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The purpose of this memo is to make corrections regarding the interpretation of data from 
embryo-fetal toxicity studies in rats and to provide a rationale for using doses in the 
package insert to compare animals to humans, rather than exposures (AUC).  These 
corrections apply to both the Pharmacology/Toxicology NDA review by Drs. Bray and 
Hawes, as well as the Team Leader Memorandum by Dr. Palmby.   
 
The first series of corrections are regarding the interpretation of the pivotal Embryofetal 
Toxicity study in Rats (#TR-0075-171).  The original review and memorandum were 
based on the interpretation of the data submitted to NDA 202714 that was made during 
the review.  However, upon reassessment of the data, this reviewer concludes that in the 
GLP Embryo-fetal Toxicity studies in rats (#TR-0075-171), carflizomib did not cause 
significant embryo-fetal toxic effects.  This reviewer simply misread across the columns 
in reaching the below conclusions.  
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In the Pharmacology/Toxicology NDA Review, the affected sentences are on pages 12, 
163, 166, and 180 of the review submitted to DARRTS on June 1, 2012.  These changes 
do not affect the overall conclusions reached by the nonclinical reviewers.  The following 
statements can be modified as follows, since the interpretation is not entirely consistent 
with, nor supported by the data listed in Table 91, which are correctly extracted from 
Study #TR-0075-171: 

• pg. 12 (last paragraph), Executive Summary:  Delete strikeout text; add 
underlined text – “Carfilzomib caused no overt teratogenicity in pregnant rats at 
exposures (AUC) or in rabbits at doses that were lower than in patients receiving 
the recommended dose. Embryo-lethality occurred below human exposures or 
doses based on findings of increased pre-implantation loss and post-implantation 
loss from early resorptions in rats and rabbits. The negative effects on 
implantation in both species, and fetal weight decreases in rabbits may be 
secondary due to maternal toxicities, such as body weight and feed consumption 
decreases.”  

• pg. 163, Key Study Findings: delete sentence - “Increased pre-implantation loss 
and early resorptions at ≥ 1 mg/kg”. 

 
• pg. 166, Cesarean Data:  delete sentence - “There was an increase in early 

resorptions that resulted in a decreased % pre-implantation loss at ≥ 1 mg/kg”. 
 

• pg. 180, Reproductive Toxicity:  delete sentences - “Increased pre-implantation 
loss and early resorptions were observed at ≥ 1 mg/kg/day (approximately 10% 
the AUC in patients), although no findings were statistically significant compared 
to control.”  
delete strikeout text; add underlined text – “Embryo-lethality occurred at doses 
equivalent to or below human exposuresdoses based on findings of increased pre-
implantation loss and post-implantation loss from early resorptions in rats and 
rabbits.” 
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In the Team Leader Memorandum, the affected sentences are on page 2 submitted to 
DARRTS on June 6, 2012.  Again, these changes did not affect the overall conclusions.  
The following statements can be modified as follows: 

• pg. 2 (second to last paragraph):  Delete strikeout text; add underlined text – 
“Carfilzomib caused embryo fetal toxicity in rats and rabbits, but was not 
teratogenic in rats or rabbits, but caused embryo-fetal toxicity in rabbits.”  
“Therefore, this study was acceptable to confirm similardemonstrate toxicities in 
a GLP embryo fetal developmental toxicity study in rats, which included 
toxicokineticsrabbits.”   

 
 
The second series of corrections are to justify the use of dose multiples between animals 
in toxicology studies and humans rather than exposures (AUC) and are directed at 
information provided on page 13 (section 1.3.3 Labeling).  The 
Pharmacology/Toxicology NDA Review states that exposures (AUC) in animals were 
provided in the package insert for Kyprolis (carfilzomib) compared to exposures in 
patients who received the recommended dose of 27 mg/m2 for two weeks in clinical trial 
PX-171-007 A1.  However, during labeling negotiations, the Applicant provided 
additional information that sampling times in patients included an initial sampling 
immediately following completion of carfilzomib infusion, while in chronic repeat-dose 
toxicology studies in rats (study # TR-0072-171) and monkeys (study #TR-0073-171), 
the first sample for toxicokinetic analysis was taken 5 minutes following bolus 
intravenous (IV) carfilzomib administration.   
 
Study TR-0383-171 in rats assessed the effects of different pharmacokinetic (PK) 
sampling times on plasma concentration and AUC.  Following an 8 mg/kg IV dose, the 
plasma concentration of carfilzomib at 2 minutes post-dose was approximately 4% the 
concentration observed immediately after dosing.  The observed Cmax and AUC values 
were approximately 28- and 3-fold lower, respectively, if the first sampling time was 2 
minutes post-dose compared to the first sample collection immediately following dosing.  
Therefore, the observed exposures (Cmax and AUC) in the nonclinical toxicology studies 
represent an underestimate of the actual exposures as a result of the sampling times and 
short half-life of carfilzomib.  Based on these findings, comparisons between animals in 
toxicology studies and humans in relevant sections of the package insert were made 
based on doses (body surface area) rather than based on exposure (AUC).   

Reference ID: 3152657



---------------------------------------------------------------------------------------------------------
This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.
---------------------------------------------------------------------------------------------------------
/s/
----------------------------------------------------

JEFFREY D BRAY
06/29/2012

TODD R PALMBY
06/29/2012
I concur with Dr. Bray's conclusions and the amendments made to the Pharmacology/Toxicology
NDA Review and the Team Leader Memorandum for NDA 202714 Kyprolis (carfilzomib) .
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MEMORANDUM 
 
 Kyprolis (carfilzomib) 
 
Date: June 7, 2012 
To: File for NDA 202714 
From: John K. Leighton, PhD, DABT 
 Acting Director, Division of Hematology Oncology Toxicology 
 Office of Hematology and Oncology Products 
 
 
I have examined pharmacology/toxicology supporting review of Drs. Bray and 
Hawes and labeling and secondary memorandum provided by Dr. Palmby.  I 
concur with Dr. Palmby’s conclusion that Kyprolis may be approved and that no 
additional nonclinical studies are needed for the proposed indication.  
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MEMORANDUM 
 

Date:   June 6, 2012 
From:  Todd R. Palmby, Ph.D. 

Secondary Pharmacology/Toxicology Reviewer 
Division of Hematology Oncology Toxicology (DHOT) 
Office of Hematology and Oncology Products (OHOP) 

To:   File for NDA 202714 KYPROLISTM (carfilzomib) 
Re:   Approvability for Pharmacology and Toxicology 
Indication:   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   

 
Non-clinical pharmacology and toxicology studies to support KYPROLIS 
(carfilzomib) NDA 202714 for the treatment of relapsed and refractory multiple 
myeloma were reviewed by Jeffrey Bray, Ph.D. and Jessica J. Hawes, Ph.D.  
Studies conducted with intravenously administered carfilzomib included 
pharmacology, toxicokinetics and ADME, safety pharmacology, single- and 
repeat-dose toxicology (rat and monkey), and genetic toxicology (in vivo and in 
vitro).  Reproductive and developmental toxicology studies were conducted in 
rats and rabbits to assess the effects of carfilzomib on embryo-fetal development.  
The studies cited in the review consist primarily of original research studies 
conducted by the Applicant. 
 
Pharmacology studies submitted to the NDA support that carfilzomib is a 
proteasome inhibitor that irreversibly binds to the active sites of the 20S 
proteasome, the proteolytic core particle within the 26S proteasome.  The 
mechanism of action of carfilzomib is the same as bortezomib (i.e., inhibition of 
the 20S proteasome), although differences exist in their abilities to inhibit the 
chymotrypsin-like, peptidyl-glutamyl peptide-hydrolizing (PGPH)-like and trypsin-
like activities of the 20S proteasome and in that bortezomib binding to the 20S 
proteasome is reversible.  These differences may account for the distinct toxicity 
and activity profile of carfilzomib.  As carfilzomib is an irreversible proteasome 
inhibitor, recovery of proteasome inhibition requires production of new 
proteasome protein, which occurred in ≥ 24 hours, depending on the tissue.  The 
Established Pharmacologic Class (EPC) determined to be most appropriate for 
carfilzomib is “proteasome inhibitor” since data provided in the NDA demonstrate 
that it has a similar mechanism of action as previously approved products in this 
class.   
 
The clinical route of administration for carfilzomib is an intravenous infusion over 
2 to 10 minutes.  The majority of studies in animals submitted to this NDA (e.g., 
safety pharmacology, ADME, repeat-dose toxicology, in vivo genetic toxicology, 
reproductive and developmental toxicology) were conducted with bolus 
intravenous injections of carfilzomib.  A series of studies in rats were conducted 
comparing the pharmacodynamics, pharmacokinetics and toxicities of 
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intravenous carfilzomib administered as a bolus injection, a 10-minute infusion or 
a 30-minute infusion.  The Cmax and significant toxicities, including death and pre-
renal azotemia (elevated blood urea nitrogen and creatinine), observed following 
a bolus injection were reduced when administered as a 10- or 30-minute infusion, 
while a similar level of proteasome inhibition was maintained.  These results 
suggest that some toxicities observed following administration of carfilzomib may 
be related to the Cmax.  Adverse effects in rats and/or monkeys that were 
consistent with adverse events reported in clinical trials included cardiovascular 
(decreased blood pressure, increased heart rate, increased troponin-I, cardiac 
failure, cardiac fibrosis, pericardial fluid accumulation, cardiac 
hemorrhage/degeneration), renal (glomerulonephropathy, tubular necrosis, 
dysfunction), gastrointestinal (necrosis/hemorrhage), pulmonary 
(hemorrhage/inflammation), hepatic (changes in serum transaminases) and 
hematopoietic (decreased platelets) toxicities.   
 
Carfilzomib was clastogenic in the in vitro chromosomal aberration test in 
peripheral blood lymphocytes, but was not mutagenic in the in vitro bacterial 
reverse mutation (Ames) assay or clastogenic in the in vivo mouse bone marrow 
micronucleus assay.   
 
Carfilzomib caused embryo-fetal toxicity in rats and rabbits, but was not 
teratogenic.  In rabbits, only a pilot, non-GLP embryo-fetal developmental toxicity 
study was conducted, which did not include a toxicokinetic analysis.  In this 
study, carfilzomib caused embryo-fetal effects including increased pre- and post-
implantation loss and early resorptions and a decrease in fetal weight as well as 
maternal toxicity.  Therefore, this study was acceptable to confirm similar 
toxicities in a GLP embryo-fetal developmental toxicity study in rats, which 
included toxicokinetics.  Section 8.1 Pregnancy in the package insert for 
KYPROLIS reflects the lack of toxicokinetic data in rabbits with the comparison to 
doses in patients based on body surface area rather than systemic exposure 
(AUC).  The potential benefit of KYPROLIS in pregnant women in the indicated 
patient population may outweigh the potential risk to the developing fetus.  
Therefore, Pregnancy Category D is recommended. 
 
Recommendation:  I concur with Drs. Bray’s and Hawes’ conclusion that 
pharmacology and toxicology data support the approval of NDA 202714 for 
KYPROLIS.  There are no outstanding nonclinical issues that would preclude the 
approval of KYPROLIS for the proposed indication. 
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Disclaimer 
 
Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 202714 are owned by Onyx Pharmaceuticals or are data 
for which Onyx Pharmaceuticals has obtained a written right of reference. 
Any information or data necessary for approval of NDA 202714 that Onyx 
Pharmaceuticals does not own or have a written right to reference constitutes one of the 
following: (1) published literature, or (2) a prior FDA finding of safety or effectiveness for 
a listed drug, as reflected in the drug’s approved labeling.  Any data or information 
described or referenced below from reviews or publicly available summaries of a 
previously approved application is for descriptive purposes only and is not relied upon 
for approval of NDA 202714.
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1 Executive Summary 

1.1 Introduction 

NDA 202714 was submitted to the U.S. Food and Drug Administration for carfilzomib for 
the proposed indication of 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.  Carfilzomib is a new molecular entity 
proteasome inhibitor, which irreversibly inhibits the chymotrypsin-like activity of the 20S 
proteasome.  The proposed clinical dose of carfilzomib is 20 mg/m2 in Cycle 1, 
escalating to 27 mg/m2 in Cycle 2 administered intravenously over 2 to 10 minutes, 
twice weekly on consecutive days for 3 weeks (Days 1, 2, 8, 9, 15, and 16), followed by 
a 12-day rest period (Days 17 to 28).  Nonclinical pharmacology, pharmacokinetic and 
toxicology studies were submitted to support the approval of carfilzomib for the 
proposed indication.   
 

1.2 Brief Discussion of Nonclinical Findings 

The ubiquitin-proteasome pathway is the major proteolytic mechanism in 
eukaryotic cells.  It catalyzes the degradation of regulatory proteins and the rapid 
elimination of proteins with abnormal conformation.1,2  The major protease in this 
pathway is the 26S proteasome, an ATP-dependent proteolytic complex, which is 
formed by the barrel-shaped 20S catalytic core particle complexed with two 19S 
regulatory subunits.3,4  The 20S catalytic core particle within the 26S proteasome is also 
known as the 20S proteasome and is responsible for the degradation of key proteins 
involved in apoptosis, DNA repair, endocytosis and cell cycle control.4,5,6  Bortezomib 
was approved by the FDA in 2003 as a proteasome inhibitor for its activity against the 
20S proteasome.   

Nonclinical pharmacology studies were conducted to investigate the in vitro and 
in vivo ability of carfilzomib to inhibit proteasome activity.  Like bortezomib, carfilzomib 
was shown to inhibit the 20S proteasome.  Carfilzomib had the greatest inhibition of 
chymotrypsin-like activity, with less inhibition of peptidyl-glutamyl peptide-hydrolyzing 
(PGPH)-like activity, and the least inhibition of trypsin-like activity.  Relative to 
bortezomib, carfilzomib had a lower inhibition of PGPH-like activity, suggesting it may 
be more specific for chymotrypsin-like inhibition.  In addition, carfilzomib irreversibly 
binds to the N-terminal threonine-containing active sites of the 20S proteasome, which 
differs from bortezomib for which binding to the 20S proteasome is reversible.  Multiple 
in vitro studies were conducted in which carfilzomib was demonstrated to have 
antiproliferative and proapoptotic activities in human tumor cell lines derived from solid 
                                            
1 Herschko, A and Ciechanover, A (1998) Annu Rev Biochem; 67: 425-479. 
2 Hochstrasser, M (1996) Annu Rev Genet; 30: 405-439. 
3 Baumeister, W, et al. (1998) Cell; 92: 367-380. 
4 Coux, O, Tanaka, K, Goldberg, AL (1996) Annu Rev Biochem; 65: 801-847. 
5 Hoffman, L and Rechsteiner, M (1996) Curr Top Cell Regul; 34: 1-32. 
6 Hochstrasser, M (1995) Curr Opin Cell Biol; 7(2): 215-223. 
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and hematologic malignancies.  In vivo studies showed that carfilzomib resulted in 
proteasome inhibition shortly after administration, which was sustained in blood and 
some tissues, likely due to irreversible binding to the 20S proteasome requiring new 
protein production to restore activity.  Mouse xenograft studies resulted in delayed 
tumor growth of multiple myeloma, hematologic and solid tumor cells following 
carfilzomib administration.   

The potential for cardiac effects resulting from carfilzomib administration was 
identified in safety pharmacology studies.  Carfilzomib inhibited the hERG channel 
potassium current at doses ≥ 1.5 M.  A single bolus intravenous injection of 3 mg/kg 
carfilzomib in monkeys resulted in increased ventricular premature complex, ST 
segments and T wave amplitudes in one male, and increased heart rate and troponin-T 
levels and decreased blood pressure, PR interval, QRS interval and QT interval in the 
other male tested.  Both males administered 3 mg/kg died within 73 hours after dosing.   

The half-life of carfilzomib in animals is very short (≤ 20 min).  Therefore, 
increases in exposure that were observed with repeat dosing were likely due to 
decreased elimination rather than drug accumulation.  Carfilzomib was rapidly and 
widely distributed to most tissues in rats, but did not cross the blood-brain barrier.  
Carfilzomib was highly protein bound in the plasma.  Carfilzomib was highly 
metabolized by two main mechanisms: peptide cleavage and epoxide hydrolysis.  No 
unique human metabolites were identified in vitro, and none of the major metabolites 
inhibited in vitro proteasome activity significantly.  Although elimination mechanisms are 
similar between species, there are also some species-specific clearance and/or 
metabolism mechanisms that may ultimately lead to differences in exposures after 
repeat dosing between species.  The majority of carfilzomib elimination occurred 
through metabolism and incorporation into cellular proteins.  Renal and biliary clearance 
accounted for about 30% of carfilzomib elimination via each route following a single 
bolus intravenous administration in rats, which occurred within 4 hours.  It is unclear if 
renal impairment (pre-existing or carfilzomib-related) would increase the risk of drug 
toxicity with repeat dosing.    

Significant dose-dependent mortality and toxicities were observed in all studies 
conducted with carfilzomib.  Overall, at the significantly toxic doses there were signs of 
cardiac failure and related renal failure (prerenal azotemia), with acute phase response, 
gastrointestinal toxicity and hematological effects (e.g., thrombocytopenia, 
erythrocytosis, and leukocytosis) observed in shorter studies. 

In repeat-dose toxicology studies, rats were administered bolus intravenous 
carfilzomib at 1, 2, or 4 mg/kg for 3 or 6 months, and monkeys were administered bolus 
intravenous carfilzomib at 0.5, 1, or 2 mg/kg for 9 months.  Carfilzomib-related mortality 
was observed in rats and monkeys following the proposed clinical administration 
schedule at doses of  2 mg/kg/dose and 2 mg/kg/dose, respectively.  Deaths were 
preceded by body weight gain decrease or weight loss and decreased feed 
consumption with common clinical signs that included piloerection, lethargy, paleness, 
and hunched posture (emesis in monkeys).  Identified causes of death included multiple 
organ failure, cardiac failure, cardiac fibrosis, pericardial fluid accumulation, cardiac 
hemorrhage/degeneration, gastrointestinal necrosis/hemorrhage, and renal failure (see 
below).  Additionally, necropsies showed signs of edema in many organs and tissues.  
The systemic exposures (AUCs) following  2 mg/kg/dose in rats were approximately 
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40% of those observed in patients who received 27 mg/m2 of carfilzomib twice weekly 
for two weeks.  The dose of 2 mg/kg/dose in monkeys resulted in systemic exposures 
approximately 10% of those observed in patients. 

Rats and monkeys receiving repeated administration of carfilzomib often had 
reduced evidence of significant toxicity at the end of dosing compared to animals that 
died during the studies.  However, significant toxicities were observed in the 
cardiovascular, gastrointestinal and renal systems.  Cardiac toxicity in rats and monkeys 
was observed at 2 mg/kg/dose and 1 mg/kg/dose (approximately 40% and 10% the 
systemic exposures observed in patients), respectively, including enlarged hearts and 
increased heart weights (both species), elevated troponin I (monkeys) and CRP (both), 
and a number of histopathological correlates of cardiomyopathy with only partial 
recovery.  Renal toxicity consistent with prerenal azotemia in both species was noted at 
all doses, indicated by increased BUN, creatinine, and phosphorus with enlarged 
kidneys, and microscopic findings of chronic progressive nephropathy in rats and 
glomerulonephropathy in both species.  In rats, there were three deaths attributed to 
hemorrhage/necrosis of the intestine.  No animals in the chronic repeat-dose toxicology 
studies that reached scheduled necropsy had any findings related to gastrointestinal 
hemorrhage/necrosis, but in a 3-week study in rats, one animal at 6 mg/kg had a 
number of findings in the large intestine including hyperplasia, fibrosis, and dilatation. 
 Many findings in nonclinical repeat-dose toxicity studies were related to the 
proteasome inhibition activities of carfilzomib, consisting of effects on hematological 
parameters (decreased platelets, increased red cell and white cell types) and 
hematopoietic organs (such as bone marrow, lymph nodes and spleen) in rats and 
monkeys.   Both species had increased liver weights, serum CRP, neutrophils, 
monocytes, and fibrinogen and decreased ALT and albumin in the chronic studies.  
Many of these findings are consistent with Acute Phase Response.  These occurred at 
all doses in rats while the monkeys tended only to have these findings at the high dose 
of 2 mg/kg.  Additionally, rats had some histopathological correlates noted, whereas 
monkeys had none.  Based on the studies of shorter duration, it appears that the effects 
on the liver may be adaptive or exposure-dependent.   Findings of note with no dose-
dependency were observed in the lung, pancreas, and intestinal fat, but only in rats.   
No signs of neurotoxicity (functional or histopathological) were observed. 
 Carfilzomib was not genotoxic in the reverse mutation bacterial test (Ames) and 
the mouse micronucleus test.  Carfilzomib causes an increase in chromosome structural 
aberrations in human peripheral blood cells at ≥0.04 µg/mL and at ≥2.4 µg/mL in vitro in 
the absence and presence of metabolic activation, respectively.  The difference noted 
with metabolic activation suggests that some inactivation of carfilzomib has occurred.  
Findings of clastogenicity for PR-171 are consistent with the pharmacology.  
 Carfilzomib caused no overt teratogenicity in pregnant rats at exposures (AUC) 
or in rabbits at doses that were lower than in patients receiving the recommended dose.  
Embryo-lethality occurred below human exposures or doses based on findings of 
increased post-implantation loss from early resorptions in rats and rabbits.  The 
negative effects on implantation in both species, and fetal weight decreases in rabbits 
may be secondary due to maternal toxicities, such as body weight and feed 
consumption decreases. 
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 Overall, the findings are consistent among species and expected based on the 
mechanism of action.  The relevant and significant nonclinical toxicities, such as cardiac 
and renal toxicities, have been observed in humans at comparable AUC exposure.  The 
majority of deaths in rats occurred early and during the first cycle, so appropriate clinical 
monitoring should be in place.  Body weight decreases and a number of clinical signs 
were also observed almost immediately after dosing was initiated.  The expected 
pharmacodynamic effects on hematological parameters are monitorable, occurred 
rapidly after dosing initiated, and appear to be maximal at doses lower than those that 
resulted in significant toxicities.  In the 9-month repeat dose study in monkeys, an ECG 
result correlated with other pathological findings in one animal at 2 mg/kg, which 
suggests that developing cardiotoxicity may be monitored by this manner along with 
CRP and troponin I levels.  For monitoring of renal toxicity, urinalysis and CBC are 
useful, especially since the BUN and creatinine increases suggest prerenal azotemia.  
The Applicant suggests that the transiently observed acute phase response and 
thrombocytopenia may be ameliorated by decreasing the infusion rate.  In both rats and 
monkeys, reversibility at the high dose was partial in organ systems with the most 
severe toxicities, i.e., heart and kidney, suggesting the potential for permanent 
impairment.   

