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The Applicant will   conduct a randomized controlled trial per Protocol 2011-003, as 
finalized, to compare carfilzomib plus dexamethasone with bortezomib plus 
dexamethasone in a population of patients with multiple myeloma, whose disease has 
relapsed after at least 1 but not more than 3 prior therapies, to assess the efficacy and 
safety of carfilzomib.  The estimated sample size is 900, and will balance known 
important prognostic factors, to test for superiority of carfilzomib on the basis of the 
primary endpoint of progression free survival as determined by an independent review 
committee blinded to the treatment given. 
 
PMR 2: Cardiac Safety Trial 
Cardiac dysfunction is common in heavily pretreated multiple myeloma patients. 
Adverse events associated with cardiac dysfunction have been observed with 
carfilzomib, and the safety of carfilzomib in the relapsed multiple myeloma population is 
not well characterized.  
 
Therefore, the Applicant will conduct a randomized clinical trial in patients receiving 
carfilzomib to identify and characterize the cardiac events associated with carfilzomib. 
FDA suggests that the Applicant consider doing this study as a sub-study within the 
proposed Protocol 2011-003, or the Applicant may propose a separate trial with this 
safety objective. The primary objective is to compare changes in cardiac function 
between the group receiving carfilzomib and a control group not receiving carfilzomib, in 
a parallel group trial. 
 
If the Applicant chooses to add this sub-study to the proposed protocol, the study 
protocol must require a resting ECG and a baseline transthoracic ECHO to assess 
LVEF on all patients. If transthoracic ECHO is not available at some sites, MUGA will be 
acceptable for baseline screening of LVEF evaluation. A subset of patients from both 
study treatment arms should be assessed for LVEF and right ventricular function with 
transthoracic ECHO periodically throughout study treatment and at the time of the End-
of-Treatment visit, using similar test procedures and equipment to allow serial intra-
patient comparisons. This subset of patients must include a minimum of 100 patients 
and a maximum of 300 patients (50 to 150 patients per treatment arm). Specific details 
regarding the interpretation of LVEF changes in the subset of patients must be pre-
specified and outlined in the SAP for this sub-study. Readers of the ECHOs must be 
blinded to the treatment arm. 
 
In addition, any patient who has a cardiac adverse event that is considered a clinically 
significant adverse event must have an ECHO performed to assess left ventricular (LV) 
and right ventricular (RV) function as part of the evaluation of that adverse event; this 
applies to all patients enrolled in the study. 
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PMR 3: Pulmonary Safety Trial 
 
Pulmonary toxicities have been observed with carfilzomib but they are not well 
characterized. 
 
Therefore, the Applicant will conduct a randomized clinical trial in patients receiving 
carfilzomib to identify and characterize the pulmonary toxicities associated with 
carfilzomib. The primary objective is to compare pulmonary toxicities between the group 
receiving carfilzomib and a control group not receiving carfilzomib, in a parallel group 
trial. This could be done within the proposed Protocol 2011-003 as a sub-study or as a 
separate study. If performed as a sub-study of protocol 2011-003, this baseline exam 
must be obtained on all patients enrolled in that trial, during screening, and to serve as 
the baseline ECHO for later comparisons on all patients. This study must include a 
baseline transthoracic ECHO to estimate the pulmonary artery pressures and to assess 
right ventricular size, thickness, and function. Subsequently, a subset of patients from 
both treatment arms should be assessed periodically for pulmonary artery pressures 
and right ventricular function with repeat transthoracic ECHO throughout study 
treatment and at the time of the End-of-Treatment visit, using similar test procedures 
and equipment to allow serial intra-patient comparisons. Emergent pulmonary toxicities 
must be further characterized in all patients receiving carfilzomib, to include time course 
of onset and resolution, oximetry and/or blood gases, and consultation with a pulmonary 
specialist when available to provide further documentation of the nature of the emergent 
condition. The Applicant must document the response to oxygen supplementation and 
other treatment measures. 
 
