMT criteria27 (for MR), duration of response (time from first
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confirmed response of PR or better [for ORR] or MR or better [for CBR] to confirmed disease progression
[PD] or death), progression-free survival (PFS; time from start of treatment to IRC-confirmed PD or death
from any cause, irrespective of disease status), and OS (time from start of treatment to death from any
cause). In contrast to the pilot study PX-171-003-A0, the IRC for PX-171-003-A1 also reviewed and
adjudicated all of the secondary endpoints.

Disease progression required any 1 of the following criteria: (1) increase in serum monoclonal protein by
25% or higher above the lowest response level and an absolute increase of ≥5 g/L, (2) increase in urine
monoclonal protein by ≥25% above the lowest remission value and an absolute increase in excretion by
≥200 mg/24 hours, (3) increase in size of soft-tissue plasmacytoma by ≥50% or appearance of a new
plasmacytoma, (4) appearance of new bone lesions or increase in size of existing bone lesions by ≥50%,
or (5) unexplained hypercalcemia (>2.875 mM or >11.5 g/dL). Progression also had to be confirmed by 2
consecutive assessments.

As noted, an IRC was used for primary determination of response and progression to reduce the bias
inherent in this open-label, uncontrolled design. Because comparisons of survival inherently favor
patients who respond, every attempt was made to minimize this effect. Thus the survival data for
patients with responses ≥PR versus the survival data for all other patients was analyzed according to the
Simon-Makuch landmark transient-state method29 as was previously applied in a study of patients with
relapsed, refractory MM receiving bortezomib.30
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Assessment of Safety

Adverse events (AEs) were assessed at each visit, graded according to National Cancer Institute Common
Terminology Criteria for Adverse Events (NCI-CTCAE; version 3.0), and tabulated by system organ class,
frequency, severity grade, and relationship to study treatment. Results of laboratory assessments were
assessed as change from baseline and shift in toxicity grade. Patients underwent complete neurologic
evaluation during initial screening, on Day 1 of odd-numbered cycles, and at the end of treatment, using
the neurotoxicity subscale of the Gynecologic Oncology Group’s Functional Assessment of Cancer
Therapy (FACT/GOG-Ntx).31 A Safety Oversight Group (SOG) reviewed all reports of serious AEs (SAEs)
and CTCAE Grade 3/4 treatment-related AEs and provided recommendations about stopping or
continuing the trial.

Statistical Analysis

The primary efficacy population comprised all patients who received ≥1 dose of study drug, had a
baseline disease assessment, and had ≥1 post-baseline disease assessment, or patients who
discontinued treatment prior to Day 1 of Cycle 2 due to an AE that was considered to be possibly or
probably related to carfilzomib, irrespective of availability of baseline and post-baseline assessment. The
safety population comprised all patients who received ≥1 dose of study drug.

A target sample size of 250 patients was calculated based on a 1-stage, single-arm, Phase 2 design such
that a meaningful increase in the CBR rate (defined per protocol as ORR >10%), if present, could be
detected with approximately an 80% probability, while maintaining an upper limit on the type 1 error
rate at conventional levels. The ORR was estimated based on the crude proportion of evaluable patients
who achieved a sCR, CR, VGPR, or PR. This estimate was to be accompanied by a 2-sided 95% Clopper8
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Pearson exact confidence interval (CI). A 1-sample Chi-square test with a 1-sided significance level of
2.5% was used to test the null hypothesis proportion of 10% versus the alternative hypothesis
proportion of 16%. The study was deemed successful if the lower boundary of the 2-sided 95%
confidence interval about the ORR was >10%. The data for CBR were assessed in the same manner.

For time-to-event endpoints, Kaplan-Meier32 plots were prepared, along with the estimates of median
and 95% CI. The time to response was from the date of the first administration of carfilzomib to first
evidence of a confirmed response. Median follow-up for OS was estimated according to the KaplanMeier estimate of potential follow-up, also termed the “reverse Kaplan-Meier” method.33 PFS was
censored at the last disease assessment visit for patients who met 1 of the following conditions: (1) nonprotocol anticancer treatment started before documentation of PD or death, (2) lost to follow-up, or (3)
alive and did not have documentation of PD before data analysis cutoff date. OS for patients who were
alive or lost to follow-up at the data analysis cutoff date was censored on the date the subject was last
known to be alive.