1.3 Recommendations 

1.3.1 Approvability 

Approvable 
There are no nonclinical findings that would preclude the approval of carfilzomib for the 
proposed indication. 

1.3.2 Additional Non Clinical Recommendations 

None 

1.3.3 Labeling 

 Exposures in animals were provided in the package insert as an AUC at a given 
dose compared to AUC in patients who received the recommended dose of 27 mg/m2 
for two weeks.  In clinical study PX-171-007 A1, carfilzomib was administered as an 
intravenous bolus injection (over 2-10 minutes) to patients with solid tumors, multiple 
myeloma or lymphoma.  Five patients received carfilzomib at 20 mg/m2 on Day 1 and 
Day 2, then at 27 mg/m2

 on Days 8, 9, 15, and 16.  Pharmacokinetic parameters were 
determined following blood collection on Days 1 and 16.  The AUCinf in these patients 
was 349 ng*hr/mL, or 20,940 ng*min/mL, which was used to determine exposure 
multiples compared to animals in relevant sections of the package insert (see Section 
11 Integrated Summary and Safety Evaluation).  All nonclinical data referred to in the 
relevant nonclinical sections of the package insert for Kyprolis (carfilzomib) are 
contained within this review.  At the time this review was completed, labeling 
negotiations with the Applicant were ongoing.      
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2 Drug Information 

2.1 Drug 

CAS Registry Number:   868540-17-4 
 
Generic Name:   carfilzomib 
 
Code Name:    PR-171 
 
Chemical Name: 
(2S)-N-((S)-1-((S)-4-methyl-10((R)-2-methyloxiran-2-yl)-1-oxopentan-2-ylcarbamoyl)-2- 
phenylethyl)-2-((S)-2-(2-morpholinoacetamido)-4-phenylbutanamido)-4 methylpentanamide 
 

synonym:  Morpholinoacetyl-hPhe-Leu-Phe-Leuketoepoxide 
 
Molecular Formula/Molecular Weight: C40H57N5O7/ 719.9 g/mol 
 
Structure or Biochemical Description: 

  
 
Pharmacologic Class: Proteasome inhibitor 
 

2.2 Relevant IND/s, NDA/s, and DMF/s 

IND 71057; DMF ; DMF  
 

2.3 Drug Formulation 

Lyophilized carfilzomib in  60 mg single-use vials, to be reconstituted with 
water for injection, USP; reconstituted product consists of 2 mg/mL solution of 
carfilzomib free base in  
sulfobutylether--cyclodextrin (Captisol). 
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(Table excerpted from Applicant’s package) 

2.5 Comments on Impurities/Degradants of Concern 

There were a number of related substances listed in the drug product specification.  The 
following includes the rationale for the acceptability of the drug product specification for 
each of these impurities: 
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The above specifications are acceptable from a Pharmacology/Toxicology perspective 
to provide for adequate safety given the indicated patient population of 
relapsed/refractory multiple myeloma based on the justifications provided by the 
Applicant. 

2.6 Proposed Clinical Population and Dosing Regimen 

The proposed indication for carfilzomib 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.  
 
Carfilzomib is administered intravenously at 20/27 mg/m2 (20 mg/ m2 in Cycle 1, 
escalating to 27 mg/ m2 in Cycle 2) over 2 to 10 minutes, twice weekly on consecutive 
days for 3 weeks (Days 1, 2, 8, 9, 15, and 16), followed by a 12-day rest period (Days 
17 to 28). 
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Table 1:  IC50 fold differences between the proteasome chymotryptic activity 
assay and other proteasome activity assays 

 

Table 2:  kintact/Ki(M
-1s-1) values for inhibition of proteasome activities 

 
(Tables excerpted from Applicant’s package) 

 
Dose Range Finding Toxicology Study of PR-171 in Male Cynomolgus Monkeys: 
Pharmacodynamics of Proteasome Activity (Study TR-0011-171 / TXC-003) 
 
Key Study Findings 

 No dose-dependency in PR-171 inhibition of chymotrypsin-like activity of the 20S 
proteasome in vivo. 

 Binding of PR-171 is irreversible, consistent with recovery of proteasome activity 
dependent on new protein synthesis. 

 Proteasome inhibition does not increase following repeated dosing as compared 
to single doses. 

 
METHODS 
Male Cynomolgus monkeys received a single IV bolus of 0, 1.0, 1.15, 2.0, or 4.0 mg/kg 
PR-171, followed by a repeat dose of 1.0 mg/kg for 5 days.  Chymotrypsin-like 
proteasome activity was determined in whole blood (primarily erythrocytes) and 
peripheral blood mononuclear cells (PBMCs) at 1 hr, 24 hr, 72 hr, 96 hr, 7 days, and/or 
14 days post-dose of single administrations.  Activity in the bone marrow was 
determined 1 hr and 7 days after 0 and 1.0 mg/kg administration only. 
 
RESULTS 
PR-171 inhibited chymotrypic proteasome activity 80-90% in PBMCs and whole blood 
by 1 hr at all doses.  By Day 14, proteasome activity returned to normal levels in 
PBMCs, but only recovered by 60% in whole blood.  Slower recovery time in whole 
blood is consistent with the time required for replacement with new red blood cells due 
to the lack of new protein synthesis in erythrocytes.  These findings are also consistent 
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(Figures excerpted from Applicant’s package) 

 
 
A 4-Week Repeat Dose Intravenous Toxicity Study of PR-171 in Cynomolgus 
Monkeys: Pharmacodynamics of PR-171 (Study TR-0018-171 / TXC-004) 
 
Key Study Findings  

 >80% inhibition of chymotrypsin activity in whole tissues with a single dose and 
complete inhibition with repeated dosing (≥0.5 mg/kg, ≥6 mg/m2).   

 Minimal recovery in whole blood after 9 days due to irreversibility of PR-171 
binding. 

 Significant inhibition (~50%) in heart tissue at 24 hr post-dose, but with complete 
recovery after 9 days. 

 
METHODS 
Cynomolgus monkeys (♂, ♀) received 0.5, 1.0, and 2.0 mg/kg IV bolus infusions on 
Days 0-4 (all groups) and Days 14-18 (≤ 1.0 mg/kg) over a 4 week period.  Whole blood 
was collected 1 hr post-dose on Days 0 and 14, 24 hr after last dose (Day 19), and 9 
days (Day 28) after the last dose. Adrenal, brain, heart, and liver samples were also 
collected on Day 19 and 28.  20S proteasome inhibition was determined using a 
fluorescent tetrapeptide. 
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Figure 3:  Sampling and dosing schedule for assessing proteasome inhibition in a 
4-week toxicology study in Cynomolgus monkeys 

 
(Figure excerpted from Applicant’s package) 

 
RESULTS 
Significant inhibition (>80%) of 20S proteasome chymotryptic activity in whole blood 
occurred at all doses and increased near 100% with dosing, suggesting accumulation of 
inhibition.  Only slight recovery (65-80% inhibition) was evident at all doses 9 days post-
dose (Day 28). Dose-dependent decreases (↓28-56%) in chymotrypsin-like activity were 
observed in the heart 24 hrs after the last dose which recovered to control levels by Day 
28.  Protease activity was highly variable in samples from the 6 fatalities at 2 mg/kg. 
However, it appears that significant proteasome inhibition was not present in all tissues 
of all fatalities and that significant inhibition was evident in the brain of at least one 
animal. There were no significant changes in proteasome activity in the brains, liver, or 
adrenal glands of surviving animals, which could e due to recovery or incomplete 
exposure.  Variability in PBMCs was too high to reach significance, which the sponsor 
suspects is due to RBC and platelet contamination. 

Figure 4:  Chymotrypsin-like Activity of the 20S Proteasome in Whole Blood in 
Cynomolgus monkeys 
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Figure 10:  Chymotrypsin-like proteasome activity of whole blood in monkeys 
given PR-171 

 
(Figures excerpted from Applicant’s package) 

 
 
 
Pharmacodynamics of IV Bolus Administration of PR-171 in Rats: Comparison of 
Single Doses to QDx2 Administration (Study TR-0027-171 / PDR-016) 
 
Key Study Findings 

 PR-171 significantly inhibits chymotrypsin-like activity of 20S proteasome in all 
the tissues examined after both single and two daily administrations. 

 A cumulative effect was evident in liver 
 Only partial recovery occurs at 24 hr post-dose 
 No recovery after 3 days in whole blood 

 
METHODS 
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Male Sprague Dawley rats received either a single or 2 daily doses of 2 mg/kg PR-171 
(or vehicle) followed by measurement of chymotrypsin-like protease activity at 1, 24, 48, 
and 72 (single dose only) hours post-dose in whole blood, adrenal gland, erythrocyte 
depleted bone marrow, and liver. 
 
RESULTS 
Chymotryptic protease activity was inhibited >80% in whole blood and adrenal gland, 
75% in bone marrow, and 45% in liver.  A cumulative response was evident in the liver 
after a second dose, but not in the other tissues.  Similar responses were evident after 
the second administration, except in the liver.  Only partial recovery is evident at 24 hr 
post-dose prior to administration of the second dose.  Recovery in blood was not 
observed throughout the study up to 3 days post-dose. 
 

Figure 11:  Pharmacodynamic of PR-171 in tissues following either a single or 
QDx2 dose administration 

 
A single dose of vehicle (filled squares) or 2 mg/kg PR-171 (open circles) or two daily 
doses of 2 mg/kg PR-171 (filled triangles) were administered to male rats (n=3).  
Proteasome chymotrypsin-like activity was determined in tissues harvested at 1, 24, 25, 
48 and 72 hours after the first dose.   
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though increased caspase-3 levels are present, unless there is a delay in the induction 
of apoptosis which may be visible at later time points, similarly to HT29 cells.  

Figure 13:  Carfilzomib treatment results in the activation of Caspase 3 in Molt4 
and RPMI-8226 cells 

 

Figure 14:  Carfilzomib induces apoptotic cell death in Molt4 and HT-29 cells 

 
HT-29 (A and D), RPMI-8226 (B) and Molt4 (C) cells were exposed to 500 nM 
carfilzomib for 1 hr; carfilzomib was then washed out and cells returned to 37 C.   
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(Figures excerpted from Applicant’s package) 
 

 
Generation of Cells Resistant to Bortezomib: Effects on PR-171 Sensitivity (Study 
TR-0032-171) 
 
Key Study Findings 

 Although bortezomib is also an inhibitor of the 20S proteasome, resistance to 
bortezomib does not necessarily confer cross-resistance to PR-171.   

 
METHODS 
A bortezomib-resistant cell line was generated in vitro and tested for sensitivity to 
carfilzomib (PR-171). 
 
RESULTS 
Three independent cell lines were generated with IC50 values 2- to 115-fold higher than 
the parental line, suggesting resistance to bortezomib.  Although the bortezomib-
resistant cell lines were less sensitive to PR-171 as well, they remained significantly 
more sensitive to PR-171 than bortezomib.  Thus, cells resistant to bortezomib are not 
similarly resistant to PR-171 to the same degree even though both compounds target 
the 20S proteasome. These findings suggest that PR-171 differs functionally enough to 
circumvent resistance to bortezomib.  It is unclear if these differences are purely due to 
increased specificity of PR-171 to the chymotrypic active sites, off-target binding, or 
compound-specific resistance mechanisms. 
 

Figure 15:  Bortezomib and carfilzomib (PR-171) on bortezomib-resistant cell 
lines:  HT-29 cultured in 300 nM bortezomib 
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Table 3:  Calculated IC50s for bortezomib and carfilzomib proteasome inhibition in 
bortezomib resistant cell lines 

 

 
(Figure and table excerpted from Applicant’s package) 

 
 
In vivo Efficacy Study of PR-171 in HT-29 Human Colorectal Adenocarcinoma 
Xenografts (Study TR-0037-171 / PDM-013) 
 
Key Study Findings 

 Only mice on the twice a day schedule (15 mg/m2 X 2 per day) exhibited a 
significant anti-tumor response, whereas up to twice a week (30 mg/m2 X 2 per 
week)  did not.   

 PR-171 administered twice a week did not inhibit tumor growth. 
 

METHODS 
Female BNX mice with subcutaneous H-29 (human colon cancer) xenografts (Day 7 
post-implantation) received PR-171 IV bolus for 4 weeks; 10 mg/kg once weekly (QW), 
5 mg/kg twice daily (QDx2), or 1, 5, and 10 mg/kg twice a week (BIW; Day1/Day4).  The 
inhibitor of the 20S proteasome, bortezomib (PS-341), was also administered BIW at 1 
mg/kg.  Tumor growth, body weights, and clinical signs were assessed 2 to 3 times a 
week. 
 
RESULTS 
Tumors in mice receiving 5 mg/kg twice a day were 40% smaller than vehicle controls 
and correlate with significant tumor growth inhibition.  Animals given PS-341 biweekly or 
PR-171 weekly and biweekly did not inhibit tumor growth.  It is unknown if PS-341 
administered twice daily, similarly to the QDx2 PR-171 group, would exhibit anti-tumor 
activity.  Note that the drop in tumor volume in 10 mg/kg group (Figure 16) is due to 
early euthanasia of 1 animal with a tumor above allowable limits and is not due to anti-
tumor activity of PR-171.  There were no significant changes in body weight or clinical 
observations.   
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Figure 16:  Tumor volume in tumor bearing mice after carfilzomib administration 
twice weekly on non-consecutive days 

 

Figure 17:  Inhibition of tumor growth mediated by carfilzomib administration 
twice daily in tumor bearing mice 

 
(Figures excerpted from Applicant’s package) 

 
 
A Single Dose Pharmacodynamic Study Comparing PR-171 Administered 
Intravenously to PR-58825 Administered Both Intravenously and Nasogastrically 
to Female Cynomolgus Monkeys (Study TR-0046-171-PD) 
 
Key Study Findings 

 PR-171 does not inhibit brain proteasome activity; whereas PR-58825 crosses 
the blood-brain barrier after IV administration. 

 PR-171 has a faster rate (within 15 min) of proteasome inhibition in whole blood 
than PR-58825. 

 PR-171 and PR-58825 have similar levels of proteasome inhibition when 
administered via IV and nasogastrically. 

 
METHODS 
Non-naïve female Cynomolgus monkeys that received prior doses of PR-171 or PR-
58825, were administered a single dose of 2.0 mg/kg PR-171 (IV), 2.5 mg/kg PR-58825 
(IV), or nasogastric (NG) 10 or 20 mg/kg PR-58825.  Chymotrypsin-like proteasome 
activity via proteolysis of a fluorescent tetrapeptide was determined in whole blood, 
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erythrocyte-depleted bone marrow, adrenal, brain, liver, heart, lung, and inguinal lymph 
nodes at 1 hr post-dose. 
 
RESULTS 
PR-171 showed a shorter (15 min) Tmax for inhibition in whole blood than PR-58825 (1 
hr).  PR-58825 inhibited proteasome function in all tissues examined; whereas, PR-171 
did not inhibit proteasome activity in the brain or inguinal lymph nodes.  Proteasome 
inhibition was similar between PR-171 and PR-58825 in the whole blood and bone 
marrow. 
 

Figure 18:  Chymotrypsin-like proteasome activity in blood samples from female 
Cynomolgus monkeys given PR-58825 or PR-171 IV 
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Figure 19:  Chymotrypsin-like proteasome activity in brain from female 
Cynomolgus monkeys given PR-58825 or PR-171 

  

Figure 20:  Chymotrypsin-like proteasome activity in inguinal lymph node 
samples from female Cynomolgus monkeys given PR-58825 or PR-171 

 
(Figures excerpted from Applicant’s package) 

 
 
Pharmacodynamic Evaluation of Carfilzomib in Rats: Comparison of Bolus 
Injection vs. IV Infusion Delivery (Study TR-0089-171 / R1005-SN252) 
 
Key Study Findings 

 The pharmacodynamics of carfilzomib-mediated proteasome inhibition is 
equivalent after IV bolus and IV infusions. 

 Although carfilzomib inhibits primarily the chymotrypsin-like activity in most 
tissues, it also inhibits caspase-like and trypsin-like activity in the heart. 
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METHODS 
To examine the pharmacodynamic properties of carfilzomib after various modes of 
administration, male Sprague Dawley rats were administered 1 mg/kg carfilzomib by 
either a bolus IV injection or 1, 5, or 30 minute IV infusions, followed by evaluation of 
chymotrypsin-like, caspase, and trypsin-like activities in blood, adrenal, heart, lung, 
spleen, kidney, bone marrow, and liver tissues at 1 hr post-dose. 
 
RESULTS 
There were no significant differences in chymotrypsin-like inhibition between bolus 
injection and infusions of carfilzomib.  Carfilzomib administration via all modes resulted 
in significant inhibition of chymotrypsin-like activity by ≥80% in the blood, adrenal, heart, 
and lung, 70% in the spleen, and 50-60% in the kidney and bone marrow, but not in the 
liver.  Carfilzomib administration also inhibited (~40%) caspase-like and trypsin-like 
activities in the heart, but not in other tissues. 

Figure 21:  Inhibition of the chymotrypsin-like activity of the 20S proteasome by 
carfilzomib 

 
(Figure excerpted from Applicant’s package) 

 
 
The activity carfilzomib metabolites on the chymotrypsin-like activity of the 
constitutive proteasome and immunoproteasome (Study TR-0206-171) 
-study reviewed by Todd R. Palmby, Ph.D. 
 
Key Study Findings: 

 Metabolites of carfilzomib did not significantly inhibit the chymotrypsin-like activity 
of the 20S proteasome under the conditions tested 

 
METHODS 
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Five human metabolites of carfilzomib were tested for inhibitory activity against 
chymotrypsin-like activity in an assay measuring activity of human purified 20S 
constitutive proteasome and immunoproteasome:  abundant metabolites found in 
human plasma PR-059389 (M14) and PR-000519 (M16), and abundant metabolites 
found in human urine PR-059411 (M3), PR-059409 (M4), PR-059389 (M14) and PR-
059413 (M15).  In vitro inhibition of the 20S constitutive proteasome and 
immunoproteasome by serial dilutions of carfilzomib and each metabolite was 
measured by changes in fluorescence resulting from proteasome-mediated cleavage of 
a fluorogenic substrate, Suc-LLVY-AMC, over 2 minutes intervals for approximately 1 
hour.  Background values from no enzyme control wells were subtracted from the 
sample values and then normalized to DMSO only controls to determine percent 
activity.  Percent activity was plotted against concentrations for each metabolite.  To 
determine the IC50’s, the percent proteasome activity values versus concentration were 
plotted and fit with a sigmoidal dose-response.  The complete assay was repeated on a 
second day to provide a total number of data points for each metabolite at a given 
concentration of n=4.   
 
RESULTS 
Four of the metabolites [PR-059389 (M14), PR-059411 (M3), PR-059409 (M4), PR-
059413 (M15)] showed no inhibition of the chymotrypsin-like activity of the constitutive 
proteasome or immunoproteasome up to the highest concentration tested of 15 M.  
One, metabolite [PR-000519 (M16)] showed weak inhibition of the chymotrypsin-like 
activity of the constitutive and immunoproteasome.  The IC50 of PR-000519(M16) for the 
chymotrypsin-like activity of the constitutive proteasome was approximately 2500-fold 
higher than carfilzomib.  The IC50 of PR-000519(M16) for the chymotrypsin-like activity 
of the immunoproteasome was approximately 300-fold higher than carfilzomib (see 
Table 4).   
 
Reviewer’s note:  M3 and M4 were removed from the report for clinical trial TR-0077-
171 in the discussion of carfilzomib metabolites in human plasma and urine through an 
amendment because they were detected in pre-dose human plasma samples at levels 
similar to carfilzomib-treated human plasma samples in clinical trial TR-0201-171 and in 
the nonclinical study 09609, and because their relative abundances reported originally 
in TR-0077-171 were found to be over-represented.  In addition, M2 was not 
investigated in the current study for activity on the chymotrypsin-like activity of the 
proteasome.  The relative abundance of M2 in human plasma from subjects receiving 
27 mg/m2 was slightly lower than that of M15 (clinical trial TR-0077-171), but was the 
only other detectable metabolite present in plasma aside from M14, M15 and M16.   
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Table 4:  In vitro activity of carfilzomib metabolites on the chymotrypsin-like 
activity of the constitutive proteasome and immunoproteasome 

 
(Table excerpted from Applicant’s package) 

 

4.2 Secondary Pharmacology 

 
Selectivity of PR-171: Testing Against a Panel of Proteases (Study TR-0002-171) 
 
Key Study Findings 

 PR-171 did not significantly inhibit (>50%) any of the enzymes tested at 10 M.  
Nevertheless, there was a trend for a 3-fold higher activity against human 
pancreatic chymotrypsin compared to all other enzymes tested.   

 
METHODS 
The inhibitory activities of 10 M PR-171 and bortezomib were tested against a panel of 
21 proteases, including serine proteases, metalloproteases, cysteine proteases and 
aspartyl proteases. 
 
RESULTS 
PR-171 only inhibited human pancreatic chymotrypsin by 38% and did not meet the 
criteria for significant inhibition (≥50% inhibition) compared to control.  Nevertheless, 
PR-171 only inhibited all other enzymes by ≤11% and had 3-fold higher activity for 
chymotrypsin over the other enzymes.  Conversely, bortezomib inhibited human 
pancreatic chymotrypsin as well as cathepsin G (neutrophils) and chymase (mast cells 
and skeletal muscle) by ≥90%.  Bortezomib also inhibited rennin, angiotensin converting 
enzyme (ACE), and human leukocyte elastase by >25%. 
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Table 5:  Protease inhibition by PR-171 and bortezomib in vitro 

 
(Table excerpted from Applicant’s package) 

 
 
Selectivity of PR-171: Testing Against a Panel of Receptors and Enzymes (Study 
TR-0003-171) 
 
Key Study Findings 

 PR-171 inhibited the neurokinin NK2 receptor, but with 100-fold less potency than 
for the 20S proteasome. 