A minimum of 100 patients and a maximum of 300 patients are necessary (50 to 150 
patients per treatment arm). The Applicant must pre-specify how comparisons will be 
performed for changes between the two groups for outcomes related to pulmonary 
hypertension, right ventricular function, and clinical pulmonary safety events. 
Additionally, any patient who has a cardiac or pulmonary adverse that is considered a 
clinically significant adverse event, must have a follow up ECHO at the time of the event 
to assess LV, RV, and pulmonary artery function. This evaluation is for all patients 
enrolled in the study. 
 
Clinical Pharmacology PMRs 
Clinical Pharmacology PMR 1: Hepatic Impairment Study 
 
The Applicant must conduct a clinical trial in patients with hepatic impairment to assess 
safety and pharmacokinetic (PK) characteristics of carfilzomib. The number of patients 
enrolled in the study should be sufficient to detect PK differences that would warrant 
dosage adjustment recommendations in the labeling. The duration of the study should 
be sufficient (several cycles) to reasonably characterize potential safety issues. The PK 
sampling scheme should be optimal to accurately estimate relevant PK parameters for 
the parent drug. A data analysis plan must be included in the protocol. 
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Clinical Pharmacology PMR 2: Renal Impairment Study 
Since the renal impairment study was conducted using carfilzomib doses of 15/20 
mg/m2 given intravenously over 2 – 10 minutes and since this dosing regimen may not 
necessarily produce clinical responses at the level that would be seen with higher 
doses, evaluate the PK, safety, and efficacy of carfilzomib in patients with varying 
degrees of renal impairment following the administration of carfilzomib when given as a 
30 minute intravenous infusion at a sufficient dose level that will likely produce 
comparable exposure and clinical response to those patients without renal impairment 
that receive carfilzomib doses of 20/56 mg/m2 using the 30 minute infusion as planned 
in the upcoming phase 3 trial Protocol number 2011-003. The Applicant must collect PK 
samples following carfilzomib doses of 56 mg/m2 or the highest clinical dose in the 
protocol.  

2 Introduction and Regulatory Background 

2.1 Product Information 

Carfilzomib is a tetrapeptide epoxyketone (Figure 1) that is a potent, long-acting and 
selective second-generation proteasome inhibitor. The chemical name is (2S)-N-((S)-1- 
((S)-4-methyl-1-((R)-2-methyloxiran-2-yl)-1-oxopentan-2 ylcarbamoyl)-2-phenylethyl)-2- 
((S)-2-(2-morpholinoacetamido)-4 phenylbutanamido)-4-methylpentanamide. The 
molecular formula is C40H57N5O7 and the molecular weight is 719.91. Carfilzomib 
specifically functions as an inhibitor of the chymotrypsin-like activity of the 20s 
proteasome leading to the accumulation of protein substrates within the cell and 
induction of apoptosis. 
 

Figure 1. Structure of carfilzomib (excerpted from the NDA submission) 
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3.3 Financial Disclosures 

The applicant has adequately disclosed financial arrangements with clinical 
investigators as recommended in the guidance for industry Financial Disclosure by 
Clinical Investigators. These arrangements do not raise questions about the integrity of 
the data. 

4 Significant Efficacy/Safety Issues Related to Other Review 
Disciplines 

4.1 Chemistry Manufacturing and Controls 

None. 

4.2 Clinical Microbiology 

None. 