Exploratory subgroup analyses evaluated the potential impact(s) of the following factors on response to
carfilzomib: baseline patient characteristics of age, sex, and race; prognostic factors of ECOG status,
hemoglobin, plasma cell involvement, cytogenetics or FISH, serum β2-microglobulin, and International
Staging System (ISS) stage; prior anti-myeloma treatment history; and history of PN or active Grade 1/2
PN at study entry. Specific efficacy endpoints considered in these analyses were ORR, CBR, DOR, PFS,
and OS. All statistical analyses were performed using SAS version 9.1 or later (SAS Institute, Cary, NC).

Results

9
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Disposition of Patients

From July 2008 until October 2009, 266 patients were enrolled at 30 sites in the United States and
Canada. The data cutoff date for this analysis was February 11, 2011. All patients enrolled received ≥1
dose of study drug, so were evaluable for safety. The efficacy population comprised 257 patients; 9
patients were excluded because of missing baseline and/or post-baseline disease assessment.

The median age was 63 years; 58% were male; and 71% were Caucasian (Table 1). Patients had been
diagnosed with MM a median of 5.4 years prior to study entry and had received a median of 5 (range 1–
20) lines of therapy for MM; the majority (82%) had received ≥4 lines of therapy and 95% were
refractory to their last line of therapy. Patients may have been exposed to a given drug in more than 1
line of therapy. All but 1 patient had received bortezomib; 73% were refractory to bortezomib in any
prior line of therapy, and 45% were refractory to bortezomib in their most recent line of therapy. All
patients had received an immunomodulator, and most had received high-dose corticosteroid therapy
(98%) and therapy with an alkylating agent (92%). Seventy-four percent of patients had received at least
1 stem cell transplant. Eighty percent of patients (n=214) were refractory or intolerant to both
bortezomib and lenalidomide where intolerance to a previous therapy was defined as having had that
therapy discontinued due to toxicity. Most patients had either IgG (73%) or IgA (17%) myeloma and 69%
had ISS stage II or III disease at diagnosis. Of the 234 patients with cytogenetic or FISH data, 75 (28%
overall) had markers indicating poor prognosis including either t(4;14), t(14;16), deletion (17p;13) by
cytogenetics/FISH, or deletion (13q;14) by cytogenetics. The majority of patients (77%) had PN of Grade
1/2 at baseline.
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The median duration of carfilzomib treatment was 3.0 months (range 0.03–16.9). Approximately onethird of patients (31%) completed more than 6 cycles; 40 patients (15%) completed 12 cycles and 31
patients (12%) continued on to extension protocol PX-171-010. Patients who discontinued therapy did
so primarily because of PD (59%) or AEs (12%). Ninety-seven patients (36.5%) discontinued during the
first 2 cycles of treatment, including 51 patients (19%) who discontinued during Cycle 1. Of the 97
patients, 61 discontinued within the first 2 cycles because of progressive disease. The remaining 36
patients discontinued for reasons of AEs (n=14), withdrawn consent (n=10), death (n=6), or MD
discretion/lack of efficacy/seeking alternative treatment (n=6). A total of 69 patients (26%) did not
escalate to the 27 mg/m2 dose of carfilzomib, primarily due to early discontinuation.

Efficacy

In 257 response-evaluable patients, the ORR was 23.7% by IRC assessment and the CBR rate was 37.0%
(Table 2). There was 92.1% concordance between the IRC-assessed and investigator-assessed ORR, and
an 81.3% concordance between IRC- and investigator-assessed response grades overall. The ORR in
patients whose disease was refractory to their last prior therapy was similar (23.5%; 57/243 patients) to
the ORR of 23.7% for response-evaluable patients and to the ORR of 22.9% in the 266 patients in the
safety population. The ORR and CBR rate in patients with Grade 1 or 2 PN were 23.8% and 36.1%,
respectively. The ORR was somewhat lower in patients with ≥2 prior lines of bortezomib-based therapy
compared with those with <2 (18.5% vs 29.5%) and in patients refractory to bortezomib in their last line
of therapy compared with those who did not receive bortezomib in their last line of therapy (18.6% vs
28.3%). Patients (n=214/266) refractory or intolerant to both bortezomib and lenalidomide had an ORR
of 20.1% (95% CI, 14.9–26.1), while patients refractory to both bortezomib and lenalidomide (n=
169/266) had an ORR of 15.4% (95% CI, 10.3–21.7).
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The median DOR in the 61 patients who achieved PR or better was 7.8 months (95% CI, 5.6–9.2) (Table

2). In the 95 patients with MR or better, the corresponding DOR was 8.3 months (95% CI, 6.5–9.7). The
median DOR for patients refractory or intolerant to both bortezomib and lenalidomide was 7.4 months
(95% CI, 5.6–8.4), and the DOR for patients refractory to both bortezomib and lenalidomide was 7.8
months (95% CI, 6.7–10.1). The median time to best overall response (≥PR) was 1.9 months.