 
METHODS 
Binding and inhibitory activity of 10 M PR-171 was examined against a broad 
specificity  Diversity Panel, which includes 67 receptors and 16 enzymes. 
 
RESULTS 
PR-171 binds to neurokinin NK1 (61%, IC50 = 22 M) and NK2 (120%, IC50 = 0.7 M) 
receptors and the sodium channel (51%), but with 100-fold lower potency than towards 
the proteasome.  No significant activities (>50%) were seen with other receptors or 
enzymes. 
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Table 7:  In vitro hERG inhibition by carfilzomib 

 
(Table excerpted from Applicant’s package) 

 
 

5 Pharmacokinetics/ADME/Toxicokinetics 

5.1 Pharmacokinetics 
 
Pharmacokinetics of Carfilzomib in Sprague Dawley Rats Following a Single 
Intravenous Bolus or Infusion Administration (Study TR-0383-171) 
 
Key Study Findings 

 Rapid elimination of PR-171 (t1/2 < 20 min) thru non-hepatic mechanisms. 
o Therefore, immediate sampling after bolus injection is necessary to avoid 

underestimating Cmax and overestimating clearance. 
 AUC exposure, clearance, and t1/2 are similar after intravenous bolus and infusion 

administration. 
 

METHODS 
The pharmacokinetics of PR-171 was evaluated in Sprague Dawley rats receiving IV 
bolus injection or IV infusion of PR-171 (2, 4, or 8 mg/kg).  For bolus injections, plasma 
samples were collected Predose, immediately after dosing (0.1 min), and at 1, 2, 5, 15, 
30, and 60 min post-dose.  Samples at 120 min post bolus dose were also evaluated in 
an additionally cohort.  For infusions, animals received 8 mg/kg PR-171 infused over 30 
minutes, and samples were collected pre-dose and 15, 30, 32, 35, 45, 60, 90, and 150 
post start of infusion. 
 
RESULTS 
Cmax for bolus injection was achieved immediately after administration and was rapidly 
cleared, wherein plasma clearance was much higher than reported rat hepatic blood 
flow, suggesting that PR-171 is eliminated primarily through non-hepatic mechanisms. 
Cmax after infusion (1.55 M) was achieved within 15 min post the start of infusion, but 
was 28-fold lower than for bolus injection.  Conversely, AUCinf exposure, clearance, and 
half life (<20 min) were similar for both infusion and bolus administration. 
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Table 9:  Pharmacokinetic parameters of frozen and lyophilized carfilzomib drug 
product in rats following intravenous bolus administration 

 
(Table excerpted from Applicant’s package) 

 
 
Dose Range Finding Toxicology Study of PR-171 in Male Cynomolgus Monkeys: 
PR-171 Quantitation in Plasma Samples and Estimation of Non-Compartmental 
Pharmacokinetic Parameters (Study TR-0012-171) 
 
Key Study Findings 

 Biphasic half life: t1/2=0.6 to 1.3 min and t1/2 =7.5 to 8.5 min 
 Large distribution into peripheral tissues. 
 Majority of drug clearance occurs in the first minute. 
 

METHODS 
Non-compartmental pharmacokinetic parameters were estimated from a range-finding 
IV bolus toxicity study in Cynomolgus monkeys receiving 0, 1, 2, or 4 mg/kg PR-171 
(n=3).  Plasma samples were collected at intervals up to 1 hr post dose.  Data was also 
examined by a two compartment analysis (t1/2 and t1/2). 
 
RESULTS 
Plasma concentration vs. time profiles appear biphasic, fitting a two compartment model 
(2 comp) with t1/2=0.6 to 1.3 min and t1/2 =7.5 to 8.5 min.  AUC exposures increased 
dose-dependently.  PR-171 cleared rapidly with the majority clearing during the short 
alpha phase.  Steady state volumes of distribution (Vss) were 3- to 16-fold higher than 
blood volume, suggesting distribution of PR-171 into peripheral tissues.  This is also 
consistent with widespread proteasome inhibition previously reported in peripheral 
monkey tissues.  The mechanism of clearance of PR-171 was unknown during the 
conduct of this study. 
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Table 12:  Noncompartmental pharmacokinetic parameters for 4 mg/kg in 
Cynomolgus monkeys 

 
(Tables and figure excerpted from Applicant’s package) 

 
 
Pharmacokinetics of PR-171 in Mouse Following 5 mg/kg Intravenous Bolus 
Administration (Study TR-0053-171) 
 
Key Study Findings 

 T1/2 = 19 min 
 High plasma clearance comparable to liver blood flow. 
 

METHODS 
Pharmacokinetics of PR-171as determined in balb/c mice after 5 mg/kg IV bolus 
administration at pre-dose, 2, 5, 10, 30, 30, and 60 min post-dose. 
 
RESULTS 
PR-171 exposures rapidly decreased in a multi-exponential manner with a half-life of 19 
min.  In contrast to other species (rat, monkey), the high plasma clearance was 
comparable with liver blood flow in the mouse (90 mL/min/kg), which does not 
necessarily implicate non-hepatic clearance of PR-171 in mice. 
 

Figure 24:  Plasma concentration-time profile following intravenous bolus of 
carfilzomib at 5 mg/kg in male mice 
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Table 13:  Pharmacokinetic parameters of carfilzomib in male mice following an 
intravenous bolus administration of 5 mg/kg 

 
(Table and figure excerpted from Applicant’s package) 

 
 

5.2 Absorption 

 
A Single Dose Pharmacodynamic Study Comparing PR-171 Administered 
Intravenously to PR-58825 Administered Both Intravenously and Nasogastrically 
to Female Cynomolgus Monkeys: Pharmacokinetics of PR-171 and PR-58825 
(Study TR-0046-171-PK) 
 
Key Study Findings 

 PR-171 clearance follows a biphasic, multi-exponential manner. 
 PR-58862 oral bioavailability is very low (0.83%) with high variability. 
 PR-58862 clearance follows a one-compartmental model. 
 

METHODS 
Single dose pharmacodynamics and pharmacokinetics were determined in Cynomolgus 
monkeys after IV bolus administration of 2.5 mg/kg PR-58825 or 2 mg/kg PR-171 and 
nasogastric (NG) administration of 10 or 20 mg/kg PR-58825.  Blood samples were 
collected at pre-dose, 2, 5, 10, 20, 30, 60, and 120 min post-dose. 
 
RESULTS 
PR-171 exposures decline in a biphasic, multi-exponential manner; whereas PR-58825 
clearance follows a one-compartmental model.  PR-58825 has poor oral availability and 
high variability, with a bioavailability of 0.83% after NG administration at the highest 
dose.  Tmax was reached at 35 min after NG administration, compared to being reached 
immediately after IV administration. 
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Figure 26:  Mean plasma concentration-time profile following administration of 
PR-58825 via intravenous bolus at 2.5 mg/kg and nasogastric at 20 mg/kg in 
female Cynomolgus monkeys 

 
(Table and figures excerpted from Applicant’s package) 

 
 

5.3 Distribution  

Absorption, Metabolism, and Excretion of 3H-PR-171 Following Intravenous 
Administration to Rats (Study TR-0041-171) 
 
Key Study Findings 

 3H-PR-171 elimination was very slow, wherein it was still present 168 hours 
postdose. 

 3H-PR-171 was partially eliminated via the urine (14%) and feces (20%), but was 
largely eliminated via metabolism followed by incorporation of 3H-PR-171 
byproducts (i.e. 3H-Phe) into cellular proteins (>44%). 

 3H-PR-171 was widely distributed to all tissues, more so than blood, except for 
epididymes and eye. 

 Given the proposed high rate of metabolism of 3H-PR-171 and incorporation of 
radiolabeled breakdown products into cellular proteins, analysis of proteasome 
inhibition over time within the broad spectrum of tissues is essential to determine 
the distribution and retention of the parent compound within the various tissues, 
in addition to 3H-PR-171 autoradiography. 

 3H-PR-171 pharmacokinetics does not mirror PR-171 pharmacokinetics, likely 
due to contaminating metabolites. 

  
METHODS 
Tissue distribution and tissue:plasma concentration ratios of radiolabeled 3H-PR-171 
were determined in Sprague Dawley male rats following a single 2 mg/kg IV 
administration.  For whole-body autoradiography (WBA), animals were perfused 0.5, 6, 
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24, 72, and 168 hours post-dose.  For analysis of excretion and mass balance: urine 
was collected at 0-8 hrs, 8-24 hrs, and 24-hour intervals up to 168 hrs post-dose; feces 
were collected at 24-hr intervals up to 168 hrs post-dose.  Blood samples were collected 
at 0.083, 0.25, 0.5, 6, 24, 72, and 168 hrs postdose. 
 
RESULTS 
3H-PR-171 was widely distributed in all tissues examined and reached maximum 
concentrations in tissues at 0.5 (urine, bile, pancreas, bladder, stomach) to 24 (pituitary 
gland, bone marrow, thyroid, lung, small intestine, spleen, adrenal gland, exorbital 
lacrimal gland, pineal gland, liver) hours post-dose.  Radioactivity was still detected at 
168 hours (liver, muscle, skin, small intestine); however, PR-171 is fully cleared from 
most tissues within 72 hours (study TR-0021-171).  Since the radiolabel is present on 
phenylalanine, its possible that the radioactivity at 168 hours (>44%) is indicative of 
incorporation of 3H-Phe into cellular proteins, after metabolism of 3H-PR-171, or 3H-Phe-
derived compounds or amines (i.e. dopamine).  3H-PR-171-derived activity was present 
in brain and testis after 168 hrs, but without inhibition of proteasome activity (study TR-
0021-171), indicating that inactive PR-171-derived metabolites or 3H-byproducts cross 
the blood/brain and blood/testis barriers, which is present after longer timepoints.  
Radioactivity was detected in blood at all time points, indicating that 3H-PR-171 may 
bind to RBCs and/or plasma. Residual activity in plasma and urine at later timepoints 
are likely 3H-PR-171 due to the presence of tritiated water after breakdown of 3H-PR-
171.  Tissue:plasma ratios were greater than 1.0 at all timepoints, except for epididymes 
and eye, indicating that 3H-PR-171 is readily absorbed into most all tissues and are 
present more in the tissues than the blood.   The highest levels of radioactivity were 
detected in muscle > liver > skin > intestine.  3H-PR-171 was only partially eliminated 
via the urine (14%) and feces (20%).  Peak radioactivity was seen in plasma at 6 hours 
instead of 30 min (earliest time point examined), which is what would have been 
expected based on PR-171 pharmacokinetics in SD rats (Study #TR-0383-171 and 
#TR-0079-171).  This further suggests that the pharmacokinetics of 3H-PR-171 
radioactivity studies do not parallel PR-171 pharmacokinetics, likely due to 
contamination with radiolabeled metabolites. 
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Figure 27:  Concentrations of radioactivity in plasma after a single intravenous 
dose of 3H-PR171 to male rats 

 

Figure 28:  Amount of 3H-PR-171 in urine and feces (%) after a single intravenous 
dose in male rats 
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Table 16:  Tissue:plasma concentration ratios after a single intravenous 
administration of 3H-PR-171 to male rats 
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Figure 30:  Whole-body autoradiograph of male rat (C24123) administered a single 
intravenous dose of 3H-PR-171 
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(Figures and table excerpted from Applicant’s package) 

 
 
In vitro protein binding of PR-171 in human, rat and monkey plasma using 
equilibrium dialysis (Study TR-0049-171) 
 
Key Study Findings 

 Binding of PR-171 with plasma proteins is high (93-97%) in all 3 species. 
 Degradation of PR-171 in plasma is high (39-66%) in all 3 species. 
 PR-171 instability could compromise binding studies. 
 

METHODS 
Protein binding of 0.5 and 5 M PR-171 with rat, monkey, and human plasma was 
determined in vitro following 20 hrs of equilibrium dialysis.  
 
RESULTS 
Binding of PR-171 to plasma proteins is similar across all three species between 93% 
and 97% (Table 1).  There were not significant differences in the amount of protein 
binding at the 2 concentrations tested, suggesting that saturation had been reached.  
PR-171 degradation over the 20 hr period was significant with 39% in monkey, 42% in 
human, and 66% in rat.  Thus, plasma protein binding data for PR-171 could be 
compromised by instability and degradation. 
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Table 17:  Percentage of bound carfilzomib in rat, monkey and human plasma 

 

Table 18:  Percentage of remaining carfilzomib after 20 hour incubation in human, 
monkey and rat plasma 

 
(Tables excerpted from Applicant’s package) 

 
 
In vitro Protein Binding of Carfilzomib in Rat, Monkey and Human Plasma Using 
Rapid Equilibrium Dialysis (RED) Device (Study TR-0457-171) 
 
Key Study Findings 

 Binding of PR-171 with plasma proteins is high (94-97%) in all 3 species. 
 PR-171 is stable using the RED device for all 3 species. 
 

METHODS 
Protein binding of 0.4 and 4 M PR-171 with rat, monkey, and human plasma was 
determined in vitro following 6 hrs using a RED device.  
 
RESULTS 
Binding of PR-171 to plasma proteins is similar across all three species between 94% 
and 97% (Table 19).  There were no significant differences in the amount of protein 
binding at the 2 concentrations tested, suggesting that saturation had been reached.  
PR-171 degradation over the 6 hr period was minor, between 0 and ≤ 10%, and PR-171 
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is stable under these conditions.  Thus, the RED device is optimal for determining 
plasma protein binding of PR-171. 
 

Table 19:  Binding of carfilzomib to plasma proteins of rat, monkeys and human 

 

Table 20:  Stability of carfilzomib in rat, monkey and human plasma 

 
(Tables excerpted from Applicant’s package) 

 

5.4 Metabolism  

 
In vitro metabolic stability of PR-171 in human, monkey, rat and mouse liver 
microsomes and cytosols (Study TR-0033-171) 
 
Key Study Findings 

 Very high hepatic clearance in human, rat, and mouse.  
 High hepatic clearance in monkey. 
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 The predominant pathway of metabolism in human, rat, mouse, and monkey was 
P450-mediated.  However hydrolysis was also a major pathway of metabolism in 
monkeys. 

 
METHODS 
In Vitro metabolic stability of PR-171 was determined using human, monkey, rat, and 
mouse liver microsomes.  P450-mediated metabolism was determined using liver 
microsomes with NADPH.  Hydrolysis-mediated metabolism was determined using liver 
cytosol and liver microsomes without NADPH. 
 
RESULTS 
The hepatic clearance of PR-171 was high in monkey (82%) and very high in human, 
rat, and mouse (93-98%).  PR-171 is predominantly metabolized by P450 enzymes in 
all 4 species of liver microsomes (with NADPH).  PR-171 is also metabolized by 
epoxide and/or peptidase hydrolysis in both liver microsomes (without NADPH) and liver 
cytosol in rat, monkey, and human, but very little in mouse.  The major hydrolysis 
metabolite in monkey liver microsomes is the diol metabolite via epoxide hydrolysis.  

Table 21:  In vitro hepatic extraction ratio from liver microsomal incubation with 
NADPH 

 

Table 22:  In vitro intrinsic clearance (CLint (L/min/mg proteins)) from liver 
cytosol incubation and liver mictroxomal incubation with or without NADPH 

 
(Tables excerpted from Applicant’s package) 

 
 
In Vitro Metabolism of [3H]-PR-171 by Rat, Monkey, and Human Hepatocytes 
(Study TR-0040-171) 
 
Key Study Findings 

 6 major radiolabeled metabolites were identified in all 3 species. 
 Metabolite profiles were similar in rat, monkey, and human. 
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o Rat: M5 ≈ M4 > M3 ≈ M6 ≈ M2 > M1 
o Monkey:  M5 > M4 ≈ M6  > M2 > M3 > M1 
o Human:  M5 > M4 > M2 > M3 ≈ M6 > M1 

 No unique human metabolites. 
 PR-171 does not alter hepatocyte Phase I and Phase II metabolic activities. 

 
METHODS 
In Vitro metabolic activity and metabolism of 3 and 10 M 3H-PR-171 were determined 
using human, monkey, and rat primary hepatocytes. For metabolic activity 
assessments, integrated Phase I (7-ethoxycoumarin O-deethylase) and Phase II 
(sulfation and glucuronidation) activities were measured after 0, 30, and 120 min 
incubation with 7-ethoxycoumarin. For metabolism analysis, PR-171 was incubated with 
hepatocytes for 0, 30, 60, and 120 min and analyzed by HPLC, LC/MS, and LC/MS/MS. 
 
RESULTS 
Phase I and II metabolic activities of primary hepatocytes were reported to be in 
agreement with historical values despite the presence of PR-171 (Table 4-1), indicating 
that hepatocyte metabolic activities are not adversely affected by PR-171.  The major 
metabolite in all species was the PR-171 diol (M5), which was highest at 30 min and 
rapidly metabolizes into M6. The second most abundant metabolite, M4, was not 
identified but continues to increase at 120 min.  Metabolites M1 and M2 are tyrosine 
and phenylalanine, respectively.  There were no human-specific metabolites.  Expected 
metabolites resulting from amide bond cleavage would not be radiolabeled and could 
not be detected. 
 
Reviewer note:  Metabolite numbering in this study does not correlate with number of 
metabolites in other nonclinical pharmacokinetic studies.  E.g., the major  metabolite M5 
(diol) is called M16 in other studies.   
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Table 23:  Phase I and II metabolic activities of primary hepatocytes 
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Figure 31:  Putative structures of metabolites found in hepatocytes 
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o M14 > M15, no M16 
 
METHODS 
In Vitro metabolism of PR-171 (1 g/mL) was determined in rat blood and liver, lung, 
and kidney tissue homogenates after 2, 10, 20, 30, 60, and 90 min incubations.  
LC/MS/MS  was used for identification of PR-171 and 3 metabolites (M14, M15, and 
M16), which are different from the metabolites identified after hepatocytes in vitro 
metabolism (study #TR-0040-171).   
   
RESULTS 
M14 and M15 are due to peptidase cleavage and were identified in all rat blood and 
tissue homogenates with M14 being more abundant than M15 in all tissues.  M16 is a 
diol resultant from epoxide hydrolysis, but was not detected in this study. PR-171 was 
rapidly metabolized in liver and kidney (t1/2 = 4min), whereas metabolism in blood was 
10X slower (t1/2 = 39 min).  It is unclear why the predominant metabolites resultant from 
hepatocytes metabolism, M4 and M5 (study #TR-0040-171), were not monitored in this 
study despite the investigation of liver homogenates.   
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Table 27:  Structures of carfilzomib and three metabolites 
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Figure 32:  Formation of carfilzomib metabolites in rat blood and tissue 
homogenates 

 

Table 28:  Half-lives for in vitro metabolism of carfilzomib in rat blood and tissue 
homogenates 

 
(Tables and figure excerpted from Applicant’s package) 

 
 
In Vitro Metabolism of Carfilzomib in Human Hepatocytes (Study TR-0212-171) 
 
Key Study Findings 

 M16, the PR-171 diol resulting from epoxide hydrolysis, is the major metabolite in 
human hepatocytes. 

o M16 >> M14 > M11 ≈ M15 
 PR-171 is not significantly metabolized by human P450 enzymes in vitro. 
 

METHODS 
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In Vitro metabolism of PR-171 (10 M) was determined in human hepatocytes after a 2 
hr incubation followed by LC/MS/MS.  The metabolic stability of PR-171 (1 M) in 
human hepatocytes after 0, 15, 30, 60, and 120 minutes was determined in the absence 
and presence of 6 cytochrome P450 inhibitors targeting CYP1A2, CYP2C8, CYP2C9, 
CYP2C19, CYP2D6 and CYP3A. 
 
RESULTS 
The most prominent metabolite was the diol M16 resultant from epoxide hydrolysis.  
The peptidase cleavage metabolites M14 and M15 were in low abundance.  The 
phenylalanine moiety metabolite M11 (also designated M4 in study #TR-0040-171) was 
also identified.  P450-dependent metabolites were not identified.  The presence of P450 
inhibitors did not alter the rate of carfilzomib metabolism, indicating that P450s do not 
play a significant role. 
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Table 29:  Metabolites of carfilzomib identified from incubation with 
cryopreserved human hepatocytes 
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Figure 33:  Disappearance of carfilzomib and formation of the diol metabolite M16 
in cryopreserved human hepatocytes 

 

Table 30:  Effect of P450 inhibitors on the rate of carfilzomib metabolism 

 
(Tables and figure excerpted from Applicant’s package) 

 
 
Searching and Identification of Carfilzomib (PR-171) Metabolites in Rat Plasma, 
Bile, and Urine and in Monkey Plasma (Study TR-0271-171) 
 
Key Study Findings 

 The principle pathway of metabolism for PR-171 is via peptidase cleavage and 
epoxide hydrolysis. 

 The major in vivo metabolites in rat and monkey plasma are M14 and M16. 
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o Rat: M14 > M16 
o Monkey: M16 > M14 

 The major in vivo metabolite in rat urine and bile is M14. 
o Urine: M14 >> M16 > M18 > M12 ≈ M20 > M15 ≈ M10 > M8 > M9 > M11 ≈ 

M24 ≈ M9 ≈ M2 ≈ M19 
o Bile: M14 > M16 > M18 > M20 > M19 > M24 > M15 > M2 ≈ M8 ≈ M9 ≈ 

M10 ≈ M12 
 Profiles of major PR-171 metabolites in monkey and rat plasma and urine are 

similar to those of human plasma and urine (see section 2.2.6 Comments on 
Human Metabolites). 

 
METHODS 
In vivo metabolites of PR-171 were identified in monkey plasma (0.5, 1, and 2 mg/kg) 
and rat plasma (1, 2, and 4 mg/kg), bile (2 mg/kg), and urine (2 mg/kg) using LC/MS 
and quantified using LC/MS/MS.  
 