4.3 Preclinical Pharmacology/Toxicology 

Significant cardiac, gastrointestinal, renal and pulmonary toxicities were observed in 
rats and monkeys receiving a 20 second intravenous bolus injection of carfilzomib. 
Monkeys administered a single intravenous bolus dose of carfilzomib at 3 mg/kg 
(approximately 1.3 times the recommended dose in humans of 27 mg/m2 based on total 
body surface area) experienced hypotension, increased heart rate, and increased 
serum levels of troponin-T. The repeated intravenous bolus administration of carfilzomib 
at ≥ 2 mg/kg/dose in rats and 2 mg/kg/dose in monkeys using dosing schedules similar 
to those used clinically, resulted in mortalities that were due to toxicities occurring in the 
following systems: 

 Cardiovascular (cardiac failure, cardiac fibrosis, pericardial fluid accumulation, 
cardiac hemorrhage/degeneration), 

 Gastrointestinal (necrosis/hemorrhage), 
 Renal (glomerulonephropathy, tubular necrosis, dysfunction), and 
 Pulmonary (hemorrhage/inflammation). 

 
Following repeated bolus intravenous administration in monkeys at  ≥ 1 mg/kg/dose, 
cardiovascular toxicities included myocardial degeneration, myocyte hypertrophy and 
inflammation. Other toxicities noted in rats included thrombocytopenia and an acute 
phase response. Many of these toxicities observed in non-clinical studies were the 
same ones observed in clinical studies. 
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The dose of 2 mg/kg/dose in rats resulted in systemic exposures (AUCs) approximately 
40% of those observed in patients who received 27 mg/m2 of carfilzomib twice weekly 
for two weeks. 
 
The non-clinical safety studies in rats and monkeys were conducted with bolus 
intravenous injections of carfilzomib (usually over 20 seconds), while in the Applicant’s 
primary efficacy study (Study 3), carfilzomib was administered as an intravenous bolus 
injection over 2 to 10 minutes. In an attempt to further reduce the toxicities observed in 
rats with the twice weekly bolus administration (dosing was on consecutive days; i.e., 
days 1, 2, 8, 9, 15, 16, etc.), a series of studies was conducted in rats comparing the 
pharmacodynamics, pharmacokinetics and toxicities of intravenous carfilzomib 
administered as a bolus injection, a 10-minute infusion or a 30-minute infusion in order 
to investigate the potential for reducing drug-related toxicities by reducing the peak 
serum concentrations. The Cmax and significant toxicities in rats, including death, pre-
renal azotemia (elevated blood urea nitrogen and creatinine), lethargy, and dyspnea 
observed following a single bolus (over 20 seconds) injection of 8 mg/kg carfilzomib 
were reduced when the same dose was administered as a 30-minute infusion, while a 
similar level of proteasome inhibition was maintained. 

4.4 Clinical Pharmacology 

The Applicant did not conduct a human Absorption, Distribution, Metabolism, Excretion 
(ADME) study; instead, excretion data were available from a rat study. The rat excretion 
study showed that 30.5% of the administered drug undergoes biliary elimination while 
about 26% of the administered drug is eliminated by the kidneys. 
 
The Applicant conducted a renal impairment study where the pharmacokinetic (PK) and 
safety of carfilzomib were evaluated in patients with normal renal function and those 
with mild, moderate, and severe renal function and patients on chronic dialysis following 
carfilzomib doses of 15 mg/m2 during Cycle 1, 20 mg/m2 during Cycle 2, and 27 mg/m2 
during Cycles 3 and beyond. The Cmax and AUC of carfilzomib were similar across all 
renal function categories following carfilzomib doses of 15 and 20 mg/m2.  PK data were 
not available for the proposed 27 mg/m2 dose. The mean treatment duration for all renal 
function categories was 5.5 months. The safety profile of carfilzomib was similar across 
all renal function categories. 
 
Pharmacokinetic data were available from 85 patients who took part in the primary 
efficacy Phase 2 trial in patients with multiple myeloma. Exposure-response analyses 
for efficacy showed that increasing doses did not result in increased efficacy. There 
were not sufficient data to conduct exposure-response analysis for liver toxicity. 
 