Other secondary endpoints of the study included a median PFS for all response-evaluable patients
(n=257) of 3.7 months (95% CI, 2.8–4.6) (Figure 1A), and a median OS of 15.6 months (95% CI, 13.0–
19.2) (Figure 1B). The median OS for all 266 patients was 15.4 months (95% CI, 12.5–19.0). The median
OS in patients refractory or intolerant to both bortezomib and lenalidomide (n=214) was 13.2 months
(95% CI, 10.6–16.6), while patients refractory to both bortezomib and lenalidomide (n=169) had a
median OS of 11.9 months (95% CI, 8.4–14.7). Subgroup analyses of PFS and OS by depth of response
showed trends of improved outcomes as the level of response improved (Supplementary Materials,
Figure A1), and a landmark analysis at 2 months from the start of treatment showed that patients who
achieved at least a MR lived longer than those who did not achieve a response (chi-square = 45.7, P
<0.0001; Supplementary Materials, Figure A2)

Prognostic Factors

A multivariate analysis evaluated the impact of factors including gender, the extent of plasma cell
involvement in bone marrow, adverse cytogenetics, renal impairment, ISS stage, and ECOG performance
status on responses to carfilzomib. This analysis demonstrated that responses were not unfavorably
influenced by the majority of these factors—most notably, unfavorable cytogenetic/FISH markers and
renal impairment (Figure 2). Furthermore, the durations of CBR were similar for patients with and
12
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without unfavorable cytogenetic/FISH markers, at approximately 8 months for each subgroup. The ORRs
in the subpopulations of patients with ISS stage III (n=78) and those aged ≥65 years (n=118) were 17.9%
and 22.0%, respectively. Responses were slightly higher in patients with baseline ISS stage I and female
gender (Figure 2), although these differences were determined to be statistically nonsignificant.

Safety

The mean dose per patient was 23.1 mg/m2, and the median dose per patient was 23.5 mg/m2, which
resulted in a median relative dose intensity of 92%. The majority of patients received ≥80% of their
planned dose and more than half of the patients received ≥90% of their planned dose. The median time
on study was 3.0 months (range 0.03–16.9) and the median cumulative dose of carfilzomib was 470
mg/m2 (range 20–2647). Doses of dexamethasone administered during the study ranged from 4–26
mg/28-day cycle.

AEs most frequently associated with treatment discontinuation were hypercalcemia (n=6) associated
with progressive disease (in 5 of 6 patients), congestive heart failure, cardiac arrest, dyspnea,
pneumonia, and spinal cord compression (n=4 each), and increased serum creatinine (n=3). However,
there was no evidence of cumulative toxicity with successive cycles of treatment throughout the course
of this study, or in those patients who continued to receive treatment under the extension protocol (PX171-010).34, 35 AEs led to at least 1 dose level reduction in 17.7% of patients, 2 dose level reductions in
5.6% of patients, and dose delays in 21.4%. Twenty-four patients (9%) died on study or within 30 days
after their last dose – this includes the 6 patients who died within the first 2 dosing cycles mentioned
above under Disposition of Patients; 12 (4.5%) died from causes related to PD and 11 (4.1%) as a result
of an AE (cardiac arrest [n=3], hepatic failure [n=2], acute coronary syndrome secondary to PD [n=1],
13
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dyspnea [n=1], intracranial hemorrhage [n=1], pneumonia [n=1], sepsis [n=1], and sepsis secondary to
PD [n=1]). In 5 patients (2%), the cause of death (cardiac arrest [n=2], dyspnea, hepatic failure, and
unknown cause [n=1 each]) was deemed possibly or probably related to carfilzomib treatment.