RESULTS 
M14 (resultant from peptidase cleavage) was the predominant metabolite in rat urine 
and bile.  In monkey and rat plasma, the predominant metabolites are M14 and M16 
(diol resultant from hydrolysis).  These findings are consistent with human plasma and 
urine (Study #TR-0077-171). 

Table 31:  Carfilzomib metabolites identified by LC/MS 
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(Table excerpted from Applicant’s package) 

 
 

5.5 Excretion  

 
Pharmacokinetics and Renal and Biliary Excretion of Carfilzomib (PR-171) and Its 
Metabolites in Sprague Dawley Rats Following a Single Intravenous Bolus 
Administration (Study TR-0294-171) 
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Key Study Findings 
 PR-171 is rapidly (majority < 4 hrs) cleared largely extrahepatically, with 30% 

being cleared via biliary excretion and 30% via the kidneys by 24 hours post-
dose, and with the majority being excreted within the first 4 hours. 

o Renal excretion:  M14 >> M15 ≈ M16 > PR-171 
o Biliary excretion:  M15 ≈ M14 > M16 >> PR-171 

 
METHODS 
Renal and biliary excretion and pharmacokinetics of PR-171 (2 mg/kg IV bolus) and its 
major metabolites were examined in bile duct-cannulated Sprague Dawley rats.  Blood 
samples were collected at pre-dose, 2, 5, 15, 30, 60, 120, and 240 min post-dose 
(groups A & B) or pre-dose, 0.2, 1, 2, 5, 15, 30, 60, and 120 min post-dose (group C).  
Urine samples were collected at 0-4, 4-8, and 8-24 hr post-dose.  Cumulative bile 
samples were collected at 0-4 and 4-8 hr post-dose in cannulated animals. 
 
RESULTS 
Plasma Pharmacokinetics: Immediate sampling (Group C) resulted in a 10-fold higher 
Cmax, even though the PK profiles are similar, due to the significantly higher exposures 
before the 2 min time point in Groups A and B.  Consequently, plasma clearance is 
overestimated in Groups A and B.  Plasma clearance in Group C is 5-fold higher than 
rat hepatic blood flow which indicates that PR-171 is largely eliminated extrahepatically. 

Figure 34:  Plasma concentration-time profiles of carfilzomib after a single 
intravenous bolus administration of 2 mg/kg in rats 
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Table 32:  Pharmacokinetic parameters of carfilzomib following a single 
intravenous bolus administration of 2 mg/kg in male rats 

 
 
Renal Excretion: The majority was excreted in the first 4 hours.  Renal excretion accounted for 26% to 
30% of the PR-171 dose.  Very little (<1%) was excreted as parent compound, whereas the predominant 
form was the M14 metabolite.   

Table 33:  Renal excretion of carfilzomib and its metabolites in rats after an 
intravenous bolus administration of 2 mg/kg 

 
 
Biliary Excretion: The first 4 hours accounted for 98% of what was excreted in the bile.  Bile excretion 
accounted for 30% of the PR-171 dose.  Very little (<1%) was excreted as parent compound, whereas the 
predominant forms were the metabolites M14 and M15.   
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Table 34:  Biliary excretion of carfilzomib and its metabolites in rats after an 
intravenous bolus administration of 2 mg/kg 

 

 
(Tables and figure excerpted from Applicant’s package) 

 
 

5.6 Pharmacokinetic Drug Interactions  

 
Inhibition of cytochrome P4501A2, cytochrome P4502C19, cytochrome P4502D6 
and cytochrome P4503A4 catalytic activities by PRX-002 (Study TR-0034-171) 
 
Key Study Findings 

 PRX-002 does not inhibit recombinant human CYP1A2, CYP2C9, CYP2C19, and 
CYP2D6 activities. 

 PRX-002 weakly inhibits recombinant human CYP3A activity (IC50 = 3 to 4 M) 
 
METHODS 
In Vitro inhibition of recombinant human cytochrome P450s (CYP1A2, CYP2C9, 
CYP2C19, CYP2D6 and CYP3A) by PRX-002 was determined in insect cell 
microsomes.  
 
RESULTS 
PRX-002 weakly inhibits CYP3A activities with an IC50 value of 3 to 4 M, but does not 
inhibit any of the other enzymes examined. 
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Table 35:  In vitro CYP P450 inhibition by carfilzomib 

 
(Table excerpted from Applicant’s package) 

 
 
The Effect of PR-171 on Hepatic Microsomal Levels of Total Cytochrome P450 
and Selected Enzyme Activities in Male and Female Sprague Dawley Rats 
Following Repeat IV Bolus Administration at Doses of 0, 2, 4, and 6 mg/kg/day for 
18 and 19 Days (Study TR-0042-171) 
 
Key Study Findings 

 Drug-related decreases in CYP2C activity in both sexes at 1 hr post-dose and in 
males at 24 hr post-dose, but 2- to 3-fold increase in females at 24 hr post-dose. 

 Drug-related decreases in CYP3A activity in both sexes 24 hr post-dose, but not 
at 1 hr post-dose. 

 No drug-related effects on CYP1A and CYP2D activity or on hepatic microsomal 
protein yield and total cytochrome P450 content. 

 
METHODS 
In vivo effects of PR-171 on hepatic microsomal protein and cytochrome P450 enzymes 
were determined using microsomes isolated on Day 18 (1 hr post-dose) or Day 19 (24 
hr post-dose) from SD rats treated with 0, 2, 4, and 6 mg/kg PR-171 IV bolus on Days 
0-4 and 14-18.  Lethality occurred at 4 and 6 mg/kg, resulting in no Day 18 samples at 
those doses. 
 
RESULTS 
No drug-related effects on hepatic microsomal protein yield or total cytochrome P450 
content.  PR-171-mediated, dose-dependent decreases in CYP2C activity (↓47-55%, ♂ 
& ♀) were seen on Day 18 and dose-dependent decreases (up to 94%) in males on Day 
19, in contrast to females with up to a 3-fold increase (Day 19).  Dose-dependent (up to 
84%) decreases in CYP3A activity were seen in males, and to a lesser degree in 
females, on Day 19.  There were no significant changes in CYP3A activity in either sex 
on Day 18.  No drug-related effects on CYP1A and CYP2D activities. 
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Table 36:  CYP2C activities in rats following intravenous bolus administration of 
carfilzomib  

 

Table 37:  CYP3A inhibition in rats following intravenous bolus administration of 
carfilzomib 

 
(Tables excerpted from Applicant’s package) 

 

Reference ID: 3138993



NDA# 202714                                                      Reviewers: Dr. Bray and Dr. Hawes 
 

81 

 
The Effect of PR-171 on Hepatic Microsomal Levels of Total Cytochrome P450 
and Selected Enzyme Activities in Male and Female Sprague Dawley Rats 
Following Repeat IV Bolus Administration at Doses of 0, 0.5, 1, and 2 mg/kg/day 
for 19 and 28 Days (Study TR-0043-171) 
 
Key Study Findings 

 Drug-related decreases in CYP1A activity in both sexes (all doses) at 1 day post-
dose, but not 10 days after dosing. 

 No drug-related effects on CYP3A and CYP2C activity. 
 Equivocal effects on hepatic microsomal protein yield and total cytochrome P450 

content. 
 

METHODS 
In vivo effects of PR-171 on hepatic microsomal protein and cytochrome P450 enzymes 
were determined using microsomes isolated on Day 19 (1 day post-dose) and Day 28 
(10 days post-dose) from Cynomolgus monkeys treated with 0, 0.5, 1, and 2 mg/kg PR-
171 IV bolus on Days 0-4 and 14-18.  Due to sample pooling, only 2-fold changes were 
considered significant.  Severe toxicity and lethality occurred at 2 mg/kg, resulting in no 
drug administration on Days 14 – 18 for 2 mg/kg group. 
 
RESULTS 
A non-dose-dependent increase in protein yield and drop in total cytochrome P450 
activity was observed in males at 1 mg/kg, but with unclear biological significance due 
to lack of dose-dependency and changes in opposite directions.  Decreases in CYP1A 
activity (↓23-72%) were seen in both sexes (all doses) at 1 day post-dose, but lacked 
clear dose dependency and were not seen at 10 days post-dose.  No drug-related 
effects on CYP3A and CYP2C activities. 

Table 38:  Microsomal protein yields and total cytochrome P450 content in 
Cynomolgus monkeys after intravenous bolus administration of carfilzomib 
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Table 39:  Microsomal CYP1A activity in Cynomolgus monkeys after intravenous 
bolus administration of carfilzomib 

 
(Tables excerpted from Applicant’s package) 

 
 
In Vitro Evaluation of Carfilzomib as an Inhibitor of Human Cytochrome P450 
Enzymes (Study TR-0081-171) 
 
Key Study Findings 

 PR-171 is a direct, competitive, and irreversible/quasi-irreversible inhibitor of 
CYP3A4/5 enzymes with relatively moderate potency (IC50 = 0.5-1.6 M, Ki = 1.7 
M, Kinact = 0.1 min-1). 

 PR-171 is also a direct, but weak inhibitor of CYP1A2, CYP2C9, CYP2C19 and 
CYP2D6 (IC50 >10 M). 

 PR-171 does not inhibit CYP2C8. 
 

METHODS 
Direct and time-dependent inhibitory potential of PR-171 on P450 CYP enzyme 
activities (CYP1A2, CYP2C8, CYP2C9, CYP2C19, CYP2D6, CYP3A4/5) was evaluated 
in human liver microsomes.  Dependency of PR-171-mediated inhibition on the cofactor 
NADPH and dilution were also assessed.  The ability of PR-171 to form a metabolite 
inhibitory complex (MIC) was explored with human liver microsomes with high levels of 
CYP3A4/5 activity. 
 
RESULTS 
PR-171 directly and time-dependently inhibits CYP3A4/5 in a competitive manner with 
IC50 = 0.5-1.6 M, Ki = 1.7 M, and Kinact = 0.1 min-1.  PR-171 inhibition of CYP3A4/5 is 
dependent on NADPH and is resistant to dilution, suggesting that it is an irreversible or 
quasi-irreversible inhibitor.  PR-171 also minimally (IC50 >10 M), but directly, inhibits 
CYP1A2, CYP2C9, CYP2C19 and CYP2D6.  There was no inhibition of CYP2C8 by 
PR-171.  A PR-171-derived MIC was not spectrally visible. 
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were equivocal at ≤ 0.5 M, but clearly resulted in decreased CYP1A2 activity at 2.5 M 
that were not likely due to a direct inhibition of CYP1A2.  CYP3A4 mRNA expression 
decreased dose-dependently at all doses in 2/3 cultures and at ≥ 0.5 M in 1/3 cultures, 
indicating that the larger degree of PR-171- mediated CYP3A4 inhibition after 3 days of 
exposure may be associated with down-regulation of CYP3A4 mRNA expression.  PR-
171 is not a CYP1A2 or CYP3A4 inducer. 
 

Table 41:  In vitro CYP1A2 activity in human primary hepatocytes treated with 
carfilzomib 
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Table 42:  In vitro CYP3A4 activity in human primary hepatocytes treated with 
carfilzomib 
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Table 43:  Effect of carfilzomib on CYP3A4 mRNA expression in primary human 
hepatocytes 

 
(Tables excerpted from Applicant’s package) 

 
 
Assessment of Carfilzomib as Substrate and Inhibitor of P-glycoproteins in a 
Caco-2 Monolayer System (Study TR-0087-171) 
 
Key Study Findings 

 PR-171 is a P-glycoproteins (P-gp) substrate at all concentrations examined (≥ 
0.1 M). 

 PR-171 weakly inhibits P-gp transport at 3 M.  Dose-dependent inhibition was 
not assessed. 

 
METHODS 
Bi-directional permeability across a Caco-2 monolayer was used to assess if PR-171 is 
a substrate (0.1, 1, and 3 M PR-171) or inhibitor (3 M only) of P-gp. 
 
RESULTS 
Efflux ratios of PR-171 ranged from 6.3 to 14.5 in Caco-2 cells, suggesting that efflux 
proteins transport PR-171.  Furthermore, P-gp inhibitors (ketoconazole and 
cyclosporine A) decreased PR-171 efflux ratios, further indicating the PR-171 is a P-gp 
substrate (≥ 0.1 M). PR-171 (3 M) inhibited the transport of Digoxin by 25%, 
suggesting that PR-171 is a weak inhibitor of P-gp transport. 
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Ex-Vivo Evaluation of Cytochrome P450 Expression in Sprague-Dawley Rats 
Treated with Carfilzomib (Study TR-0196-171) 
 
Key Study Findings 

 PR-171 decreases CYP2B, CYP2C, and CYP3A expression and activity in male 
rats, but not females. 

 PR-171 may increase CYP4A mRNA expression and activity in male rats, but not 
females. 

 PR-171 does not have a clear effect on CYP1A due to equivocal mRNA 
expression and enzyme activity data. 

 PR-171 decreases total hepatic CYP content in males at all doses and in females 
at 4 mg/kg. 

 
METHODS 
In vivo effects of PR-171 on hepatic CYP enzyme (CYP1A, CYP2B, CYP2C, CYP3A, 
and CYP4A) activity and mRNA expression in Sprague Dawley rats from the 6-month 
toxicity study #TR-0074-171, wherein animals received IV bolus administration of 0, 1, 
2, or 4 mg/kg PR-171 for 2 consecutive days per week for 3 weeks on a 28-day cycle 
for a total of 6 months.  Microsomes were prepared from liver samples were harvested 
24 hr post-dose at the end of the final cycle (Cycle 6) on Day 157.  CYP enzyme activity 
was measured by quantifying metabolite formation and qRT-PCR was used to assess 
mRNA expression. Total hepatic CYP content was determined via CYP-carbon 
monoxide complex absorbance using spectrophotometry. 
 
RESULTS 
CYP1A mRNA expression was dose-dependently increased in males, but not females 
and was not associated with a clear increase in activity.  CYP2B mRNA expression 
(↓80%) and enzyme activity (↓40%) were both reduced in males at 4 mg/kg, but there 
was lack of dose-dependency or correlation of expression and activity data at lower 
doses and in females.  CYP2C activity (↓27-72%) and mRNA expression (↓61-89%, 
dose-related) were decreased at all doses in males, but not in females.  CYP3A4 mRNA 
expression (↓52-89%, dose-related) at ≥2 mg/kg and enzyme activity (↓81%) at 4 mg/kg 
were both reduced in males, but there was lack of dose-dependency or correlation of 
expression and activity data in females.  Increases in CYP4A1 activity (23-35%) and 
mRNA expression (↑18.8-fold) were observed in males at 4 mg/kg, but lacked dose-
dependency or correlation of expression and activity data at lower doses and in 
females.  Total CYP-carbon monoxide complex absorbance was decreased in males 
(↓21-67%) at all doses and females (↓36%) at 4 mg/kg. 
 
Ex-Vivo Evaluation of Cytochrome P450 Expression in Cynomolgus Monkeys 
Treated with Carfilzomib (Study TR-0197-171) 
 
Key Study Findings 

 PR-171 decreases CYP1A expression and activity in females, but male findings 
were equivocal. 
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 PR-171 may increase CYP2C mRNA expression and activity in males, but not 
females. 

 PR-171 does not have a clear effect on male or female CYP3A enzyme 
expression and activity, due to non-correlative findings. 

 PR-171 decreases total hepatic CYP content in females at all doses, but not 
males. 

 
METHODS 
In vivo effects of PR-171 on hepatic CYP enzyme (CYP1A, CYP2C, and CYP3A) 
activity and mRNA expression (CYP1A1 and CYP3A4) in Cynomolgus monkeys from 
the 9-month toxicity study #TR-0073-171, wherein animals received IV bolus 
administration of 0, 0.5, 1, or 2 mg/kg PR-171 for 2 consecutive days per week for 3 
weeks on a 28-day cycle for a total of 9 months (9 cycles).  Microsomes were prepared 
from liver samples that were harvested 24 hr post-dose at the end of the final cycle 
(Cycle 9) on Day 241.  CYP enzyme activity was measured by quantifying metabolite 
formation and qRT-PCR was used to assess mRNA expression. Total hepatic CYP 
content was determined via CYP-carbon monoxide complex absorbance using 
spectrophotometry. 
 
RESULTS 
A dose-dependent decrease in CYP1A activity (↓61%) with a non-significant trend for 
decreased mRNA expression was observed in females at ≥ 1 mg/kg.  Although males 
had significantly decreased CYP1A mRNA expression (↓71%) at 4 mg/kg, there were 
no differences in male CYP1A activity.   Non-dose-dependent increases in CYP2C 
activity (↑42%) were seen at 1 mg/kg, but mRNA expression was not determined.  
CYP3A activity was dose-dependently increased in males (≥ 1mg/kg, ↑18-37%) and 
non-dose-dependently decreased in females (0.5 and 1 mg/kg only); whereas, CYP3A 
mRNA expression was dose-dependently decreased (↓76-85%), reaching significance 
at 2 mg/kg, in males and females.  Since CYP3A activity changes do not necessarily 
correlate with the direction of mRNA expression changes, these findings suggest that 
PR-171 does not necessarily alter CYP3A.  PR-171 dose-dependently decreased total 
hepatic CYP content in females (↓16-29%) at all doses, but only at 1 mg/kg in males 
(↓19%). 
 
 

5.7 Toxicokinetics  

Toxicokinetics of Carfilzomib in an Intravenous Embryo-Fetal Toxicity Study in 
Rats (GLP) (Study TR-0250-171) 
 
Key Study Findings 

 Metabolite exposure levels: PR-389 (M14) > PR-519 (M16) > PR-413 (M15) 
 The half life increases with dose from 9 to 71 min at the highest dose 
 The half life of PR-389 is up to 4 times higher than the parent compound. 
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 Reduction in exposures to PR-171 at HD and PR-519 on GD17 may be due to 
peptidase cleavage and epoxide hydrolysis, rather than changes in hepatic P450 
metabolism. 

 
METHODS 
Toxicokinetics of PR-171 and its metabolites (PR-389, PR-413, and PR-519) were 
evaluated in an embryo-fetal rat toxicity study. Pregnant Sprague Dawley rats received 
daily IV injections of PR-171 (0.5, 1 or 2 mg/kg) from Gestation Day (GD) 6 to 17. On 
the first and last day of dosing, plasma samples were collected at 5, 15, 30, and 60 min 
post-dose. 
 
RESULTS 
A dose-proportional increase in exposure to PR-171 was seen between 0.5 and 1 
mg/kg, but more than dose-proportionally (>2-fold) on GD6 and less than dose-
proportional increases on GD 17 at 2 mg/kg.  PR-389 is the most abundant metabolite, 
followed by PR-519, than PR-413.  Exposure to all 3 metabolites increases dose-
proportionally.  Exposures for PR-519 and 2 mg/kg PR-171 were lower on GD17 
compared to GD6.  The sponsor proposes that decreased exposures on GD 17 are 
likely due to peptidase cleavage and epoxide hydrolysis, rather than drug-related 
changes in hepatic P450 metabolism.  Plasma clearance is higher than rat hepatic 
blood flow at all doses.  Tmax was reached at 5 min for all 4 compounds.  The half-life 
of PR171 increased from 9 min to 14 - 71 min (GD6) with increased dosing. The half-life 
of the predominate metabolite, PR-389, is up to 4 times longer (25-43 min) than the 
parent compound at doses ≤ 1 mg/kg. 

Table 44:  Pharmacokinetic parameters of carfilzomib and its metabolites at 0.5 
mg/kg in pregnant rats 
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Table 45:  Pharmacokinetic parameters of carfilzomib and its metabolites at 1 
mg/kg in pregnant rats 

 

Table 46:  Pharmacokinetic parameters of carfilzomib and its metabolites at 2 
mg/kg in pregnant rats 

 
(Tables excerpted from Applicant’s package) 

 
 
Toxicokinetics of Carfilzomib in a 3/6-Month Intravenous Toxicity Study in Rats 
(GLP) (Study TR-0251-171) 
 
Key Study Findings 

 Exposures of PR-171 and 3 inactive metabolites [PR-389 (M14), PR-413 (M15), 
and PR-519 (M16)], increase dose-proportionally. 

 Elimination of PR-171 and the metabolites decreases with repeat dosing.  
 
METHODS 
Toxicokinetics of PR-171 and its metabolites (PR-389, PR-413, and PR-519) were 
evaluated in satellite groups as part of a 9-month toxicity study (study # 07-2026/TR-
0072-171). Sprague Dawley rats received IV injections of PR-171 (1, 2, or 4 mg/kg) on 
Days 1, 2, 8, 9, 15, and 16 of a 28-day cycle for a total of 6 months. On the first day of 
dosing for cycle 1 (Day 1), cycle 3 (Day 57), and cycle 6 (Day 142), plasma samples 
were collected predose and at 5, 15, 30, and 60 min post-dose. 
 
RESULTS 
Mortality occurred at 4 mg/kg.  Exposures increased dose-proportionally.  Cmax and 
AUC exposures were 2-fold higher on Day 57 and 142 than on Day 1, indicating 
accumulation at all doses.  Exposures to the parent compound at ≥ 2 mg/kg were lower 
in females than in males on Day 57 and 142, but comparable on Day 1, indicating that 
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the parent compound is less efficiently degraded at high doses in females than in 
males.  Plasma clearance values were higher than hepatic blood flow at all doses, 
suggesting that PR-171 is largely eliminated extrahepatically.  Since the half-life is very 
short, the increase in exposures with time is likely due to decreased elimination rather 
than drug accumulation. 
 
Metabolite exposures increased dose-proportionally and showed signs of decreased 
elimination after repeated dosing, similarly to the parent compound in both males and 
females. 
 

Table 47:  Pharmacokinetic parameters of carfilzomib in rats 
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Table 48:  Pharmacokinetic parameters of the carfilzomib metabolite, PR-389, in 
rats 

 

Table 49:  Pharmacokinetic parameters of the carfilzomib metabolite, PR-413, in 
rats 
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 Exposures of carfilzomib increased less than dose-proportionally, likely due to 
increased clearance. 