An in vitro study showed carfilzomib to be a moderate CYP3A4 inhibitor. To confirm 
these in vitro PK findings, a human PK study was conducted in cancer patients following 
the administration of the CYP3A4 substrate midazolam in the absence and presence of 
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to be carfilzomib 15 mg/m2 given in a regimen of once-daily x 2 for 3 weeks in a 4-week 
cycle. The MTD for carfilzomib was not reached. 
 
Part 2 
Eleven patients entered the dose expansion phase of Study PX-171-002: 7 patients 
were treated with a starting dose of 20/27 mg/m2, and 4 were treated with a starting 
dose of 20/27 mg/m2 with dexamethasone. On the basis of this trial, a dose of 20 mg/m2 
followed by a dose of 27 mg/m2 (“the step up program”) was recommended for future 
studies in patients with advanced hematologic malignancies to reduce adverse events 
associated with carfilzomib infusion. 
 
No additional efficacy was observed with addition of low-dose dexamethasone (40 
mg/week; 120 mg/28-day cycle), either upon examination of the patients who received 
carfilzomib + dexamethasone beginning with the first dose in Cycle 1 Day 1 or of the 1 
patient with stable disease in whom dexamethasone was added on Cycle 3 Day 1. One 
patient (2-01-027) out of 4 receiving carfilzomib + dexamethasone experienced a drug-
related serious adverse events (SAE) (hypoxia) as well as 3 AEs that were considered 
to be dose limiting toxicities (DLTs); these consisted of Grade 3 elevations in alkaline 
phosphatase and liver transaminases (ALT and AST). No patient receiving single-agent 
carfilzomib experienced an adverse event (AE) considered to be a DLT. 
 
Phase 1b and Phase 2 Studies 
Study PX-171-003 
Study PX-171-003 contains the primary efficacy study of carfilzomib in patients with 
relapsed and refractory multiple myeloma who had received prior bortezomib and an 
IMiD agent. Study PX-171-003 was an open-label, multi-center study (PX-171-003) of 
the safety and efficacy of carfilzomib that was presented in 2 clinical study reports 
(CSRs).  
 
PX-171-003 – Part 1 (A0) (46 patients) describes the completed initial portion of this 
protocol prior to Amendment l, and CSR PX-171-003 – Part 2 (A1) (266 patients) 
describes the post Amendment 1 key portion of the study that provides the key data. 
These 2 study reports include similar patient populations: patients with multiple 
myeloma who had received at least 2 prior therapies (including bortezomib and a 
thalidomide/thalidomide analog), and demonstrated no response or disease progression 
on or within 60 days of their most recent therapy. Carfilzomib was administered as an IV 
bolus infusion over 2 to 10 minutes twice weekly for 3 weeks followed by a 12-day rest 
period (28-day treatment cycle) for a maximum of 12 cycles.  
 
In Study Report PX-171-003 A0, carfilzomib was administered in doses of 20 mg/m2 
throughout (although 3 patients were permitted to dose escalate to 27 mg/m2 in later 
cycles). In Study Report PX-171-003, carfilzomib was administered in what has been 
referred to as the “step-up” program or the 20/27 regimen, in which carfilzomib was 
given at 20 mg/m2 in Cycle 1 and then at 27 mg/m2 for subsequent cycles. 
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The primary endpoint of Study Report PX-171-003 A1 was over all response rate 
(ORR), as determined by an Independent Review Committee (IRC), in the Response 
Evaluable Population. The study was pre-specified to be successful if the lower 
boundary of the 2-sided 95% confidence intervals (CI) of the ORR was > 10%.  
 
Study PX-171-004 
Study PX-171-004 was a multicenter, open-label, single-arm trial in patients with 
multiple myeloma who had relapsed or refractory disease after at least 1, but no more 
than 3 prior therapeutic treatments or regimens. Study PX-171-004 is described in 2 
CSRs. PX-171-004 – Part 1 describes results of carfilzomib treatment in bortezomib 
treated patients (N=35) and CSR PX-171-004 – Part 2 describes results of carfilzomib 
treatment in bortezomib-naïve patients (N=127). The primary endpoint of the study was 
ORR, as determined by IRC assessment, in the Response Evaluable Subset. 
 