The most common treatment-emergent AEs were fatigue (49%) and anemia (46%), and the most
common Grade 3/4 AEs were thrombocytopenia (29%) and anemia (24%). The most common AEs of any
grade possibly related to carfilzomib were fatigue (37%) and nausea (34%) (Table 3). Gastrointestinal
symptoms, while common, were mild and manageable with routine supportive care. Fatigue and
hematologic AEs were not dose-limiting or common reasons for discontinuation. Dyspnea was also seen
in 34% of patients, although only half of these events (17%) were considered to be related to carfilzomib
and only 3% were of Grades 3/4. In general, dyspnea tended to be transient, did not increase with
cumulative exposure and was not associated with progressive lung injury. No particular cardiac AE
occurred at an incidence of greater than 5 percent; 10 patients (3.8%) receiving carfilzomib experienced
congestive heart failure, 4 (1.5%) had cardiac arrest, and 2 (0.8%) had myocardial infarction during the
study. Febrile neutropenia, another AE often of major concern in the setting of relapsed/refractory MM,
had very low incidence (<1% for events of any grade).

In this study, the most frequently reported renal AE was increased serum creatinine (25%). The majority
of these events were Grade 1 or 2 in severity and none led to discontinuation of carfilzomib. Acute renal
failure was reported in 13 patients (5%), 9 of whom experienced serious Grade 3 acute renal failure.
These acute renal failure events either resolved or stabilized with study drug interruption (n=4), dose
reduction (n=1), discontinuation (n=2), or no change in study drug dosing (n=3). Chronic renal failure

14

From bloodjournal.hematologylibrary.org by guest on December 26, 2012. For personal use only.

was reported in 10 patients (3.8%), with 3 of these events considered serious, and 2 resulting in
discontinuation of carfilzomib.

At baseline, 77% of patients had Grade 1/2 neuropathy, but only 33 patients (12.4%) experienced newonset or worsening of pre-existing PN (defined as any event of neuropathy, peripheral neuropathy,
peripheral sensory neuropathy, and peripheral motor neuropathy). Grade 3 PN occurred in 3 patients
(1.1%), all of whom had Grade 1 neuropathy at baseline. In 2 of these patients the neuropathy resolved
with study drug interruption, and the third patient completed the study with no changes to the study
medication. PN (all grades) was considered related to treatment in 22 patients (8.3%) and related to
disease progression in the remaining 11. No patients experienced Grade 4 PN or were discontinued from
study.

Discussion
With an ORR of 23.7%, a CBR rate of 37.0%, a median DOR of 7.8 months, and an OS of 15.6 months,
responses to single-agent carfilzomib in this group of heavily pretreated patients (most of whom had
received prior bortezomib, an immunomodulatory agent, corticosteroids, and an alkylating agent) are
notable. The OS is particularly impressive as 73% of patients had disease refractory to bortezomib and
80% were refractory or intolerant to both bortezomib and lenalidomide. A median OS of 9 months is
typically seen for similar patients in late-line settings.36 Additionally, there was a high rate of
concordance between IRC and investigator assessment of responses. While the rate of CRs achieved in
this study (0.4%) appears low, complete responses are rare in populations of patients with refractory
myeloma.30 This may likely be due to the exposure of the majority of the present study population to
nearly all available approved anti-MM agents, especially the most effective agents, bortezomib and
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lenalidomide.30, 37, 38 Notably, very high CR rates have been achieved in trials conducted with carfilzomibbased regimens in the frontline disease setting, lending further support to this hypothesis.39-41

Both the ORR and the overall PFS were heavily impacted by the significant proportion (36.5%) of
patients discontinuing therapy during the first 2 treatment cycles, including 22.9% due to PD.
Interestingly, this was also observed in the phase 2 pilot study PX-171-003-A0.26 In the case of PX-171003-A1, this likely was due in part to the application of the IMWG response criteria, and a study design
calling for 2 assessments of response as early as Day 15 of Cycle 1 and Day 1 of Cycle 2 (day 29 on
study). The early response assessments were intended to provide a measure for evaluating the time to
achieve a first response, but in a study requiring PD at study entry, this may have led to premature
determinations of disease progression in Cycles 1 and 2. Almost all patients were experiencing rapid
disease progression when they entered the study and this progression could likely not be arrested by
carfilzomib at 20 mg/m2. All patients who discontinued from the study during Cycles 1 and 2 due to
progressive disease were permitted to seek other treatment. In subsequent studies the dosing regimen
has been amended to escalate the dose of carfilzomib on Day 8 of Cycle 1 rather than waiting until Day 1
of Cycle 2 in order to provide the patient with the higher dose of 27 mg/m2. The doses of
dexamethasone administered were similar between responders and non-responders. Furthermore, no
pattern of increased dexamethasone use was observed in responding patients, nor was there evidence
of increasing dexamethasone use as the number of carfilzomib doses increased.