 Exposures of the 3 major inactive metabolites [PR-389 (M14), PR-413 (M15), 
and PR-519 (M16)], increased dose-proportionally. 

 The metabolite PR-519 had the highest Cmax value, but both PR-519 and PR-389 
had the highest metabolite exposure levels. 

 The half-life of PR-389 was longer (30-60 min) than that of carfilzomib (11-15 
min), PR-519 (10 min), and PR-413 (20 min). 

 
METHODS 
Cynomolgus monkeys (4-6/sex/group) were administered IV bolus of 0, 1, 2, or 4 mg/kg 
carfilzomib for 9 cycles.  For each cycle, monkeys were dosed the 2 consecutive days 
per week for 3 weeks, followed by a 12-day washout period.  Plasma concentrations of 
carfilzomib and its metabolites (PR-389, PR-413, and PR-519) were determined on the 
first day of dosing for cycle 1 (Day1), 3 (Day 57), 6 (Day 141), and 9 (Day 225) at 
Predose, 5, 15, 30, and 60 minutes post-dose. 
 
RESULTS 
The average half-life of carfilzomib in both males and females was 11 to 15 minutes.  
Plasma clearance was markedly (>10-fold) higher than hepatic blood flow, indicating 
extrahepatic elimination.  There were no indications of accumulation or gender effects in 
carfilzomib or metabolite exposure levels.  Dose-dependent increases in plasma 
clearance were likely responsible for the observed less than dose-proportional increase 
in carfilzomib exposures.  However, metabolite exposures increased dose-
proportionally.  Metabolites formed rapidly, reaching Tmax ranging from 5 to 19 minutes 
post-dose.  The metabolite with the highest Cmax was PR-519, but it also had the 
shortest metabolite terminal half-life of 10 minutes.  Since PR-389 had the longest half-
life (30-60 min), total exposure (AUClast) levels were similar to PR-519.  PR-413 had an 
intermediate half-life of 20 min and the lowest exposure levels. 
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Table 52:  Pharmacokinetic parameters of carfilzomib in Cynomolgus monkeys 

 

Table 53:  Pharmacokinetic parameters of PR-389 in Cynomolgus monkeys 
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Figure 35:  Plasma concentration-time profile for carfilzomib in Cynomolgus 
monkeys 

 
(Tables and figure excerpted from Applicant’s package) 

 
 

6 General Toxicology 

6.1 Single-Dose Toxicity 

The Applicant submitted 4 single dose toxicity reports (3 rat, 1 nonhuman primate).  The 
single dose IV bolus administration of carfilzomib in rats resulted in significant toxicity at 
≥7 mg/kg, which included lethargy and piloerection.  Chymotrypsin-like proteasome 
activity inhibition was observed in whole blood, kidney, liver, heart, lung and adrenal at 
≥1 mg/kg, with reversibility noted in tissues, but not blood.   Signs of hepatotoxicity and 
nephrotoxicity based on gross pathology, hematology and clinical chemistry were 
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observed.  Infusion of carfilzomib resulted in reduced toxicity compared to bolus 
administration. 
  
Study Report #TR-0006-171   
Single bolus intravenous doses ranging from 0.5 to 9 mg/kg were administered to male 
Sprague-Dawley rats in two separate studies (#012: 0.5, 1.5, 4.5, and 7 mg/kg 
(n=15/group); #015: 1, 3, and 9 mg/kg (n=12/group)).  There was significantly 
decreased body weight at 9 mg/kg and two deaths between 24 and 48 hrs post-dose.  
In both studies, animals at ≥7 mg/kg exhibited lethargy and piloerection at 1 and 4 hrs 
post-dosing.   Dose-dependent, near-complete, irreversible blood cell chymotrypsin-like 
proteasome activity inhibition was observed in Study #012 (maximal effect at 7 mg/kg).   
In most tissues, inhibition ranged from 40-80% within 1 hr of dosing; the most sensitive 
tissues were blood, heart, lung and adrenal glands.  There was no effect noted in the 
brain.  Minor, inconsistent changes were noted in hematology and clinical chemistry 
values on Day 1 with recovery by Day 7.  Reticulocytes (absolute and %) were 
significantly increased at ≥4.5 mg/kg in Study# 012, but no change was noted in Study 
#015.  Platelets were significantly decreased at 9 mg/kg in #015, but not in #012.  
Serum phosphorus at 7 mg/kg and albumin at ≥4.5 mg/kg were significantly decreased 
in Study# 012, but not in Study# 015.   
 
Study Report #TR-0010-171   
Single bolus intravenous doses ranging from 2 to 25 mg/kg were administered to male 
Sprague-Dawley rats (n=12/group) in two separate parts (A: 10, 15, and 25 mg/kg; B: 2, 
4.5, 9 mg/kg).  Mortality was observed in 2/12 animals at 10 mg/kg and all animals at 
≥15 mg/kg in Part A.  At 10 mg/kg, surviving animals displayed trouble breathing, rough 
coats and lethargy during the first hour following dosing with transient weight loss that 
was fully recovered by Day 10.  Albumin, albumin:globin ratio, and ALP were 
significantly decreased on Days 1-2, and calcium and glucose were significantly 
reduced on Day 1 at all doses.  AST, BUN, and creatinine were significantly increased 
on Day 1.  At all doses, inhibition of  chymotryptic-like proteasome activity in tissues 
was observed, with adrenal, lung, heart, whole blood (primarily erythrocytes), PBMC, 
spleen, and bone marrow showing >90%; liver and kidney demonstrated reduced 
inhibitions.  Inhibition was absent in whole blood at Day 7 in the 10 mg/kg group.  In 
Part B, PR-171 demonstrated dose-proportional linear AUC exposure with a very short 
half-life of 15 minutes.  All at doses, inhibition of whole blood chymotryptic-like 
proteasome activity was >85% and >90% at 1 and 2 hr post-dose, respectively. 
 
Study Report #TR-0356-171 
Single bolus or infusion intravenous doses of 8 mg/kg carfilzomib were administered to 
male Sprague-Dawley rats (n=3-10/group) in 7 separate parts (SN311, SN314, SN317, 
SN320, SN328, SN329, and SN331 (8, 10, and 12 mg/kg as a 10 or 30 min infusion)).   
Overall, mortality was noted in 14/32 animals receiving bolus compared to 0/24 and 1/8 
receiving 30 min or 10 min infusion, respectively.   At 10 and 12 mg/kg there were 1/6 
and 4/6 deaths following a 30 min infusion.  Most deaths occurred between 12 and 24 
hr post-dose and were preceded by clinical signs of ruffled fur, dyspnea, lethargy, and 
pale ears; infusion reduced incidence and severity of findings.  Serum BUN, creatinine 

Reference ID: 3138993



NDA# 202714                                                      Reviewers: Dr. Bray and Dr. Hawes 
 

99 

and ALT at 8 mg/kg bolus were increased.  Infusion of 8 mg/kg resulted in reduced 
increases compared to bolus but had a dose-dependent increase; recovery by 72 hr 
was noted for both 8 mg/kg bolus and infusion.  Cardiac biomarkers myoglobin and 
troponin I were not affected.   Bolus administration of carfilzomib and bortezomib 
resulted in enlarged and impacted stomachs, pale livers, and congested adrenals, 
intestines, kidneys and lungs. Necropsy findings were impacted stomach and pale liver 
in animals receiving the infusion of 8 mg/kg carfilzomib. Potent (>80%) inhibition of 
proteasome activity was seen in all examined tissues at 8 mg/kg carfilzomib.  
Bortezomib at 0.5 mg/kg (IV bolus) resulted in 4/6 animal deaths with comparable 
pharmacodynamics and toxicities to carfilzomib. 
 
Study Report #TR-0008-171 
Single bolus intravenous doses of 1, 1.16, 2 and 4 mg/kg or 1 mg/kg for 5 daily doses 
were administered to male Cynomolgus monkeys (n=3/group).  Two animals (one at 1 
mg/kg and one at 4 mg/kg) were found dead on Day 1 and Day 2 following dosing, 
respectively.  Hunched posture and emesis were observed in 2/4 animals at 4 mg/kg, 
including the animal that died.  Both animals had fluid in the pericardial cavity; the 
animal at 1 mg/kg had fluid in the thoracic cavity; and the 4 mg/kg animal had 
congestion of the liver and kidney and discoloration of the GI tract. Serum BUN and 
creatinine at 4 mg/kg, and monocytes at ≥1.16 mg/kg were elevated and platelets at 1 
and 4 mg/kg were decreased.   Proteasome activity in whole blood and PBMCs was 
inhibited >80% at ≥1 mg/kg with a single dose and at 1 mg/kg for 5 days when 
evaluated 1 hr post-dose.  Recovery of activity was observed by 9 days, except in 
erythrocytes. 
 

6.2 Repeat-Dose Toxicity 

The Applicant submitted study reports from 3 dose range-finding toxicity studies, each 
of ≤ 2 weeks total duration (2 rat, 1 nonhuman primate).   
 
Study Report #TR-0009-171 
Male rats were administered bolus intravenous doses of 4 or 5 mg/kg daily for five days 
then monitored for another seven days (n=4/group).  Significant body weight loss 
occurred in the treated groups, and weight gain partially recovered compared to controls 
after the dosing period.  No treatment-related clinical signs were observed.  On Day 5, 
there were significant increases %neutrophils and serum cholesterol at 5 mg/kg and 
monocytes at 4 mg/kg, and decreased %lymphocytes at 5 mg/kg.  There was 
significantly decreased albumin, calcium and potassium at ≥4 mg/kg.   On Day 12, there 
was a significant increase in %reticulocytes at ≥4 mg/kg and decreased glucose and 
calcium at 5 mg/kg.  One hour after a 4 mg/kg single dose, proteasome activity in whole 
blood and adrenal was reduced >90% and was reduced by 45% in the liver.  
 
Study Report #TR-0020-171 
Male rats were administered bolus intravenous doses of 1, 2 or 4.5 mg/kg once daily for 
five days (QDx5) then monitored another seven days or  2, 4.5, or 9 mg/kg twice daily 
two times per week on Days 1, 4, 8, and 11 (BIWx2) (n=4/group).  Piloerection was 
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observed in all but the lowest dose groups for each regimen around the third dose.  
Rapid respiration was observed on Day 11 at 9 mg/kg, BIWx2.  No body weight 
differences from control were observed.  Both regimens caused changes in the same 
direction for neutrophils, lymphocytes, monocytes and hematocrit, hemoglobin, albumin, 
globin and ALP with some variation based on dose and/or timing.  Absolute and % 
neutrophils at ≥4.5 mg/kg, absolute monocytes at 4.5 mg/kg only on Day 5 were 
significantly increased.  Hemoglobin on Day 5 at 4.5 mg/kg QDx5, hematocrit on Days 5 
at 4.5 mg/kg QDx5 and Day 12 at 9 mg/kg BIWx2, % lymphocytes on Day 5 at 4.5 
mg/kg QIDx5 and ≥4.5 mg/kg BIWx2, albumin on Day 5 at 4.5 mg/kg QDx5 and at all 
doses BIWx2 (and p mg/kg on Day 12), globin on Day 5 at all doses QDx5 and 4.5 
mg/kg BIWx2, and ALP at ≥2 mg/kg QDx5 and 9 mg/kg BIWx2 on both days were 
significantly decreased.  Reticulocytes, LDH, and AST at 4.5 mg/kg QDx5 on Day 12, 
leukocytes at 4.5 mg/kg BIWx2 on Day 5, BUN and creatinine at 9 mg/kg BIWx2 on Day 
5 were significantly increased.  Bilirubin at ≥2 mg/kg QDx5 and calcium at 9 mg/kg 
BIWx2 were significantly decreased on Day 5.  Proteasome activity in whole blood was 
abolished at all doses on Day 5 of both regimens; there was a partial recovery noted on 
Day with the QDx5 regimen. 
 
A Two Dose, 7-Day Intravenous Toxicity Study of Carfilzomib in Cynomolgus 
Monkeys 
 

Study no.: TR-0157-171 
Study report location: eCTD: 4.2.3.2.1.TR-0577-171 

Conducting laboratory and location:

Date of study initiation: April 3, 2008 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: PR-171, #PCF001, 100% 

 
Key Study Findings 

 Elevated serum C-reactive protein (CRP), BUN, creatinine, AST, fibrinogen, 
troponin I, WBCs, neutrophils, and monocytes and decreased lymphocytes, 
platelets, reticulocytes, total protein, albumin and phosphorus noted at 2 mg/kg 
compared to controls. 

 There were 3/6 monkeys with minimal to moderate mononuclear cell infiltration 
and 4/6 with minimal to mild increased mesiangial matrix in the kidney.  

 One animal had myocardial degeneration correlated with high troponin I and 
CRP levels that did not recover. 
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Methods 
Doses: 2 mg/kg 

Frequency of dosing: Days 1 and 2 
Route of administration: IV bolus 

Dose volume: 1 mL/kg 
Formulation/Vehicle: 10% HPBCD (Hydroxypropyl-β-cyclodextrin)/ 50 

mM sodium citrate, pH 3.5 
Species/Strain: Monkey/Cynomolgus 

Number/Sex/Group: 6♂/group 
Age: 2.8-6.0 years 

Weight: 3.4-4.9 kg 
Satellite groups: none 

Unique study design: none 
Deviation from study protocol: Minor deviations that did not affect the conduct 

or evaluation of the study. 
 
Observations and Results 
 
Mortality 
None 
 
Clinical Signs 
One treated animal (#2002) showed slight tremors at 2 hr post dose on Day 2.  This 
animal had elevated serum troponin I and C-reactive protein (CRP) levels with macro 
and microscopic correlates of left ventricle discoloration with vascular congestion and 
myocardial degeneration.  Decreased activity, scratching feet and constant movement 
were each noted in 1/6 treated animals. 
 
Body Weights, Feed Consumption Ophthalmoscopy, Organ Weights 
Not remarkable 
 
Hematology 
There were increased WBCs, neutrophils, and monocytes and decreased 
%lymphocytes and platelets in treated animals compared to control, and to pre-study 
levels.  The effects were noted on Days 2 to 4, and tended to fully recover, except for 
monocytes.  Other changes noted by the sponsor tended to have high variability or the 
trends were similar when treated compared to control, without a clear drug-relationship. 
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Males
1 2
0 6

 
Group 

Dose (mg/kg) 
No. animals examined 6 6

Heart 
Degeneration, myocardium (0)a (1) 

Moderate 0 1 
Kidney 

Infiltrate, mononuclear cell (0) (4) 
Minimal 0 3 
Moderate 0 1 

Mesangial matrix, increased (1) (4) 
Minimal 0 1 
Mild 1 3 

 
Gross Pathology 
As mentioned under clinical signs, animal #2002 had red discoloration of the left 
ventricle; otherwise, unremarkable. 
 
Histopathology 
Adequate Battery- No: heart, lung, kidney, and bone marrow ONLY 
 
Peer Review- none 
 
Histological Findings-  
 
Heart- Animal #2002 had moderate myocardial degeneration with mild vascular 
congestion in the left ventricle.  This corresponded with a series of other clinical signs. 
 
Kidney-There were 3/6 monkeys with minimal to moderate mononuclear cell infiltration 
and 4/6 with minimal to mild increased mesiangial matrix (including #2002).  The 
sponsor states in the table below that there were four animals with mononuclear cell 
infiltration, but the individual tabular data only indicated three (one missing animal was a 
minimal).  The kidney findings were observed in the same animals. 

Table 56:  Histopathological Findings of Note in Male Monkeys Given 2 mg/kg 
Intravenous PR-171 for Two Days 

 
a Number is parentheses is the total incidence of all severity grades 

(Table pg. 281 (pg. 11 of Pathology Report) excerpted from Applicant’s package) 
 

Toxicokinetics 
Not reported. 
 
Dosing Formulation Analysis 
Test article concentration was confirmed (106.6%) and was stable (107.2%) at RT.  
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Study title:  Three Week Daily Dose Range-Finding Toxicology Study of PR-171 in 
Male Sprague Dawley Rats   
 

Study no.: TR-0007-171 
Study report location: eCTD: 4 2 3 2 1 TR-0007-171 

Conducting laboratory and location:

Date of study initiation: Not provided 
GLP compliance: No 

QA statement: Not provided 
Drug, lot #, and % purity: PR-171, #1315, not provided 

 
Key Study Findings 

 Mortality was observed in one animal at 6 mg/kg on day 2 of dosing preceded by 
weight loss. 

 Treatment-related findings in the heart, kidney, liver, lung, and intestinal fat with 
little or no dose-dependency to incidence and severity.  There were no significant 
effects on clinical chemistries. 

 Necrosis of varying severity was noted in heart (≥4 mg/kg), liver (≥2 mg/kg), and 
pancreas (2 and 4 mg/kg).   

 Decreased body weight gain was observed in all treated groups with neutrophilic 
mononuclear infiltration of the large intestine with hyperplasia of mucosal 
epithelium at 6 mg/kg.  

 Mild to moderate lung histopathological findings suggestive of pneumonia were 
noted in all treated animals. 

 All treated groups had protease inhibition.  
 Decreased WBCs, RBCs and hematocrit and increased reticulocytes were noted 

at ≥4 mg/kg with neutrophilic infiltration in liver, lung, fat and intestine at all 
doses. 
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Methods 
Doses: 2, 4, 6 mg/kg 

Frequency of dosing: Days 1-5, 8-12, and 15-19 
Route of administration: IV bolus 

Dose volume: 2 mL/kg 
Formulation/Vehicle: 10% HPBCD (Hydroxypropyl-β-cyclodextrin)/ 50 

mM sodium citrate, pH 3.5 
Species/Strain: Rat/Sprague-Dawley 

Number/Sex/Group: 4♂/group 
Age: Not provided 

Weight: 200-225g 
Satellite groups: none 

Unique study design: Due to a death in 1/4 animals receiving 6 mg/kg 
on Day 2, animals in this group received PR-171 
on Days 1-3, 8,9,15 and 16. 

Deviation from study protocol: Blood was not drawn on Day 5 as planned for 
clinical pathology as per original protocol was 
due to a technical oversight. 

 
Observations and Results 
 
Mortality 
One animal (#15) at 6 mg/kg died on Day 2.  Death was preceded by weight loss; no 
discussion of cause was provided. 
 
Clinical Signs 
At 4 mg/kg, piloerection and transient dyspnea immediately following dosing was 
observed. Rough coats and slightly pale complexion were observed following the 3rd 
dose.  At 6 mg/kg, lethargy, piloerection, dehydration and pale complexion following the 
first dose were observed.  The clinical signs persisted during treatment period. 
 
Body Weights 
All treated groups demonstrated a comparable significant decrease in body weight gain 
of ~22% compared to controls with marginal absolute body weight gains at Day 21.  A 
decrease in Body Weight compared to control was noted during the periods of dosing 
that recovered during the periods were no treatment was given, with an attenuation of 
effect on sequential dosing periods. 
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Histological Findings-   
There were significant treatment-related findings in the heart, kidney, liver, lung, and 
intestinal fat.  In general, there was little or no dose-dependency for incidence and 
severity; findings at 6 mg/kg tended to be no more severe than the 2 and 4 mg/kg 
groups; the 2x (6 mg/kg) vs. 5x (2 and 4 mg/kg) weekly dosing schedule was adopted 
after the first 3 doses.  Animals with findings tended to have findings in multiple organs 
or tissues.  Injection site findings were noted for all animals.  No NOAEL was set due to 
findings in the lung and heart. 
 
Lung- In all treated  animals, there were findings of mild to moderate alveolar 
histiocytosis, neutrophilic, interstitial, subpleural mononuclear infiltration, intraaveolar 
edema, and hypertrophy of interstitial, bronchial epithelial and mesothelial, alveolar, and 
medial artery cells.  Applicant reports these signs are indicative of pneumonia. 
 
Heart- In 2/4 animals/treated group, there was mild to moderate myocardial 
hypercellularity with myofiber atrophy; and mild to moderate necrosis at ≥4 mg/kg was 
noted in some of these animals (2/2 at 4 mg/kg and 1/2 at 6 mg/kg). 
 
Intestinal fat-  Minimal to mild perivascular neutrophilic mononuclear infiltration was 
noted at ≥2 mg/kg with incidence and severity showing a reverse dose-dependency.   
Minimal to mild histiocytic neutrophilic mononuclear infiltration with adipocyte 
degeneration was noted in 2/4 animals at ≥4 mg/kg.  Most of the findings were 
considered to be in the mesenteric fat. 
 
Kidney-  There was a slight increase in mild  to moderate tubular vacuolation incidence 
and severity at ≥2 mg/kg.  One animal at 6 mg/kg had tubular casts with epithelial 
necrosis and hydronephrosis. 
 
Liver-  Minimal single cell hepatocellular necrosis was noted in all treated groups with 
the incidence highest at 2 mg/kg (3 animals, vs 1 at 4 and 6 mg/kg).  Subacute, 
multifocal to coalescing necrosis with neutrophilic mononuclear infiltrates, 
mineralization, and necrotizing arteritis and fibrosis was noted in one animal at 6 mg/kg. 
 
Pancreas-  Single acinar cell necrosis was noted in 1/4 (minimal) and 4/4 animals 
(minimal to mild) was noted at 2 and 4 mg/kg, respectively. 
 
Large Intestine-  One animal at 6 mg/kg had fibrosis, glandular dilatation, and mucosal 
epithelial hyperplasia and two animals had mild neutrophilic mononuclear infiltration. 
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Study title:  A 4 Week Intravenous Injection Neurotoxicity Study of Bortezomib 
and  Carfilzomib in Male Sprague Dawley Rats with a 4 Week Recovery Period 
 

Study no.: TR-00297-171 
Study report location: eCTD: 4.2.3.2.1.TR-00297-171 

Conducting laboratory and location:

Date of study initiation: April 27, 2007 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: PR-171, T08RD02, 99.3% 

Bortezomib, 106677, not supplied 
 
Key Study Findings 

 Study was inadequate due to lack of positive control for assays, explanation of 
results, and no units used in Tables.   

 Neurotoxicity (functional or histopathological findings) was not clearly evident at 
the doses used for either drug.  Since bortezomib is reportedly neurotoxic, the 
study is not considered useful in assessing neurotoxicity of carfilzomib. 