Study PX-171-005 
Study PX-171-005 was designed to further characterize the safety and dosing of 
carfilzomib in patients with multiple myeloma who had baseline renal impairment. Study 
PX-171-005 was initiated in 5 cohorts of patients: one cohort consisting of patients with 
decreased creatinine clearance (CrCl), 1 cohort consisting of patients with normal CrCl, 
and 1 cohort of patients on hemodialysis. Carfilzomib was administered using a dose of 
15 mg/m2 on the once a day (QD) x 2 schedule, with an option for dose escalation to 20 
mg/m2 or 27 mg/m2 in subsequent cycles as tolerated.  
 
PX-171-005 is an ongoing Phase 2, open-label, single-arm, multicenter study designed 
to assess the influence of renal impairment on the PK of carfilzomib in patients with 
multiple myeloma who had relapsed or progressive disease (PD) after at least 1 
(original protocol) or 2 (following protocol Amendment 1) prior therapeutic treatments or 
regimens. Five groups of multiple myeloma patients, representing different levels of 
renal function based on the Cockcroft-Gault formula, were evaluated, as follows: 

 Group 1: Patients with CrCl > 80 mL/minute (Normal) 
 Group 2: Patients with CrCl between 50–80 mL/minute (Mild impairment) 
 Group 3: Patients with CrCl between 30–49 mL/minute (Moderate impairment) 
 Group 4: Patients with CrCl < 30 mL/minute (Severe impairment) 
 Group 5: Patients undergoing chronic hemodialysis (Dialysis) 

Although the study is ongoing, the PK, pharmacodynamic (PDn), metabolite, protein 
binding, and electrocardiogram (ECG) analyses have been completed. 
The primary endpoint of the study was the slope of the regression of clearance against 
CrCl at Cycle 1, Day 1 and Day 15. Additionally, ORR, clinical benefit rate CBR, 
duration of response DOR, progression-free survival (PFS), time to progression TTP 
and OS were analyzed in the Response Evaluable Population. 
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Study PX-171-006 
Study PX-171-006, initiated in May 2008, is an ongoing Phase 1b trial to assess safety 
and preliminary efficacy of the combination of carfilzomib, lenalidomide, and low-dose 
dexamethasone (40 mg/week) (CRd), with both carfilzomib (given at 15, 20, or 20/27 
mg/m2) and lenalidomide escalated in sequential cohorts in patients with relapsed 
multiple myeloma. The primary endpoint is to evaluate safety and the MTD and/or a 
protocol-defined dose below the MTD of carfilzomib with lenalidomide and 
dexamethasone if an MTD is not determined in patients with relapsed multiple 
myeloma. The secondary efficacy endpoints include ORR, DOR, PFS, and TTP. 
 
In an interim analysis of 40 patients (of a total of 84 patients enrolled) on 25 February 
2011, the MTD had not been reached (Interim CSR for Study PX-171-006). Also, the 
ORR was 61.5% [95% CI: 44.6, 76.7] and the median DOR in the 24 patients who 
achieved PR or better was 9.7 months (95% CI: 5.6, 13.8). The CBR was 74.4% (95% 
CI: 57.9, 87.0).  
 
Based on findings from the dose-escalation phase of Study PX-171-006, pivotal Phase 
3 registration trial, Study PX-171-009, was initiated in July 2010 at approximately 200 
centers in the US, Canada, the European Union, and Eastern Europe. This trial was a 
randomized comparison of lenalidomide and dexamethasone with or without 
carfilzomib. 
 