In the pilot study PX-171-003-A0, carfilzomib at 20 mg/m2 achieved an ORR of 16.7% and CBR of 23.8%
in a similar patient population.26 A subsequent multivariate analysis based on this and other studies
demonstrated an apparent dose response to carfilzomib in patients with MM, with the 20 mg/m2 dose
at the lower end of the effective range.42 The ORR of 23.7% and 37.0% CBR achieved in this study with
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From bloodjournal.hematologylibrary.org by guest on December 26, 2012. For personal use only.

carfilzomib at 27 mg/m2 support this observation. Ongoing and future studies evaluating earlier
escalation to 27 mg/m2 on Day 8 rather than at Cycle 2, or higher doses of carfilzomib administered
using adjusted dosing schedules may have an impact on these parameters of response in similar patient
populations.43

The rates and durations of response to carfilzomib were not significantly affected by most high-risk
disease factors, including unfavorable cytogenetic status, age, and ISS staging where rapid relapses and
aggressive disease are hallmark.44 Although there were trends toward slightly greater response rates in
patients with baseline ISS stage I and female gender, the 95% CIs overlapped as with the other factors,
indicating a lack of statistically significant effects. These findings are notable as they suggest that
carfilzomib could be used in broad patient populations in the relapsed refractory setting, including
patients with renal impairment, unfavorable cytogenetic abnormalities, and advanced age. Other
studies likewise support the use of carfilzomib in patients traditionally considered to be at higher risk,
including those with substantial renal impairment.34

Hematologic AEs are common in patients with refractory MM,45 and this protocol allowed patients to
enter the study with NCI-CTC Grade 2 anemia, neutropenia, and thrombocytopenia as phase 1 studies
with carfilzomib had shown minimal effects on these parameters. Although these hematologic events
were commonly observed with carfilzomib treatment, they were infrequently dose limiting and the
severity was low with respect to conventional chemotherapy.37, 46 Thrombocytopenia was transient and
consistent with proteasome inhibition of platelet budding observed with bortezomib.46 In addition,
severe myelosuppression was uncommon and could be managed by dose interruption or reduction
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and/or growth factor support. Clinically significant Grade 3/4 cytopenias were likewise infrequent and
transient.

Treatment-emergent PN was uncommon, occurring in 12.4% of patients overall—much less than with
thalidomide47 and substantially better than the 38% seen in the recent study evaluating subcutaneous
bortezomib.48, 49 Up to 53% of patients receiving bortezomib48-50 and >70% of patients receiving
thalidomide47 experience treatment-related PN of any grade, which is cumulative and may be doselimiting. These findings are supported by carfilzomib’s lack of neurodegeneration in vitro, and less
neurotoxicity in animal studies.20, 21 The low incidence of new-onset or of worsening PN suggests that
carfilzomib may be better tolerated by patients who previously experienced PN with other antimyeloma therapies.

Other non-hematologic AEs including gastrointestinal events (eg, nausea and vomiting) and
constitutional symptoms (eg, fatigue), although frequent, were often mild and non–treatment-limiting.
Additional AEs commonly of concern in analogous patient populations, such as renal impairment and
acute renal failure, occurred infrequently and were primarily mild to moderate in severity. Of the acute
renal failure or renal failure events that qualified as serious AEs, the majority were attributable to
disease progression and only 5 were considered to be possibly or probably related to carfilzomib. In a
cross-trial analysis of 526 patients from PX-171-003-A0, PX-171-003-A1, PX-171-004, and PX-171-005,
treatment-emergent renal events resulting in carfilzomib discontinuation were uncommon.51 Mild to
moderate dyspnea was seen in roughly one-third of patients, although it most often occurred early in
the course of treatment and either spontaneously resolved without intervention or was readily
manageable with 4 mg of dexamethasone as premedication and/or dose reduction when not associated
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with underlying disease such as respiratory infections, congestive heart failure or COPD. The precise
etiology of the dyspneic events remains to be more fully elucidated. The rate of cardiac AEs observed
during this study was not greater than that expected in a population of patients with advanced stage
MM nor was it greater than previously observed in other studies in MM.30, 37 This may be a class effect of
proteasome inhibitors, as bortezomib has been associated with heart failure events.52 However, this
would be more appropriately addressed in the setting of the larger randomized studies of carfilzomib.
Interestingly, while carfilzomib and bortezomib displayed similar cardiovascular toxicity profiles in
animals at the maximum tolerated doses, cardiotoxicity was not a DLT in humans for either drug (Onyx
data on file). No cumulative toxicities, including cardiac events, were observed up to 12 cycles in this
study, suggesting that prolonged carfilzomib administration for long-term control of MM may be
feasible.