 
Methods 

Doses: 2 mg/kg (0.2 mg/kg bortezomib) 
Frequency of dosing: PR-171: Days 1,2,8,9,15,16,22, and 23 

Ctrl and bortezomib: Days 1,4,8,11,15,18,22, 25 
Route of administration: IV bolus 

Dose volume: 5 mL/kg (2 mg/mL) 
Formulation/Vehicle: 10% HPBCD (Hydroxypropyl-β-cyclodextrin)/ 50 

mM sodium citrate, pH 3.5 
Species/Strain: Rat/Sprague-Dawley (Crl:CD® (SD)IGS BR) 

Number/Sex/Group: 20 males/group with 10 for main and 10 for 
recovery 

Age: 8 weeks 
Weight: ♂230-260g 

Satellite groups: None 
Unique study design: Neurological examinations (Functional Observational 

Battery, Von frey, Hot Plate, Tailflick) were 
conducted twice before, weekly during and during 
weeks 1 and 4 of recovery.  Nerve 
electrophysiological measurements were conducted 
twice pretreatment, on Days 15 and 27 of treatment 
period and Day 41 of recovery period. 

Deviation from study protocol: None reported 
 
Observations and Results 
 
Mortality 
None 
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Clinical Signs 
Not remarkable. 
 
Body Weights 
There was a significant decrease in mean body weight by 7% and body weight gain by 
8% in animals treated with bortezomib compared to control. Carfilzomib treated animals 
and showed no differences during recovery period. 
 
There was a significant decrease in mean body weight by 13% and body weight gain by 
8% in animals treated with bortezomib compared to control.  After the recovery period, 
body weight gains increased by 8%, but were still weighed 8% less compared to control.  

Figure 37:  Group Mean Body Weights of Male Rats Treated with Carfilzomib or 
Bortezomib 

Treatment      Recovery 

  
(Figure excerpted from Applicant’s package) 

 
Feed Consumption 
Consumption was consistent with observed body weight differences.  There was a 13% 
decrease for bortezomib and an 8% decrease for carfilzomib compared to controls.  
Food consumption increased for both treated groups comparable with control during 
recovery period. 
 
Ophthalmoscopy 
Not remarkable. 
 
Hematology, Clinical Chemistry, Urinalysis, Organ Weights, Ophthalmoscopy, 
Toxicokinetics 
Not performed. 
 
Gross Pathology 
Not remarkable. 
 
Histopathology 
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Adequate Battery- Only Peripheral and Central Nervous System (PNS and CNS) 
tissues were examined. 

PNS 
Sciatic nerve (mid-thigh region) - longitudinal and cross-sections 
Sciatic nerve (at sciatic notch) - longitudinal and cross-sections 
Sural nerve (at knee) - longitudinal and cross-sections 
Peroneal nerve (mid portion) - longitudinal and cross-sections 
Digital nerve (toe) - common digital nerve, cross section 

CNS 
Lumbar dorsal root ganglion (L4) - cross section 
Lumbar dorsal root (L4) - cross section 
Lumbar ventral root (L4) - cross section 
Cervical dorsal root ganglion (C5) - cross section 
Cervical dorsal root (C5) - cross section 
Cervical ventral root (C5) - cross section 
Grossly abnormal central and peripheral nervous system tissues 

 
Peer Review- No 
 
Histological Findings- Not remarkable for bortezomib treated animals, so sponsor did 
not perform for carfilzomib. 
 
Special Evaluation- Functional Observational Battery 
Animals treated with carfilzomib had increased incidences of flaccid body tone (Weeks 
1-3), rapid tail pinch reflex (Weeks 1-3), and piloerection (Week 4) and decreased 
pinpoint pupil size (Weeks 2-3) compared to control.  No significant or remarkable 
differences were noted during pre-treatment period or recovery compared to control.  
There were some differences between carfilzomib and bortezomib, but carfilzomib was 
not different from control. 
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Study no.: TR-0072-171 
Study report location: eCTD: 4.2.3.2.1.TR-0072-171 

Conducting laboratory and location:

Date of study initiation: August 21, 2007 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: PR-171, 050307, 93.33% and 

PR-171, PC F001, 95.8% 
 
Key Study Findings 

 Dose-dependent morbidity/mortality was noted at ≥2 mg/kg in both sexes 
preceded by a number of clinical signs, including signs of stress.  Causes of 
deaths were attributed to GI tract hemorrhage/necrosis, cardiac, or kidney failure.   

 Males had decreases in body weights at all doses with decreased food 
consumption.   

 Increased neutrophils, monocytes, and fibrinogen at all doses with decreased 
albumin at 4 mg/kg were noted suggesting acute phase response in both sexes 
at termination. 

 Kidney toxicity in both sexes was noted, indicated by increased BUN, creatinine, 
and phosphorus with enlarged kidneys, and microscopic findings of chronic 
progressive nephropathy and glomerulonephropathy. 

 Microscopic findings consistent with significant cardiac fibrosis and cardiac failure 
were noted in unscheduled necropsy.  Milder findings were noted in scheduled 
sacrifice necropsy including  

 Findings of liver toxicity were noted in females at 3 and 6 months with increased 
liver weight and triglycerides, decreased ALT, AST and cholesterol with 
centrilobular hepatocellular hypertrophy and periportal hepatic fatty vacuolation 
at all doses; ALP was increased at 4 mg/kg.  Males at 4 mg/kg had increased 
liver weights and decreased triglycerides and AST at 6 months.  Males at 4 
mg/kg had comparable microscopic findings as females at 3 months, but these 
were not found at 6 months.  Decreased total hepatic CYP protein content was 
observed in both sexes at 4 mg/kg. 

 Increased neutrophils, monocytes, reticulocytes, WBCs and leukocytes and 
decreased RBCs were noted with microscopic correlates in organs related to 
hematopoiesis such as pigmented Kupfer cells in the liver,  bone marrow 
hypercellularity (increased reticulocytes), gross and microscopic mesenteric 
lymph node findings (increased mast cells), and gross and microscopic spleen 
findings (decreased marginal zone width and/or cellularity), including increased 
spleen weight. 
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Methods 
Doses: 1, 2, 4 mg/kg 

Frequency of dosing: Three or six dosing cycles of 28 day: Days 1-2, 8-9, and 
15-16 of the 28 day cycle 

Route of administration: IV bolus 
Dose volume: 2 mL/kg 

Formulation/Vehicle: 10% HPBCD (hydroxypropyl-β-cyclodextrin)/ 50 mM 
sodium citrate, pH 3.5 

Species/Strain: Rat/Sprague-Dawley     Crl:CD® (SD)IGS BR 
Number/Sex/Group: 25/sex/group 

Age: 8 weeks 
Weight: ♂:254-357g, ♀:163-234g 

Satellite groups: TK: 8/sex/treatment group - blood was drawn pre-dose, 5, 
15, and 60 min post-dose on Days 1, 57, 142 

Unique study design: 10/sex/group will be sacrificed 12 days after last dose of 
Cycle 3 (Day 85), 1 day after last dose of Cycle 6 (Day 
158), and 5/sex/group 8 weeks after end of Cycle 6 (Day 
224).  Additionally, a functional observational battery was 
performed on all main study animals with pretest, Days 81 
- 84 prior to interim necropsy, Days 154 -155 prior to 
terminal necropsy and Recovery Days 53 - 54 prior to 
recovery necropsy.  Liver samples were frozen and 
subjected to CYP analysis. 

Deviation from study 
protocol: 

Two significant deviations were reported: due to adverse 
clinical or physical signs, the following animals were not 
dosed at the indicated cycles/days:   

 
Animal #1026 replaced Animal #1003 after the second week’s 
dosing in Cycle 1, and therefore was not dosed on Days 1, 2, 8 
and 9. Four minor deviations that did not affect study conduct 
and interpretation. 

 
Observations and Results 
 
Mortality 
Dose-dependent treatment-related mortality was observed in the main group at ≥2 
mg/kg; there was mortality observed in the 4 mg/kg TK group.  These animals were 
found dead or humanely euthanized as moribund.  There were 1, 3, and 16 
unscheduled deaths at 1, 2, and 4 mg/kg, respectively, with 0/1, 2/3, and 15/16 were 
determined to be test article-related, regardless if the cause of death was identified.  
The one death at 1 mg/kg was not related to treatment, and most probably due to 
dosing error.  Overall, the deaths appeared to occur sooner in the dosing period at 4 
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mg/kg compared to 2 mg/kg.  The identified main causes of death were cardiac fibrosis 
(4), GI hemorrhage/ necrosis (3), cardiac arrest (2), renal pathology (2), septic thrombus 
(1) and experimental (1).  Glomerulonephropathy was observed in 4 males at 4 mg/kg 
and considered the causing or contributing to the death of 2 males at 2 mg/kg.  Seven 
deaths were undetermined, but the Applicant states the condition and clinical signs of 
the animals were consistent with known causes.  Mortality was higher in males than 
females with 4 of 4 total animals at 2 mg/kg and 10/16 at 4 mg/kg.  However females 
tended to die sooner in the dosing period including 2 cardiac failure deaths in the first 
cycle.    

Findings that only occurred in the unscheduled deaths were related to the GI 
tract and adipose tissue which were observed in shorter duration studies.  There were 2 
males at 4 mg/kg with red discoloration of the GI tract (stomach through cecum) 
necrosis, hemorrhage/congestion and erosion/ulceration.  In 2 females at 4 mg/kg that 
died of cardiac failure, there was yellow colored adipose tissue suggestive of jaundice. 

Table 59:  Probable Causes of Unscheduled Deaths in Main Study Based on 
Histopathology / Sacrifices Occurring during 6 Cycles of Dosing with PR-171  

 
(Table 3.2-1, pg. 44 excerpted from Applicant’s package) 
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Clinical Signs 
Increased clinical signs consistent with declining physical condition were observed at 4 
mg/kg, including decreased food consumption and fecal volume, fur staining 
(anogenital, snout), red tears, hunched appearance, pallor, lethargy, decreased activity, 
and/or labored breathing.  Piloerection was observed at ≥2 mg/kg with the observation 
occurring earlier in the dosing cycles.  No treatment-related findings were observed 
during the recovery period. 
 
Body Weights 
Males had significantly decreased body weights and body weight gains at all doses at 
12 and 22 weeks compared to control animals.  There was no dose-dependency, but 
body weight appeared to be reduced during the periods of dosing rather than the 12 
days between each cycle.  Significant weight decreases began as early as Day 4 at 4 
mg/kg and Day 11 for 1 and 2 mg/kg and maintained through the dosing period. The 
reduced number of animals at 4 mg/kg may have skewed the values from 
demonstrating a dose relationship since the sicker and lighter animals will have died off.  
The recovery was partial with the difference rising from -13-14% to -9-10% and an 
increased rate of weight gain at all dose compared to control. 
 
For females, no significant effects on body weight and body weight gain were noted.  
There was a non-significant 4-8% decrease in body weights that lack a dose 
relationship at Week 22 compared to control. 

Figure 38:  Body Weights in Male Rats Given 6 Months of Intravenous Doses of 
PR-171 

 
(Figure 1, pg. 80 excerpted from Applicant’s package) 
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pattern that showed decreases during the week of dosing and increases between each 
cycle.  Moreover, the control group showed little or no cyclicity.  This cyclical pattern 
was not evident in the recovery period. 

Figure 40:  Mean Feed Consumption in Males Given 6 Months of Intravenous 
Doses of PR-171 

 
(Figure 3, Table pg. 82 excerpted from Applicant’s package) 

 
Females had a dose-dependent decrease in food consumption at ≥2 mg/kg that ranged 
from 7-19%, compared to control.  Like males, consumption in the treated groups 
followed a pattern that showed decreases during the week of dosing and increases 
between each cycle.  This cyclical pattern was not evident in the recovery period. 

Figure 41:  Mean Feed Consumption in Females Given 6 Months of Intravenous 
Doses of PR-171 

 
(Figure 4, Table pg. 83 excerpted from Applicant’s package) 

 
Hematology 
A number of hematological parameters were altered by the administration of PR-171in 
both sexes; this is due to the expected effect of the drug product.   
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Interim:  In males at 4 mg/kg, there were 1/9 and 2/9 with enlarged or discolored 
kidneys, respectively.  One of 10 females at 2 mg/kg had a discolored liver and 1/8 had 
a dilated kidney pelvis at 4 mg/kg.   
 
Terminal:  In males at 4 mg/kg, there were 1/3 with enlarged kidneys and 1/3 with 
enlarged spleens.  There were 2/10 and 1/3 at 2 and 4 mg/kg, respectively with 
discolored mesenteric lymph nodes (LN) and 1/10 at 2 mg/kg with enlarged LN.  
Enlarged spleens were noted in 1 each at 2 and 4 mg/kg. In females, there were 3/8 at 
4 mg/kg with discolored mesenteric LN, and 1/10 and 2/8 with enlarged LN at 2 and 4 
mg/kg, respectively.  There were 1/8 and 1/8, respectively, with enlarged liver and 
spleen at 4 mg/kg. 
 
Histopathology 
Adequate Battery- Yes, plus sciatic, sural and peroneal nerves were also examined in 
all animals and timepoints at 1 and 2 mg/kg. 
 
Peer Review- none 
 
Histological Findings- 
 Overall, in the animals that survived to schedule sacrifice, there were few 
significant findings. The target organs were similar between sexes and included the 
bone marrow, heart, kidney, mesenteric lymph nodes (LN), and spleen. Findings at 4 
mg/kg tended to be no more severe than at ≤ 2 mg/kg, and except for a few instances, 
were minimal or slight in severity.  The findings were noted at both the interim and 
terminal sacrifice in these organs. There were findings in the liver of both sexes at 
interim, but findings were not noted in males at termination. 
 The findings in unscheduled deaths are described under mortality.  Consistent 
with scheduled sacrifice, causes of test article-related unscheduled deaths based on 
histopathology were heart, kidney and/or liver failure, except two cases of GI 
hemorrhage/necrosis.  This is markedly different- but expected- from the generally mild 
findings in schedule necropsies. 
 
Kidney- There were 2 males with slight and moderate glomerulonephropathy noted at 2 
mg/kg (interim) and 4 mg/kg (termination), respectively.  Minimal to moderate chronic 
progressive nephropathy (CPN) was present in all groups, both sexes, and both 
timepoints with dose-dependent increases in incidence.  Females appeared to be more 
sensitive and with increased severity noted; males at termination showed no change in 
severity.  Dose-dependent increases in minimal to moderate tubular vacuolation were 
noted in males at termination.  Comparable CPN was found in all recovery groups, 
suggesting that this finding may be an age-related background finding in rats. 
 
Liver-  Notable findings above background based on incidence and/or severity were 
noted at ≥2 mg/kg. Slight hepatocellular hypertrophy was noted at 4 mg/kg in interim 
females and minimal to slight was noted in termination females at ≥2 mg/kg. There were 
minimal to slight pigmented Kupfer cells in both sexes at 4 mg/kg at interim and in 
termination female at 4 mg/kg.  There was an increased incidence in periportal fatty 
vacuolation in both sexes at 4 mg/kg (interim) and at ≥2 mg/kg (termination).  Although 
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the finding was present in animals at ≤1 mg/kg at interim, no animals at termination had 
this finding.  The findings in the liver did not recover. 
 
Lymph Node (Mesenteric)-  Notable findings above background based on incidence 
and/or severity were noted at ≥1 mg/kg. Minimal to slight increased mast cells were 
observed in males at ≥2 mg/kg at all timepoints, except 4 mg/kg recovery, and were 
minimal in severity in females at ≥1 mg/kg at all timepoints except 4 mg/kg recovery.  
Minimal to slight increased lymphocytes were noted in interim males at ≥1 mg/kg, and 
moderate increased lymphocytes were noted in two females at both interim and 
recovery, but not at termination.  Intrasinusoidal erythrocytes were present at ≥2 mg/kg 
in both sexes at termination.  Minimal findings of brown pigment were noted at ≥2 mg/kg 
in both sexes at termination.  Findings present at termination did not recover. 
 
Spleen- The most significant finding was minimal to moderate decreased marginal zone 
width and/or cellularity in both sexes at ≥2 mg/kg at interim and ≥1 mg/kg at termination, 
with a dose-dependent effect on incidence (based on % of animals with finding). Slight 
increased histiocytes were noted in one termination male at 2 and 4 mg/kg.  Partial 
recovery was noted with generally minimal findings at ≥1 mg/kg in both sexes. 
 
Bone Marrow-  Minimal to slight hypercellularity was noted in both sexes at both 
treatment evaluations with increased incidence at ≥2 mg/kg.  Females had incidences at 
all doses, while males only had finings at ≥2 mg/kg.  This is an expected response to 
the increased blood cells noted in the hematology. 
 
Heart- The most significant findings were minimal myofiber degeneration/necrosis in two 
termination males at 2 mg/kg and a single male with moderate myocyte hypertrophy. 
Findings of minimal fibrosis at 4 mg/kg in 1 interim male and 1 of each sex at 
termination, minimal congestion/hemorrhage in one termination male at 1 mg/kg, and 
cardiomyopathy in both sexes at all doses and both were also noted.  
 
The following organs had some minor findings that warranted documentation based on 
other findings or observations from other studies. 
  
Adrenal- Minimal to slight cortical vacuolation was noted only in interim males at 4 
mg/kg. 
 
Lung- In termination females at 4 mg/kg, there was 1/8 animal with minimal perivascular 
mixed inflammatory cell infiltrate and 3/8 with minimal eosinic alveolar material. 
 
Pancreas-  At termination only at 4 mg/kg, there was one animal per sex with minimal 
apoptosis and one female with minimal and one with slight acinar atrophy. 
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Decreased total hepatic CYP protein content was observed in both sexes at 4 mg/kg. 
CYP2B, CYP2C, and CYP3A enzyme activity were decreased in both sexes, but slightly 
increased CYP4A enzyme expression in males at 4 mg/kg.  The expression of CYPs 
was not consistent with activity.  CYP1A1 and CYP4A1 expression increased in both 
sexes and CYP2B1/2 increased in females; CYP3A1 in both sexes and CYP2C11 in 
males were decreased.  Except for the CYP4A1 increase, males showed the effects at 
all doses.  Females were decreased at all doses for CYP2B1/2 and CYP3A1, and 
increased at ≥2 mg/kg for CYP1A1 and CYP4A1. 
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Table 68:  Ex vivo Evaluation of CYP Activity in Rats Administered Intravenous 
PR-171 

 
(Table, pg 2723 excerpted from Applicant’s package) 

Table 69:  Ex vivo Evaluation of CYP Expression in Rats Administered 
Intravenous PR-171 

 
(Table, pg 2724 excerpted from Applicant’s package) 

 
Toxicokinetics 
As expected for an intravenous drug, Tmax was 5 minutes at all times and doses; PR-171 
was rapidly eliminated and the half-life was 8-13 minutes, except on Day 57 females at 
4 mg/kg when it was 31 minutes. Exposure measured by Cmax and AUC was 
comparable between the sexes, with males having slightly higher exposure levels.  The 

Reference ID: 3138993

 Best Available 
Copy



NDA# 202714                                                      Reviewers: Dr. Bray and Dr. Hawes 
 

129 

exposure was dose-linear proportional for both sexes from 1 mg/kg to 2 mg/kg.  In 
males at 4 mg/kg, the exposure peaked on Day 57 dose-linear compared to 2 mg/kg, 
but declined on Day 142 back to Day 1 levels that were lower than 2 mg/kg.  For 
females at 4 mg/kg, the same trend occurred but the terminal levels were higher than 2 
mg/kg, but not dose linear in proportion. 

Table 70:  TK Parameters of PR-171 in Rats  

 

 
(Table 9, pg. 1358 (in Appendix P, pg. 26) excerpted from Applicant’s package) 

 
Dosing Formulation Analysis 
Test article concentration was confirmed and was stable (99.3-102.2%) at RT and after 
freezing throughout the dosing period.  
 
Study title:  A 9-Month Intravenous Toxicity Study of Carfilzomib in Cynomolgus 
Monkeys with an 8-week Recovery Period 
 

Study no.: TR-0073-171 
Study report location: eCTD: 4.2.3.2.1.TR-0073-171 

Conducting laboratory and location:

Date of study initiation: August 16, 2007 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: PR-171, 050307 (cycles 1-4), 93.33% and 

PR-171, PC F001(cycles 5-9), 93.46% 
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Key Study Findings 
 Treatment related mortality was observed in one male and one female at 2 

mg/kg, preceded by clinical signs and weight loss.  Cause of death was attributed 
to multiple organ failure.  

 Dose-dependent increase in severity of slight to severe glomerulonephropathy 
was observed at all doses in all animals ≥1 mg/kg with increased organ weight, 
BUN and creatinine and gross findings of pale enlarged kidneys with red foci. 

 A number of hematological parameters related were significantly altered 
consistent with the pharmacodynamic effects. 

 
Methods 

Doses: 0.5, 1, 2 mg/kg 
Frequency of dosing: Nine dosing cycles of 28 day: Days 1-2, 8-9, and 

15-16 of the 28 day cycle 
Route of administration: IV bolus 

Dose volume: 1 mL/kg 
Formulation/Vehicle: 10% HPBCD (hydroxypropyl-β-cyclodextrin)/ 50 

mM sodium citrate, pH 3.5 
Species/Strain: Cynomolgus monkey 

Number/Sex/Group: 6 ctrl or HD/sex/group, 4 LD or MD/sex/group, 2 
Ctrl and HD animals were permitted to recovery 
8 weeks before necropsy 

Age: Not provided/young adult 
Weight: ♂:2.3-3.9 kg, ♀:2.0-3.1 kg 

Satellite groups: none 
Unique study design: Each animal was evaluated under restraint in a 

primate chair and in the home cage. Animals 
were evaluated at pretest, on Days 73, 76 and 
160/161 and 1-2 days prior to necropsy on Days 
239 (end of treatment period) and 307 (end of 
recovery period).  Liver samples were frozen 
and subjected to CYP analysis. 

Deviation from study protocol: Fifteen minor deviations that that did not affect 
study conduct and interpretation. 