Study PX-171-007 
Study PX-171-007 is an additional study evaluating carfilzomib as monotherapy in 
patients with multiple myeloma. Study PX-171-007 was initiated in September 2007 and 
is an ongoing open-label, multicenter study of carfilzomib in patients with relapsed and 
refractory multiple myeloma, relapsed solid tumors, or refractory lymphoma. This Phase 
1b/2 study is an ongoing, open-label, multicenter study in which 
patients with solid tumors, multiple myeloma (added in Amendment 2), or lymphoma 
(added in Amendment 3, implemented after the data cutoff date for inclusion in the ISS) 
whose disease relapsed after conventional therapy. Carfilzomib was assessed as a 2- 
to 10-minute IV bolus infusion (for doses of carfilzomib up to and including 36 mg/m2 
dose, or as a 30-minute IV infusion (added with Amendment 2) for doses above 36 
mg/m2 per dose. 
 
The primary objectives of this ongoing study are as follows: 

 Phase 1b (2- to 10-minute and 30-minute IV injections): to evaluate the safety 
and tolerability of carfilzomib in patients with relapsed solid tumors, relapsed 
and/or refractory multiple myeloma, or refractory lymphoma. 

 Phase 2 (2- to 10-minute IV injection): to estimate the ORR after 4 cycles of 
carfilzomib in patients with relapsed solid tumors 

 
A total of 30 patients with multiple myeloma and 120 patients with diseases other than 
multiple myeloma, were enrolled as of 01 July 2011 in Study PX-171-007. As of 01 July 
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2011, a total of 153 patients have been enrolled. IV carfilzomib was initially 
administered over 2–10 minutes; under Amendment 2, the mode of administration was 
changed to IV administration over 30 minutes for subsequent patients, based on animal 
studies that showed less toxicity with prolonged administration of higher doses.  
 
Study PX-171-007 also includes an earlier escalation of carfilzomib dose (ie, 20 mg/m2 
on Cycle 1, Days 1 and 2 only, followed by a dose of 27 mg/m2 for the remainder of 
treatment). Efficacy endpoints include determination of the MTD, ORR, DOR, PFS, and 
TTP. The interim CSR for PX-171-007 that is contained within the application includes 
safety data only for the 79 patients with solid tumors who were treated with IV 
administration over 2–10 minutes; results in patients receiving IV carfilzomib over 30 
minutes will be reported separately. The Applicant intends to further study carfilzomib 
administration over 30 minutes in future trials, but currently does not seek a label for this 
regimen. 
 
Study PX-171-008 
Study PX-171-008 is an open-label, Phase 1b, non-randomized, fixed-sequence study 
in patients with solid tumors. An in vitro study in human liver microsomes indicated that 
carfilzomib is a direct and time-dependent inhibitor of human CYP34A. Midazolam, 
which is metabolized primarily by CYP34A to 1-hydroxymidazolam in humans, was 
used as a probe drug for CYP34A in this study. Patients were assessed to determine 
the effect of carfilzomib on the PK of midazolam, a sensitive substrate of human 
cytochrome P450 (CYP) 3A4. This study consisted of 2 periods, as follows: 

 Period 1, before Carfilzomib Cycle 1: Day −7 (plus up to 3 days) before Cycle 1, 
patients were administered a single, oral, 2-mg dose of midazolam. The washout 
period for midazolam was 7 to 10 days. PK blood samples were collected on Day 
–7 (or up to Day –10). 

 Period 2, Cycle 1: The same patients were administered carfilzomib at 27 mg/m2 
IV at the rate of approximately 10 mL/min IV on Days 1, 2, 8, 9, 15, and 16 of 
each 28-day cycle. 

 
Midazolam (2 mg) was administered orally immediately after carfilzomib administration 
on Days 1 and 16. A total of 17 patients who had diseases other than multiple myeloma  
received carfilzomib in Study PX-171-008. 
 
Study PX-171-010 
Study PX-171-010 is designed to determine the duration of clinical benefit.  Study PX-
171-010 was initiated to allow patients who had completed other carfilzomib studies to 
continue to receive carfilzomib treatment, thus providing information on duration of 
efficacy and on safety.  
 