After completing 12 cycles of carfilzomib, 31 patients continued into extension protocol PX-171-010 and
10 remain on study as of July 12, 2012. Additionally, of 9 patients who chose not to enroll in PX-171-010,
2 patients continued in response with no new chemotherapy. Both findings are quite notable and
further demonstrate that prolonged administration of carfilzomib without cumulative toxicities is
possible and highlight that carfilzomib treatment may lead to long-term remission. Further results and
implications from the extension study will be presented in a future publication.

In conclusion, treatment with carfilzomib produced clinically significant responses with an acceptable
safety profile in heavily pretreated patients with relapsed and refractory MM. Given the limited number
of therapeutic options available to patients with advanced-stage MM and the diminished prospects for
retreatment once an agent has been utilized, there is significant need in this patient population.6, 53, 54
The activity of single-agent carfilzomib, even at the lower doses tested in this population, and the
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apparent lack of cross-resistance in patients with bortezomib- and immunomodulator-refractory
disease, underscore the potential for using carfilzomib in treatment of patients with relapsed and
refractory MM. The low rates and mild severity of myelosuppression and neuropathy in this study and
prior phase 1 experience with carfilzomib are encouraging and strongly suggest its potential for use in
conjunction with other effective antimyeloma agents without substantial risk of serious overlapping
toxicities.55 The ongoing international, randomized, multicenter phase 3 ASPIRE trial is comparing
lenalidomide plus low-dose dexamethasone with or without carfilzomib in patients who have received
1–3 prior regimens for relapsed MM. The results of this and other ongoing studies should provide insight
into optimal use of carfilzomib in all patients with MM.
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Tables
Table 1. Baseline Demographics and Clinical Characteristics (N=266)
Characteristic

Age, median (range), years
Male, n (%)
Ethnicity, n (%)
African American
Asian/Pacific Islander
Caucasian
Hispanic
Other
Time from diagnosis, median (range), years
Immunoglobulin (Ig) class heavy chain, n (%)
IgG
IgA
IgD
Light chain only or not specified
International Staging System stage, n (%)
I
II
III
ECOG performance status, n (%)
0
1
2
Cytogenetic/FISH prognostic markers, n (%)
Normal/favorable
Unfavorable
Unknown/not done
Peripheral neuropathy, n (%)*
0
1
2
Creatinine clearance, median (range), mL/min
Serum β2-microglobulin, median (range),† mg/L
Prior lines of therapy, median (range)
≥4, n (%)
Refractory to last regimen
Progressive disease on therapy
Progressive disease within 60 days
25% response or less
Prior agents, median (range)
Bortezomib, n (%)‡
In most recent prior regimen, n (%)
Immunomodulatory agent, n (%)

Value

63 (37–87)
155 (58)
53 (20)
6 (2)
190 (71)
10 (4)
7 (3)
5.4 (0.5–22.3)
193 (73)
45 (17)
2 (1)
26 (10)
76 (29)
102 (38)
81 (31)
69 (26)
162 (61)
35 (13)
159 (60)
75 (28)
32 (12)
60 (23)
178 (67)
28 (11)
70 (16–203)
4.3 (0.4–20.5)
5 (1–20)
217 (82)
198 (74)
38 (14)
16 (6)
13 (3–45)
265 (99.6)
132 (50)
266 (100)
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Characteristic