 
Observations and Results 
 
Mortality 
Treatment-related mortality of two animals was observed at 2 mg/kg.  One male (#4195) 
was found dead on Day 157 and one female was humanely euthanized as moribund on 
Day 132.  The identified cause of death in the male was multiple organ failure.  The 
Applicant states, “This animal was found dead on Day 157 (one day after the last dose 
of Cycle 6). The cause of death was multi-organ toxicities. Moderate non-regenerative 
anemia (HCT: 31.4%), and renal dysfunction (BUN: 66 mg/dL; creatinine: 1.4 mg/dL) 
were noted in hematology and clinical chemistry samples on Day 156, although these 
values were equivalent to group cohorts. Macroscopic examination revealed pale 
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kidneys and liver and red mottling of the lung, which corresponded microscopically with 
altered tubule size and inflammation in the kidney, leukocytosis in the liver, and edema 
with hemorrhage and inflammation in the lung, respectively. Inflammation in the heart 
with myocyte hypertrophy and degeneration, inflammation and edema in the lung, and 
renal dysfunction were considered to have contributed to the demise of this animal.”.  
This animal also collapsed following dosing on Day 44 and was pale, recumbent, and 
had decreased activity. 
 
The female progressively declined in health over the course of the study.  “The high-
dose female (Animal No. 4695) had a progressive decline in body weight (-0.3 kg 
compared to the day prior to initiation of dosing) and food consumption. The animal 
frequently consumed 0 to less than 50% of its daily rations and was given extra treats 
and supplements (Ensure or meal replacement bars) on a regular basis. On Day 131, a 
significant amount of subcutaneous fluid was found under the chin during physical 
examination. Blood samples for hematology, coagulation, and serum biochemistry 
evaluations were collected on Day 131. The main clinical pathology findings were 
severe non-regenerative anemia (HCT: 24.4%), severe hypoalbuminemia (ALB: 1.1 
g/dL) and moderate increases in liver enzymes, particularly ALT and ALKP. The 
hypoalbuminemia may have resulted in the subcutaneous swelling found on Day 131. 
By histopathology, there was generalized atrophy of most organs, correlating with 
decreased food intake and hypoalbuminemia; decreased bone marrow cellularity, 
correlating with severe anemia; and marked diffuse hepatocellular glycogen 
accumulation in the liver.” 
 
Clinical Signs 
Increased incidence of emesis at ≥1 mg/kg was observed beginning in males on Day 8 
and females on Days 43-58.  Hunched appearance was observed at 2 mg/kg in males 
beginning on Day 93 and in females on Day 37.  Decreased activity was observed in 
females at 1 mg/kg on Day 93 and males on Day 37 and females on Day 30 at 2 mg/kg.  
Edema and swollen limbs/tail were observed in one male each at 1 and 2 mg/kg on 
Days 198-122 and 118-122, respectively.  The unscheduled euthanatized female had a 
swollen chin at sacrifice.  
 
Body Weights 
Males at ≥1 mg/kg had non-significant decreased mean body weights.  For females, no 
trends for mean body weight and body weight gain were noted.  There were no body 
weight differences following recovery. 
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Figure 42:  Body Weights in Male Monkeys Given 6 Months of Intravenous Doses 
of PR-171 

 
(Figure 1, pg. 70 excerpted from Applicant’s package) 

Figure 43:  Body Weights in Female Monkeys Given 6 Months of Intravenous 
Doses of PR-171 

 
(Figure 2, pg. 71 excerpted from Applicant’s package) 
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Table 75:  Test Article-Related Absolute Organ Weight Changes on Day 241 (24 
hours after last dose): % Difference from Concurrent Vehicle Controls 

 
(Table 3.12-1, pg. 60 excerpted from Applicant’s package) 

 
Recovery:  In males, there was partial recovery in kidney (↑70% as %BW and 61% 
absolute) and heart (↑30% as %BW and 21% absolute); with full recovery of liver 
weights.  Females had full recovery, except increased kidney weights (↑57% as %BW 
and 68% absolute). 
 
Gross Pathology 
The kidney had significant findings with microscopic correlates in both sexes at ≥1 
mg/kg.  Enlarged kidneys were noted in one male and one female at 1 mg/kg and one 
male and two females at 2 mg/kg.  This corresponded to increased organ weight and 
glomerulonephropathy, tubular alteration and cortex interstitial inflammation/fibrosis. 
Red foci were noted in four males and four females at 1 mg/kg and one male and two 
females at 2 mg/kg, corresponding to intratubular red cell casts.  Pale kidneys were 
observed in four males at 1 mg/kg and three males and two females at 2 mg/kg.  
Enlargement did not recover at 2 mg/kg, being observed in 1 of 2 animals/sex, and pale 
kidneys were observed in 1 of 2 males. 

Table 76:  Incidence of Macroscopic Findings in the Kidney 24 hours after the 
Last Dose of Carfilzomib (Day 241) 

 
(Table 3.14.1-1, pg. 62 excerpted from Applicant’s package) 

 
Histopathology 
Adequate Battery- Yes, plus sciatic, sural and peroneal nerves were also examined in 
all animals and timepoints at 0 and 2 mg/kg. 
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Peer Review- Peripheral nerves were evaluated by  VMD, DACVP 
 
Histological Findings- 
The target organs were similar between sexes and included the femoral bone marrow, 
heart, kidney, and mediastinal LN, with kidney having the most severe toxicities 
observed.  There were injection site findings, but no dose relationship was observed.  
There were only 3 males (one control and one 2 mg/kg) of apparent sexual maturity 
based on reproductive tissue findings.  The large intestine, lung, pancreas, sciatic 
nerve, and spleen had some minor and/or nondose related findings that warranted 
documentation based on other findings or observations from other studies. 
 The findings in unscheduled deaths are described under mortality.  Consistent 
with scheduled sacrifice, causes of test article-related unscheduled deaths based on 
histopathology were heart, kidney and/or liver failure.  Similar to rats, this is markedly 
different compared to the milder findings in scheduled necropsies. 
 
Kidney- A dose-dependent increase in severity of slight to severe 
glomerulonephropathy was observed at all doses in both sexes with all animals ≥1 
mg/kg being affected.  Minimal to slight RBC casts were observed in all treated groups, 
but not control animals.  All males at ≥1 mg/kg had slight to marked altered tubular 
size/cellularity; all treated females had this finding, but the severity increased with dose 
from minimal at 0.5 mg/kg to slight to marked at 2 mg/kg.  There was an increase in 
severity of chronic interstitial inflammation/fibrosis observed in all treated animals, 
except for 2 males at 0.5 mg/kg; two control males had minimal findings.  Males at ≥1 
mg/k (2/3 group) had slight increased subintimal cellularity of arteries. 
 
Lymph Node (Mesdiastinal)-  There was slight to moderate medullary 
granulocytes/granulocytopoiesis in 2/3 animals of both sexes at 2 mg/kg. 
 
Bone Marrow-  There was an increase in severity, but not incidence, of hypercellularity 
noted in both sexes in all groups.  Control animals tended to have minimal to slight 
findings, while treated animals increased to moderate or marked at the high dose.  This 
is an expected response to the increased blood cells noted in the hematology. 
 
Heart-  Dose-dependent increases in incidence and severity in both sexes (slight to 
moderate in all animals at 2 mg/kg) was noted for chronic inflammatory cell infiltrate.  
This finding was also observed in control animals, albeit with minimal severity.  Minimal 
myocyte degeneration was observed in one of each sex at 1 mg/kg and two males at 2 
mg/kg.  Minimal to moderate myocyte hypertrophy was observed in all males and 1 
female at 2 mg/kg.  Edema and atrial endocardial hypertrophy were observed in one 
male at 2 mg/kg in addition to the other findings. 
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hepatic CYP protein content was observed in both sexes at all doses, but as greater in 
magnitude in females ( maximum: -30% compared to -17% for males at 2 mg/kg) 
 
Toxicokinetics 
TK samples were collected at pre-does, 5, 15, 30 and 60 min post-dose on Days 1, 57, 
141, and 225, which were the first days of Cycles 1, 3, 6, and 9, respectively. 
 
As expected for an intravenous drug and comparable to rats, Tmax was 5-6 minutes at all 
times and doses; PR-171 was rapidly eliminated and the half-life was 11-15 minutes. 
Exposure measured by Cmax and AUC was comparable between the sexes, with males 
having slightly higher exposure levels.  The exposure increased less than dose-linear 
but proportional for both sexes.  There was no clearly observable accumulation of test 
article. 

Table 79:  TK Parameters of PR-171 in Monkeys  

 
(Table 9, pg. 1280 (in Appendix P, pg. 31) excerpted from Applicant’s package) 
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Dosing Formulation Analysis 
Test article concentration was confirmed and was stable at RT and after freezing after 
cycles 1, 3, 6, and 9 (96.2-105.7%).   
 

7 Genetic Toxicology 

7.1 In Vitro Reverse Mutation Assay in Bacterial Cells (Ames) 

 
Study title:  Carfilzomib: Bacterial Reverse Mutation Test 
 

Study no.: TR-0069-171 
Study report location: EDR, 4.2.3.3.1-TR-0069-171 

Conducting laboratory and location:

Date of study initiation: August 7, 2007 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: PR-171, 0705-029, ≥95% 

 
Key Study Findings 

 PR-171 was not genotoxic in bacteria up to 5000 µg/plate ± metabolic activation 
under the conditions tested. 

 
Methods 

Strains: Salmonella typhimurium TA98, TA100, 
TA1535, TA1537 
Escherichia coli WP2uvrA(pKM101) 

 Concentrations in definitive study: +S9: 5, 15, 50, 150, 500, 1500, 5000 µg/plate 
-S9: 15, 50, 150, 500, 1500, 5000 µg/plate 

Basis of concentration selection: DRF up to 5000 µg/plate 
Negative control: DMSO 
Positive control: +S9 

All Salmonella strains:  
     Benzo[a]pyrene, 5 µg/plate 
WP2uvrA: 2-aminoanthracine, 10 µg/plate 
-S9 
TA98: 2-nitrofluorene, 1.0 µg/plate 
TA100 & TA1535: sodium azide, 2 µg/plate 
TA1537: 9-aminoacridine, 50 µg/plate 
WP2uvrA: 4-nitroquinolone-1-oxide, 2 µg/plate 

Formulation/Vehicle: DMSO 
Incubation & sampling time: Agar overlay method with pre-incubation of 

30 min ± S9 metabolic activation using 3 
plates/dose, incubation was for ~72 hr.  

 
Study Validity -  Valid 
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1. Sufficient strains were evaluated to cover types of genotoxic mechanisms. 
2. Doses were tested to limit of 5000 µg/plate. 
3. No cytotoxicity to any tester strain ± S9 metabolic activation observed with 

viability of 99%. 
4. Precipitate was observed at ≥500 µg/plate -S9 and at ≥1500 µg/plate + S9 but 

did not interfere with evaluation. 
5. No bacterial contamination in sterility tests of S9 mixes and test article sham 

dilutions. 
6. No test article-dependent increase in revertant colonies noted ±S9 activation 

system. 
7. Revertant rates were within positive and negative controls historical data range. 
8. Positive controls were 3.3 - 53.6x greater than negative DMSO control values. 
 

Results 
The sponsor conducted two tests with the first test as a DRF study.  Carfilzomib up to 
5000 µg/plate were not genotoxic in any bacterial strain tested.  No concentration-
dependent increase in revertants ± S9 metabolic activation was observed.  No single 
plate count exceeded a positive control mean value.  The sponsor’s Tables 4 and 5 for 
Test #2 are included below. 

Table 80:   Bacterial Reverse Mutation Test Results for PR-171 in the Absence of 
Metabolic Activation (Test 2) 
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(Table 4, pgs. 25-26, excerpted from Applicant’s package) 
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Table 81:  Bacterial Reverse Mutation Test Results for PR-171 in the Presence of 
Metabolic Activation (Test 2) 

 

 
(Table 5, pgs 27 and 28, excerpted from Applicant’s package) 
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Study title:  Carfilzomib: Bacterial Reverse Mutation Test  
 

Study no.: TR-0425-171 
Study report location: EDR, 4.2.3.3.1-TR-0425-171 

Conducting laboratory and location:

Date of study initiation: March 18, 2010 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: PR-171, 197-36, 94.8% 

PR-519: 1.1% 
PR-59428: 1.1% 
PR-187: 1.3% 
PR-59462: 1.2% 

 
Key Study Findings 

 Carfilzomib spiked with 4 impurities was not genotoxic in bacteria up to 1500 and 
5000 µg/plate with and without metabolic activation, respectively, under the 
conditions tested. 

 
Methods 

Strains: Salmonella typhimurium TA98, TA100, TA1535, 
TA1537 
Escherichia coli WP2uvrA(pKM101) 

 Concentrations in definitive study: +S9: 5, 15, 50, 150, 500, 1500, 5000 µg/plate 
-S9: 15, 50, 150, 500, 1500, 5000 µg/plate 

Basis of concentration selection: DRF up to 1500 (-S9) & 5000 µg/plate (+S9) 
Negative control: DMSO 
Positive control: +S9 

All Salmonella strains:  
 Benzo[a]pyrene, 5 µg/plate 
WP2uvrA: 2-aminoanthracine, 10 µg/plate 
-S9 
TA98: 2-nitrofluorene, 1.0 µg/plate 
TA100 & TA1535: sodium azide, 2 µg/plate 
TA1537: 9-aminoacridine, 50 µg/plate 
WP2uvrA: 4-nitroquinolone-1-oxide, 2 µg/plate 

Formulation/Vehicle: DMSO 
Incubation & sampling time: Agar overlay method with pre-incubation of 30 min 

± S9 metabolic activation using 3 plates/dose, 
incubation was for ~72 hr.  

 
Study Validity- Valid 

1. Sufficient strains were evaluated to cover types of genotoxic mechanisms. 
2. Doses were tested to limit of 5000 µg/plate. 
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3. No cytotoxicity to any tester strain ± S9 metabolic activation observed with 
viability of 99%. 

4. Precipitate was observed at ≥500 µg/plate -S9 and at ≥1500 µg/plate + S9 but 
did not interfere with evaluation. 

5. No bacterial contamination in sterility tests of S9 mixes and test article sham 
dilutions. 

6. No test article-dependent increase in revertant colonies noted ±S9 activation 
system. 

7. Revertant rates were within positive and negative controls historical data range. 
8. Appropriate positive controls were 4.2 - 46.6x greater than negative DMSO 

control values. 
 

Results 
This Ames study to evaluated carfilzomib spiked with 4 known process impurities to 
~1% of the total drug substance; these amounts were in excess of the levels reported in 
characterization of the drug substance.  The sponsor conducted two tests with the first 
test as a DRF study.  Carfilzomib up to 1500 µg/plate -S9 activation and 5000 µg/plate 
+S9 activation was not genotoxic in any bacterial strain tested.  No concentration-
dependent increase in revertants ± S9 metabolic activation was observed.  No single 
plate count exceeded a positive control mean value.  The sponsor’s Tables 4 and 5 for 
Test #2 are included below: 
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Table 82:  Bacterial Reverse Mutation Test Results for PR-171 in the Absence of 
Metabolic Activation (Test 2) 

 

 
(Table 4, pgs. 24 and 25, excerpted from Applicant’s package) 

Reference ID: 3138993

 Best Available Copy



NDA# 202714                                                      Reviewers: Dr. Bray and Dr. Hawes 
 

148 

Table 83:  Bacterial Reverse Mutation Test Results for PR-171 in the Presence of 
Metabolic Activation (Test 2) 

 
 

 
(Table 5, pgs. 26 and 27, excerpted from Applicant’s package) 
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7.2 In Vitro Assays in Mammalian Cells 

 
Study title:  Carfilzomib: In Vitro Mammalian Chromosome Aberration Test In 
Human Lymphocytes 
 

Study no.: TR-0070-171 
Study report location: EDR 4.2.3.3.1-TR-0070-171 

Conducting laboratory and location:

Date of study initiation: August 7, 2007 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: PR-171, 0705-029, ≥95% 

 
Key Study Findings 

 PR-171 causes an increase in chromosome structural aberrations in human 
peripheral blood lymphocytes, both in the absence and presence of metabolic 
activation. 

 The effect is more potent in the absence of metabolic activation. 
 
Methods 

Cell line: Human lymphocytes in whole blood culture 
 Concentrations in definitive study:     Test 1: 

±S9: 0.01, 0.02, 0.039, 0.078, 0.156, 0.313, 
0.625, 1.25, 2.5, 5, 10, 15 μg/mL 
    Test 2 : 
+S9: 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 5.5 
μg/mL 
-S9:  0.001, 0.002, 0.0039, 0.0078, 0.0156, 
0.0313, 0.0625, 0.125, 0.25 μg/mL 

Basis of concentration selection: Test 1 DRF: Precipitate was noted at ≥ 
312.5 µg/mL and cytotoxicity was noted at 
≥0.625 µg/mL -S9 and ≥5 µg/mL +S9. 
Test 2 DRF: Doses based on Test 1; Mitotic 
indices reductions (~50%) were not 
sufficient +S9, thus doses were increased 
compared to -S9. 

Negative control: DMSO 
Positive control: +S9: cyclophosphamide (5 µg/mL) 

-S9: Mitomycin C (Test 1, 0.2 µg/mL; Test 
2, 0.1 µg/mL) 

Formulation/Vehicle: DMSO 
Incubation & sampling time: 2 plates/treatment 

Test 1- 3 hr treatment, 18 hr recovery 
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Test 2- +S9: 3 hr treatment, 18 hr recovery 
             -S9: 21 hr treatment 

 
Study Validity- Valid 

1. Negative controls fell within historical range of proportion of cells with 
chromosomal aberrations. 

2. Appropriate positive controls induced appropriate increase in rate of 
chromosomal aberrations over threshold value ±S9 metabolic activation and 
within historical range. 

3. Cytotoxicity (~10-20% viability) was observed in least one dose used in the initial 
study. 

4. At least 3 concentrations in the two studies did not show excessive cytotoxicity 
(>50%) and were available for metaphase analysis. 

5. A sufficient number of cells were evaluated (100/plate, total of 200 cells).   
 

Results 
The sponsor performed two, duplicate plate tests with a separate DRF for each.  Dosing 
was limited by cytotoxicity.   The first test used the same incubation times of 3 hr, while 
the second test had the 3 hr incubation +S9, but 21 hr -S9.  
  
Test 1- Significant cytotoxicity with a steep concentration response was observed in the 
first test, with no mitotic cells present at any concentration.  In a repeat test, there was a 
mitotic index value of 55% at 0.313 µg/mL -S9 compared to control.  This concentration 
was considered to be the high dose in the absence of metabolic activation and used for 
the metaphase analysis (see Methods above with a single underline).  In the presence 
of metabolic activation, PR-171 caused a reduction of the mitotic index to 55% at 2.5 
µg/mL compared to control and was selected as the high dose (see Methods above with 
a double underline).   

Following 3 hr of exposure to PR-171 in the absence of metabolic activation, 
there was significant increase in the proportion of metaphase figures containing 
observable chromosomal aberrations all three doses.  At 0.078 and 0.156 µg/mL, there 
was a comparable increase of  6.0% and 6.5% mean cells with aberrations (excluding 
gaps) and 6.5 and 7.5% (including gaps), respectively.  These exceeded the historical 
range of 0-3.0% for % cell aberrations with gaps excluded, and equaled or exceeded 
historical range of 0-6.5% for % cells with gaps included.  At 0.313 µg/mL of PR-171, 
the values were 17% and 18.5% for % cell aberrations with gaps excluded and 
included, respectively.  There was also a concentration-dependent decrease in mitotic 
index observed. 

In the presence of metabolic activation, PR-171 at 2.5 µg/mL caused a significant 
increase in the proportion of metaphase figures containing observable chromosomal 
aberrations of 12% and 12.5% for % cell aberrations with gaps excluded and included, 
respectively.  The mitotic index compared to control was reduced at ≥1.25 µg/mL. 
 
Test 2- For continuous treatment of 21 hr, there was a mitotic index value of 49% at 
0.0625 µg/mL -S9 compared to control.  This concentration was considered to be the 
high dose in the absence of metabolic activation (see Methods above in bold and 
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single underline).  In the presence of metabolic activation, PR-171 for 3 hr caused a 
reduction of the mitotic index to 52% at 5.5 µg/mL compared to control and was 
selected as the high dose (see Methods above in bold and double underline).   

Table 84:  Summary of Metaphase Analyses ± S9 Metabolic Activation  

 
(Table 1, pg. 23, excerpted from Applicant’s package) 

 
PR-171 in the absence of metabolic activation at 0.0625 µg/mL caused a significant 
increase in the proportion of metaphase figures containing observable chromosomal 
aberrations of 9 and 12.5% for % cell aberrations with gaps excluded and included, 
respectively.  There also was a concentration-dependent increase in polyploidy 
frequency significant at 0.0625 µg/mL with a value of 7% (control: 0%).  There was also 
a concentration-dependent decrease in mitotic index observed. 
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In the presence of metabolic activation, PR-171 caused a dose-dependent increase in 
the proportion of metaphase figures containing observable chromosomal aberrations 
that was significant at ≥4.5 µg/mL.  At 5 µg/mL, there were maximal values of 14 and 
14.5% for % cell aberrations with gaps excluded and included, respectively.  The mitotic 
index was reduced at ≥4.5 µg/mL compared to control. 
 

 
Study title:  Carfilzomib: In Vitro Mammalian Chromosome Aberration Test In 
Human Lymphocytes 
 

Study no.: TR-0426-171 
Study report location: EDR 4.2.3.3.1-TR-0426-171 

Conducting laboratory and location:

Date of study initiation: March 19, 2010 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: PR-171, 197-36, 94.8% 

PR-519: 1.1% 
PR-59428: 1.1% 
PR-187: 1.3% 
PR-59462: 1.2% 

 
Key Study Findings 

 The results for PR-171 spiked with impurities are similar to a PR-171 drug 
substance with >95% purity. 

 PR-171 spiked with impurities causes an increase in chromosome structural 
aberrations in human peripheral blood lymphocytes at comparable 
concentrations. 