PX-171-010 is an ongoing open-label, multicenter, Phase 2 extension study designed to 
monitor the safety and efficacy of long-term carfilzomib therapy in patients who have 
completed a primary carfilzomib treatment study within the preceding 90 days, including 
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Study Reports PX-171-002 – Part 1, PX-171-002 – Part 2, PX-171-003 – Part 2 (A1), 
PX-171-003 – Part 1 (A0), PX-171-004 – Part 1, and PX-171-004 – Part 2, and Studies 
PX-171-005, PX-171-006, and PX-171-007, or drug–drug interaction Study PX-171-008. 
Only patients who have completed a prior carfilzomib treatment study were eligible for 
Study PX-171-010. Per Amendment 2 (implemented 09 April 2010), an additional 
anticancer drug could be added to the patient’s regimen. Efficacy endpoints included 
PFS, TTP, and OS. A total number of 92 patients was enrolled as of 01 July 2011 in 
Study PX-171-010. 
 
Phase 3 Studies 
Two Phase 3 studies of carfilzomib are currently ongoing, including Studies PX-171-009 
(considered as the Phase 3 confirmatory trial) and PX-171-011. 
 
Study PX-171-009 
Study PX-171-009 is an ongoing, Phase 3, multicenter, international, randomized, open-
label study of lenalidomide with low-dose dexamethasone (Rd) vs. carfilzomib, 
lenalidomide, and low-dose dexamethasone (CRd) with PFS as the primary endpoint in 
patients with relapsed or refractory multiple myeloma after 1–3 prior therapies was 
initiated under a Special Protocol Assessment (SPA) dated 15 January 2010. Patients 
are being randomized in a 1:1 ratio to receive either the control Rd or CRd, and the 
estimated sample size is 700 patients. The applicant plans that this study will serve as 
confirmation of clinical benefit for carfilzomib in patients with relapsed multiple myeloma, 
in the event that an accelerated approval is granted for the proposed indication. The first 
patient was enrolled 23 June 2010. A total of 268 multiple myeloma patients were 
enrolled as of 01 July 2011. 
 
Study PX-171-011 
Study PX-171-011 is an ongoing, Phase 3, randomized, open-label, multicenter study 
comparing carfilzomib alone (Regimen C) vs best supportive care (Regimen BSC) for 
patients with multiple myeloma who have no available approved alternative therapies 
and who would otherwise be offered supportive and/or palliative care. The objective is 
to compare OS in patients with refractory multiple myeloma relapsed after at least 3 
prior regimens and who are randomized to receive either Regimen C or Regimen BSC. 
Eligible patients are randomized in a 1:1 ratio to Regimen C or Regimen BSC, and the 
estimated sample size is approximately 300 patients. The first patient was enrolled 24 
August 2010. A total number of 90 multiple myeloma patients was enrolled as of 01 July 
2011. 

6 Review of Efficacy 

Efficacy Summary 

The overall response rate (ORR) to carfilzomib in the 266 patients enrolled in PX-171-
003 A1 (the intent to treat (ITT) population) with relapsed multiple myeloma was 22.9%. 
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The ORR was 22.9%, whether analyzed by the Applicant or by the FDA. The number of 
entered patients who had been shown to be unresponsive or intolerant to 5 of the 6 
groups of approved agents for multiple myeloma (excluding carmustine) was 69 out of 
266 patients. The ORR for this subset of patients was 23.2%. The duration of response 
was 7.8 months. 

6.1 Indication 

The Applicant’s proposed indication is for “the treatment of patients with relapsed and 
refractory multiple myeloma who have received at least 2 prior lines of therapy that 
included a proteasome inhibitor and an immunomodulatory agent.” 

6.1.1 Methods 

This section will describe design issues for Study PX-171-003 A1, hereafter referred to 
Study 3. For additional details, see Section 5.3. 
 