Value

Lenalidomide, n (%)
249 (94)
Thalidomide, n (%)
199 (75)
Pomalidomide, n (%)
9 (3)
Corticosteroid, n (%)
261 (98)
Alkylating agent, n (%)
246 (92)
Stem cell transplant, n (%)
198 (74)
Anthracycline, n (%)
171 (64)
ECOG, Eastern Cooperative Oncology Group; FISH, fluorescence in situ hybridization.
*Based on physical assessment at screening (NCI-CTC scale).
†
n=259.
‡
One patient who had not received prior bortezomib was enrolled. The deviation from the inclusion
criteria was discovered after the patient had initiated treatment.
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Table 2. Best Overall Responses (n=257*)
All patients
(n=257)

Patients with unfavorable
cytogenetic/FISH markers (n=71)

Response category, n (%)
Complete response
1 (0.4)
0 (0)
Very good partial response
13 (5.1)
3 (4.2)
Partial response
47 (18.3)
18 (25.4)
Minimal response
34 (13.2)
3 (4.2)
Stable disease
81 (31.5)
28 (39.4)
Progressive disease
69 (26.8)
15 (21.1)
Not evaluable
12 (4.7)
4 (5.6)
Overall response, n (%)
61 (23.7)
21 (29.6)
95% CI
18.7–29.4
19.3–41.6
Clinical benefit rate, n (%)
95 (37.0)
24 (33.8)
95% CI
31.1–43.2
23.0–46.0
Progression-free survival, median
3.7 (2.8–4.6)
3.6 (2.3–4.6)
(95% CI), months
Duration of response, median (95%
7.8 (5.6–9.2)
6.9 (3.7–8.5)
CI), months†
3.0 (0.03–16.9)
3.6 (0–11.1)
Treatment duration, mean (range),
months‡
CI, confidence interval; PN, peripheral neuropathy.
*
Response-evaluable population
†
Calculated for patients with partial response or better.
‡
Prior to the opening of the extension study (PX-171-010), individual protocol exceptions were granted
for 7 patients to continue receiving treatment beyond 12 cycles.
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Table 3. Incidence and Severity of Treatment-emergent Adverse Events (≥25%) and Carfilzomibrelated Adverse Events (N=266)

All grades
n (%)

*

Adverse event

Grades 3 or 4
n (%)

*

All grades
carfilzomibrelated†
n (%)

Hematologic
Anemia
122 (46)
63 (24)
59 (22)
Thrombocytopenia
103 (39)
77 (29)
77 (29)
Lymphopenia
62 (23)
52 (20)
44 (17)
Neutropenia
48 (18)
29 (11)
40 (15)
Leukopenia
37 (14)
18 (6.8)
31 (12)
Non-hematologic
Fatigue
130 (49)
20 (7.5)
98 (37)
Nausea
119 (45)
5 (1.9)
90 (34)
Dyspnea
90 (34)
9 (3.4)
45 (17)
Diarrhea
86 (32)
2 (0.8)
64 (24)
Pyrexia
83 (31)
4 (1.5)
40 (15)
Headache
74 (28)
5 (1.9)
46 (17)
Upper respiratory tract infection
71 (27)
12 (4.5)
15 (5.6)
Increased serum creatinine
67 (25)
7 (2.6)
44 (17)
Other events of clinical interest
Vomiting
59 (22.2)
2 (0.8)
44 (16.5)
Peripheral neuropathy‡
33 (12.4)
3 (1.1)
22 (8.3)
Hypophosphatemia
32 (12.0)
16 (6.0)
19 (7.1)
Pneumonia
32 (12.0)
25 (9.4)
13 (4.9)
Hyponatremia
31 (11.7)
22 (8.3)
13 (4.9)
Renal failure (acute)
13 (4.9)
9 (3.4)
4 (1.5)
Febrile neutropenia
2 (0.8)
2 (0.8)
2 (0.8)
Tumor lysis syndrome
1 (0.4)
0 (0)
0 (0)
*
Irrespective of cause.
†
≥10% incidence; considered to be probably or possibly related to study drug.
‡
Grouped PN included all events of neuropathy, peripheral neuropathy, peripheral sensory neuropathy,
and peripheral motor neuropathy.
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Figure legends

Figure 1. Progression-free survival (A) and overall survival (B) in response evaluable patients (n=257)
treated with single-agent carfilzomib.

Figure 2. Responses according to demographic and baseline disease characteristics.
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Figure 1. Progression-free survival (A) and overall survival (B) in response evaluable patients (n=257)
treated with single-agent carfilzomib.
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Figure 2. Responses according to demographic and baseline disease characteristics.
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