Study 3 was an open-label, single-arm, multicenter Phase 2 clinical study. Patients 
received carfilzomib by intravenous (IV) bolus over 2-10 minutes at 20 mg/m2 on days 1, 
2, 8, 9, 15 and 16 of the 28 days of Cycle 1, and by a 2-10 minute IV bolus at 27 mg/m2 

on days 1, 2, 8, 9, 15 and 16 of the 28 days of Cycle 2 and following cycles for up to 12 
cycles. The primary endpoint was best ORR as determined by an Independent 
Response Review Committee (IRC). 
 
Due to the observation of fever, chills, vomiting, weakness, shortness of breath, 
hypotension, syncope, chest tightness and angina during or shortly after the infusion of 
carfilzomib in early studies in some patients, the Applicant modified the protocol to 
require that dexamethasone (4 mg orally or intravenously) be administered prior to each 
carfilzomib administration in Cycles 1 and 2, and thereafter, at the discretion of the 
investigator in order to reduce the intensity of infusion related reactions to carfilzomib. 
IV or oral fluids were also given prior to and after each carfilzomib administration. These 
adverse events associated with carfilzomib administration have been designated as the 
“first dose effect” by the Applicant, even though it continues to be observed beyond the 
first two cycles in some patients. 
 
 
 
 
 
Safety Monitoring 
Patients were evaluated for adverse events at the start of each cycle and prior to the 
administration of each dose of carfilzomib. Adverse events were scored using the NCI-
CTCAE version 3.0 grading scale. 
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given per dose of carfilzomib for responders and non-responders for Cycles 1 to 12 in 
Study 3 
 
 
Figure 2. Ratio of Dexamethasone/Carfilzomib Dose per Cycle 

 
Cycle 

(Graph generated by K. Koti) 
 
 
In Study 3, since the cumulative dose/cycle is only 24 mg, the FDA does not feel that 
the actual treatment effect of carfilzomib reported by the Applicant is confounded by the 
concomitant use of dexamethasone in the pivotal study. 
 

7 Review of Safety 

Safety Summary 

The safety data suggests that there are a small number of patients with relapsed 
multiple myeloma who develop life-threatening cardiac toxicities due to carfilzomib. 
Although cardiac toxicity was prominent among “On Study Deaths”, severe adverse 
events and adverse events contributing to discontinuation of carfilzomib, the percentage 
of these adverse events was low. There were in addition significant respiratory, and to a 
lesser extent hepatic toxicities, but again, the percentages of these were low. 
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7.5 Other Safety Explorations 

7.5.1 Dose Dependency for Adverse Events 

Not applicable. 

7.5.2 Time Dependency for Adverse Events 

Not applicable. 

7.5.3 Drug-Demographic Interactions 

Not applicable. 

7.5.4 Drug-Disease Interactions 

Not applicable. 

7.5.5 Drug-Drug Interactions 

Not applicable. 

7.6 Additional Safety Evaluations 

7.6.1 Human Carcinogenicity 

No new cases of leukemias or solid tumors. 

7.6.2 Human Reproduction and Pregnancy Data 

Not applicable. 

7.6.3 Pediatrics and Assessment of Effects on Growth 

Not applicable. 

7.6.4 Overdose, Drug Abuse Potential, Withdrawal and Rebound 

There is no abuse potential. The highest dose of carfilzomib, when administered as a 2-
10 minute bolus infusion tested in the pivotal clinical study submitted to the NDA was 27 
mg/m2. Doses up to 70 mg/m2 are currently being evaluated by the Applicant, but this is 
using a 30 minute infusion of carfilzomib. 
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7.7 Additional Submissions / Safety Issues 

None 

8 Postmarket Experience 

None. 
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9.2 Labeling Recommendations 

The label is under development. 

9.3 Advisory Committee Meeting 

Pending 
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