 
Methods 

Cell line: Human lymphocytes in whole blood culture 
 Concentrations in definitive study: +S9: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 μg/mL 

-S9:  0.04, 0.08, 0.10, 0.12, 0.14, 0.16, 
0.18, 0.20, 0.25, 0.30, 0.35 μg/mL 

Basis of concentration selection: DRF: significant cytotoxicity was noted at 
≥0.14 µg/mL -S9 and ≥5 µg/mL +S9. 

Negative control: DMSO 
Positive control: +S9: cyclophosphamide (5 µg/mL) 

-S9: Mitomycin C (0.2 µg/mL) 
Formulation/Vehicle: DMSO 

Incubation & sampling time: 2 plates/treatment 
3 hr treatment, 18 hr recovery  

 
Study Validity-  Valid 
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1. Negative controls fell within historical range of proportion of cells with 
chromosomal aberrations. 

2. Appropriate positive controls induced appropriate increase in rate of 
chromosomal aberrations over threshold value and within historical range+S9 
metabolic activation, but above historical range-S9- 69.0% vs. 62.5%. 

3. Cytotoxicity (~10-20% viability) was observed in least one dose used in initial 
study. 

4. At least 3 concentrations did not show excessive cytotoxicity (>50%) and were 
available for metaphase analysis. 

5. A sufficient number of cells were evaluated in the presence of metabolic 
activation (100/plate, total of 200 cells).  In the absence of metabolic activation, 
significantly fewer than 100/plate were evaluated (see Table below).  However, 
since there were clear concentration-dependent signs of clastogenicity and 
cytotoxicity, the evaluation was adequate. 

Table 85:  Metaphase Analysis Data - Number of Cell Examined 

 
(Table 3, pg. 27, excerpted from Applicant’s package) 

 
Results 
Significant cytotoxicity with a steep concentration response was observed in the first 
test, with no mitotic cells present at 1-10 µg/mL -S9 and 5-10 µg/mL+S9.  In a repeat 
test, there was a mitotic index value of 53% at 0.22 µg/mL -S9 compared to control with 
no toxicity evident at 0.01 - 0.05 µg/mL.  A second repeat was performed; was a mitotic 
index value of 49% at 0.12 µg/mL -S9 compared to control.  This concentration was 
considered to be the high dose in the absence of metabolic activation and used for the 
metaphase analysis (see Methods above with a single underline).  In the presence of 
metabolic activation, PR-171 caused a reduction of the mitotic index to 49% at 3 µg/mL 
compared to control and was selected as the high dose (see Methods above with a 
double underline).   

In the absence of metabolic activation, there was significant increase in the 
proportion of metaphase figures containing observable chromosomal aberrations all 
three doses.  At 0.04 µg/mL of PR-171, the mean values were 13.9% and 14.6% for % 
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cell aberrations with gaps excluded and included, respectively.  At 0.08 and 0.12 µg/mL, 
there was a comparable increase of 30.3% and 34.5% mean cells with aberrations 
(including and excluding gaps were identical values) respectively.  These exceeded the 
historical range of 0-3.0% for % cell aberrations.  There was also a concentration-
dependent decrease in mitotic index observed. 

In the presence of metabolic activation, PR-171 at 3 µg/mL caused a significant 
increase in the proportion of metaphase figures containing observable chromosomal 
aberrations of 15.2 % for % cell aberrations both with gaps excluded and included. 
There was also a concentration-dependent decrease in mitotic index observed. 

Table 86:  Summary of Metaphase Analyses ± S9 Metabolic Activation 

 
(Table 1, pg. 22, excerpted from Applicant’s package) 

 

7.3 In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay) 

 
Study title:  Carfilzomib Mouse Micronucleus Test 
 

Study no: TR-0071-171 
Study report location: EDR, 4.2.3.3.2-TR-0071-171 

Conducting laboratory and location:

Date of study initiation: August 28, 2007 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: PR-171, 06RD30, 95.3% 
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Key Study Findings 
 PR-171 did not cause a significant increase in the number of micronucleated 

polychromatic erythrocytes in either sex under the conditions tested. 
 Dose limiting toxicities such as weight loss and mortality with clinical signs that 

included flattened posture, piloerection, inactivity, irregular breathing, ungroomed 
coat and cyanosis was observed in both sexes at ≥2.5 mg/kg.  These clinical 
signs were also observed in surviving animals and all treated animals lost weight.  

 
Methods 

 
Doses in definitive study: ♂: 1.25, 2.5, 5 mg/kg; ♀: 0.31, 0.63, 1.25 mg/kg 

Frequency of dosing: Twice, 24 hr apart 
Route of administration: IV 

Dose volume: 10 mL/kg 
Formulation/Vehicle: 10% HPBCD (hydroxypropyl-β-cyclodextrin)/ 50 

mM sodium citrate, pH 3.5 
Species/Strain: Mouse/CD-1  

Age: ~6 weeks 
Weight: ♂28.0 - 32.0 g; ♀ 22.0 - 25.4 g 

Number/Sex/Group: 5/sex/group 
Satellite groups: none 

Basis of dose selection: MTD in DRF studies- female MTD set at 1.25 
mg/kg based on mortality at 2.5 and 5 mg/kg; 
male MTD set at 5 mg/kg based on mortality at 
7.5 mg/kg. 

Negative control: vehicle 
Positive control: Mitomycin C (12 mg/kg) at 20 mL/kg 

 
Bone marrow sampling occurred at 24 hr after last dose.  Bone marrow from both 
femurs was flushed and smears were taken on slides.  2000 polychromatic erythrocytes 
(PCE) per animal were evaluated for incidence of micronuclei.  The proportion of PCEs 
out of 1000 normochromatic erythrocytes (NCE) was performed in parallel with number 
of mature micronucleated erythrocytes recorded. The sponsor’s Acceptance Criteria are 
listed below: 
1. Each treated and control group should include at least 5 analysable animals. 
2. Vehicle control values for micronucleated polychromatic erythrocytes must be 
consistent with the laboratory historical negative control data. 
3. Positive controls must show clear unequivocal positive responses. 
4. The proportion of polychromatic erythrocytes among total erythrocytes in treated 
groups is not less than 20% of the control value. 
 
Study Validity-  Valid 
The study was adequate for the following criteria:  

1) Dosing appeared to be adequate based on the dose-ranging study results. 
2) Preparation and administration of the test substance was acceptable. 

Reference ID: 3138993

(b) (4)



NDA# 202714                                                      Reviewers: Dr. Bray and Dr. Hawes 
 

156 

3) Negative and positive controls were within historical range for (PCE/NCE) ratio 
and % Mononucleated Polychromatic Erythrocytes (% MN-PCE) 

4) Positive controls exhibited appropriate responses within historical range 
5) Proportion of immature erythrocytes (PCE)  among total erythrocytes was not 

less than 20% of the control value 
6) Positive control must induce a statistically significant (P<0.05) response of rate of 

MN-PCEs relative to the vehicle control 
7) Based on toxicity differences between the sexes, both sexes were evaluated in 

the definitive study. 
 

The Applicant reported that the study did not meet its own Criteria #1 with only 4/6 
males at 5 mg/kg surviving to termination; “As insufficient animals survived in this 
treatment group (i.e. less than 5), this group was excluded and no slide analysis was 
conducted.”  The Applicant did not measure exposure of PR-171 in mice; no 
comparison to human clinical exposure of drug is possible.  However, since the 
Applicant made a reasonable effort to dose to the MTD, the overall study is considered 
valid by this reviewer. 
 
Results 
 
Mortality 
Preliminary study: Treatment-related mortality was observed in females at ≥2.5 mg/ kg 
and males at 7.5 mg/kg.  One female at 5 mg/kg was found dead on Day 3 (prior to 
termination) with clinical signs that included flattened posture, piloerection, inactivity, 
irregular breathing, ungroomed coat and cyanosis.  One female at 2.5 mg/kg was found 
dead on Day 3 (prior to termination) with clinical signs that included flattened posture, 
inactivity, irregular breathing, ungroomed coat, and abnormal gait.  One male at 7.5 
mg/kg was sacrificed in extremis on Day 2, with severe clinical signs that included 
flattened posture, piloerection, reduced activity, irregular breathing, partially closed 
eyelids and cyanosis. 
 
Definitive study: One male at 2.5 mg/kg (#226M) and two males at 5 mg/kg (#233M and 
#501M) were found dead with clinical signs.  Oddly, the sponsor did not provide 
individual animal data that reported the specific findings for each animal, only a group 
summary (see below in Clinical Signs). 
 
Clinical Signs 
Preliminary study: On Day 3, clinical signs included flattened posture, piloerection, 
reduced activity, irregular breathing, ungroomed coat and cyanosis at ≥2.5 mg/kg in 
both sexes.  No significant signs were observed in females at 1.25 mg/kg. 
 
Definitive study:  On Day 3, similar clinical signs as the preliminary study were observed 
in males at all doses and females at 1.25 mg/kg.  Singular instances were observed in 
males at ≥2.5 mg/kg on Day 2.  No significant signs were observed in females at ≤0.63 
mg/kg. 
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Body Weights 
Definitive study:  All animals treated with PR-171 weighed less at the study termination 
compared to pre-dose weights.  The maximal mean weight loss was ~6-7% in males at 
1.25 and 2.5 mg/kg and females at 1.25 mg/kg.  The weight loss in males at 5 mg/kg 
was 9%, but this group was not included in micronucleus analysis.  Animals treated with 
Mitomycin C gained weight. 
 
Micronucleus Evaluation 
PR-171 did not cause a significant increase in the number of micronucleated 
polychromatic erythrocytes in either sex at any dose.  The %PCE was also unaffected 
by treatment. 

Table 87:  Summary of Mouse Micronucleus Test Results for Intravenous PR-171 
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(Table 1, pg. 22, excerpted from Applicant’s package) 
 

 
 
Study title:  Carfilzomib Mouse In Vivo Micronucleus Test 
 

Study no: TR-0422-171 
Study report location: EDR, 4.2.3.3.2-TR-0422-171 

Conducting laboratory and location:

Date of study initiation: March 12, 2010 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: PR-171, 186146TS, 92.3% 

PR-59428 (1.2%) 
PR-187 (0.77%) 
PR-519 (1.6%) 

 
Key Study Findings 

 PR-171 spiked with 3 process impurities did not cause a significant increase in 
the number of micronucleated polychromatic erythrocytes in either sex under the 
conditions tested. 

 Clinical signs and weight loss were comparable to Study #TR-0070-171. 
 
Methods 
 

Doses in definitive study: 0.625, 1.25, 2.5 mg/kg  
Frequency of dosing: Twice, 24 hr apart 

Route of administration: IV 
Dose volume: 10 mL/kg 

Formulation/Vehicle: 10% HPBCD (hydroxypropyl-β-cyclodextrin)/ 50 
mM sodium citrate, pH 3.5 

Species/Strain: Mouse/CD-1  
Age: ~6 weeks 

Weight: ♂28.2 - 32.8 g; ♀ 21.4 - 25.0 g 
Number/Sex/Group: 6/sex/group 

Satellite groups: none 
Basis of dose selection: MTD in DRF studies- female MTD set at 1.25 

mg/kg based on mortality at 2.5 and 5 mg/kg; 
male MTD set at 5 mg/kg based on mortality at 
7.5 mg/kg.  Clinical signs were observed 

Negative control: vehicle 
Positive control: Mitomycin C (12 mg/kg) at 20 mL/kg 

 
As for Study #TR-0070-171, above, except the sponsor’s Acceptance Criteria: 
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1. Each treated and control group should include analyzable smears from at least 5 
individual animals. 
2. Vehicle control values for micronucleated polychromatic erythrocytes must be 
consistent with the laboratory historical negative control data. 
3. Positive controls must show clear unequivocal positive responses. 
 
Study Validity-  Valid 
The study was adequate for the following criteria:  

1) Dosing appeared to be adequate based on the dose-ranging study results. 
2) Preparation and administration of the test substance was acceptable. 
3) Negative and positive controls were within historical range for (PCE/NCE) ratio 

and % Mononucleated Polychromatic Erythrocytes (% MN-PCE) 
4) Positive controls exhibited appropriate responses within historical range 
5) Proportion of immature erythrocytes (PCE)  among total erythrocytes was not 

less than 20% of the control value 
6) Positive control must induce a statistically significant (P<0.05) response of rate of 

MN-PCEs relative to the vehicle control 
7) Based on toxicity differences between the sexes in Study# TR-0070-171, both 

sexes were evaluated. 
The sponsor reported that the study did not meet its own Criteria #1 with only 4/5 males 
at 2.5 mg/kg surviving to termination; “As insufficient animals survived in this treatment 
group (i.e. less than 5), this group was excluded and no slide analysis was conducted.”  
The sponsor did not measure exposure of PR-171 in mice; no comparison to human 
clinical exposure of drug is possible.  However, since the sponsor made a reasonable 
effort to dose to the MTD, the overall study is considered valid by this reviewer. 
 
Results 
 
Mortality 
Preliminary study: Treatment-related mortality was observed at 5 mg/ kg. On Day 2, one 
female and one male at 5 mg/kg were sacrificed in extremis with severe clinical signs 
that included hunched posture, piloerection, closed left eyelid, unsteady gait, reduced 
activity, partially closed eyelids, slow breathing, muscle tremors and paleness. 
 
Definitive study: One male at 2.5 mg/kg (#231M) was found dead following clinical 
signs.   
 
Clinical Signs 
Preliminary study: On Day 3, clinical signs included piloerection, partially closed eyelids, 
reduced activity, paleness, hunched posture, deep breathing and unsteady gait at ≥2.5 
mg/kg in both sexes.  No significant signs were observed in females at 1.25 mg/kg. 
 
Definitive study:  On Day 3, similar clinical signs as the preliminary study were observed 
in males at all doses and females at 2.5 mg/kg.  No significant signs were observed at 
≤1.25 mg/kg. 
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Body Weights 
Definitive study:  In both sexes, four of five animals at 1.25 mg/kg and all animals at 2.5 
mg/kg weighed less at the study termination compared to pre-dose weights.  The 
maximal mean weight loss was 5% in males at 1.25 and 6% in females at 1.25 mg/kg.  
The weight loss in males at 5 mg/kg was 5%, but this group was not included in 
micronucleus analysis.  Animals treated with Mitomycin C gained weight. 
 
Micronucleus Evaluation 
PR-171 spiked with 3 process impurities did not cause a significant increase in the 
number of micronucleated polychromatic erythrocytes in either sex at any dose.  The 
%PCE was also unaffected by treatment. 

Table 88:  Summary of Mouse Micronucleus Test Results for Intravenous PR-171 
Spiked with Three Process Impurities 
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(Table 1, pg. 25, excerpted from Applicant’s package) 
 
 

9 Reproductive and Developmental Toxicology 

9.2 Embryonic Fetal Development 

 
Study title:  Preliminary Intravenous Embryo-Fetal Toxicity Study in Rats 
 

Study no.: TR-0074-171 
Study report location: eCTD: 4.2.3.5.2.TR-0074-171 

Conducting laboratory and location:

Date of study initiation: Sept. 19, 2007 
GLP compliance: no 

QA statement: no 
Drug, lot #, and % purity: PR-171, 050307, 93.33% 

 
Key Study Findings 

 Doses investigated induced a 5% decrease in body weight gain during dosing 
(not statistically significant). 

 Test article-related increases in % post-implantation loss at all doses due to early 
resorptions (not statistically significant). 

 
Methods 

Doses: 0.5, 1, and 2 mg/kg 
Frequency of dosing: daily 

Dose volume: IV bolus 
Route of administration: 1 mL/kg 

Formulation/Vehicle: 10% HPBCD (hydroxypropyl-β-cyclodextrin)/ 50 
mM sodium citrate, pH 3.5 

Species/Strain: Rat/ Sprague-Dawley [Crl:CD® (SD)IGS BR] 
Age: 10-12 weeks 

Weight: 238-291g 
Number/Sex/Group: 8/group 

Satellite groups: none 
Study design: Dosing from Gestation Days (GD) 6 to 17, with 

Cesarean section on GD 20 
Deviation from study protocol: 2 minor deviations 

 
Observations and Results 
 
Mortality 
None 
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Clinical Signs 
Not remarkable. 
 
Body Weight 
There was a non-significant dose-dependent decrease in body weight and body weight 
gain that was maximally -3% and -5%, respectively, compared to control for GDs 6-20.  
There was larger body weight gain differences observed early during the dosing period 
on GD2 6-9, but the weight gain recovered by the end of the in-life period. 

Figure 44:  Body Weight in Pregnant Rats Given Intravenous Administration of 
PR-171 from GD6-17  

 
(Figure excerpted from Applicant’s package) 

 
Feed Consumption 
Food consumption correlated with the body weight values. 
 
Necropsy 
Not remarkable. 
 
Cesarean Section Data 
All treated animals were pregnant and with viable fetuses.  No findings were different 
from control with statistical significance.  There was an increase in % post-implantation 
loss in all treated groups.  Values for post-implantation loss were 9.3%, 5.1%, and 5.6% 
at 0.5, 1, and 2 mg/kg, respectively, compared to control value of 1.6%.  This was due 
to increased mean early resorptions with values of 1.4, 0.8, and 0.8, respectively, 
compared to 0.1 for control.  There were no late resorptions noted for any group.  There 
was a decrease in gravid uterine weight in treated groups that did not highly correlate 
with the above noted increase in implantation losses. 
 
Offspring 
Not remarkable. 
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Study title: Carfilzomib: An Intravenous Embryo-Fetal Toxicity Study in Rats 
(GLP) 
 

Study no.: TR-0075-171 
Study report location: eCTD: 4.2.3.5.2.TR-0075-171 

Conducting laboratory and location:

Date of study initiation: January 7, 2008 
GLP compliance: yes 

QA statement: yes 
Drug, lot #, and % purity: PR-171, PCF001, 93.46% 

 
Key Study Findings 

 PR-171 was not tolerated at 2 mg/kg with clinical signs of piloerection, hunched 
posture, decreased activity, and feed consumption, a significant decrease in 
absolute body weight and in body weight gain and two animals found dead. 

 Increased pre-implantation loss and early resorptions at  1 mg/kg  
 No remarkable fetal malformations, variations or retardations were observed. 

 
Methods 

Doses: 0.5, 1, and 2 mg/kg 
Frequency of dosing: daily 

Dose volume: IV bolus 
Route of administration: 1 mL/kg 

Formulation/Vehicle: 10% HPBCD (hydroxypropyl-β-cyclodextrin)/ 50 
mM sodium citrate, pH 3.5 

Species/Strain: Rat/ Sprague-Dawley [Crl:CD® (SD)IGS BR] 
Age: 10-12 weeks 

Weight: 217-286 g 
Number/Sex/Group: 22♀/group 

Satellite groups: TK: 6♀/group 
Study design: Dosing from Gestation Days (GD) 6 to 17, with 

Cesarean section on GD 20 
Deviation from study protocol: None reported 

 
Observations and Results 
 
Mortality 
Two dams at 2 mg/kg were found dead on GDs 9 (#4512) and 15 (#4507), respectively.  
The deaths were considered test article-related.  Implantation sites with normal fetuses 
were found in both animals and the clinical signs observed were similar to those 
observed in the other dams at 2 mg/kg (hunched appearance, labored breathing, 
decreased activity, and piloerection).  Both dams had thin fluid in thorax at necropsy.  
Animal #4507 had an enlarged heart, distended colon, discolored jejunal serosa, and 
small spleen.  
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Figure 46:  Feed Consumption in Pregnant Rats Treated with Intravenous PR-171 from 
Gestational Day 6 to 17 (n=20-22) 

 
(Figure excerpted from Applicant’s package) 

 
Toxicokinetics   
TK samples were collected from 3 dams/group/time point on GDs 6 and 17 at pre-dose, 
5, 15, 30, and 60 min post-dose. 
 
As expected for an IV drug, Tmax was 5 min at all doses and days.  On GD 6, both Cmax 
and AUC were dose-linear from 0.5 to 1 mg/kg and were greater than dose-proportional 
from 1 to 2 mg/kg.  On GD17, PR-171 exposure as measured by Cmax and AUC were 
linear and dose-proportional from 0.5 to 1 mg/kg; AUC was less than proportional and 
Cmax was greater than proportional from 1 to 2 mg/kg.  Exposure of all three measured 
metabolites increased dose proportionally.  The abundance in descending order was 
PR-389 followed by PR-519 and then PR-413. 

Table 90:  TK Parameters of PR-171 and its Main Metabolites in a Rat Embryo-
Fetal Toxicity Study 

 
(Table, pg. 6, excerpted from Applicant’s package) 

 
Special Evaluation- Pharmacodynamics 
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Evaluated in blood cell pellets from samples taken at pre-dose and 1 hr post dose 
timepoints from 3 animals/group on GD 6.  At all dose levels and times, PR-171 induced 
>60% inhibition of mean proteasome activity; however in all cases, 2/group had >80%, 
and the final animals ranged from 0-60%. 

Figure 47:  Protease Activity in Whole Blood Samples from Pregnant Rats 

 
(Figure 1, pg. 429, Appendix S, excerpted from Applicant’s package) 

 
Dosing Formulation Analysis 
Test article concentration was confirmed at both RT and -70°C within 10% of the 
nominal doses (Day 1: 101.2 - 103.5%; Day 19: 91.0 - 99.8%).   
 
Necropsy 
Not remarkable, except for the two deaths at 2 mg/kg as noted under mortality. 
 
Cesarean Section Data 
All treated animals except one dam at 2 mg/kg were pregnant and with viable fetuses.  
No differences in findings compared to control were statistically significant.  There was 
an increase in early resorptions that resulted in a decreased % pre-implantation loss at 
 1 mg/kg.  There was a slight dose-dependent increase in gravid uterine weight in 
treated groups that did not correlate with any notable increase in viability. 
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Frequency of dosing: daily 
Dose volume: IV bolus 

Route of administration: 1 mL/kg 
Formulation/Vehicle: 10% HPBCD (hydroxypropyl-β-cyclodextrin)/ 50 

mM sodium citrate, pH 3.5 
Species/Strain: Rabbit/New Zealand White 

Age: ~5 months 
Weight: 3.0 - 3.8 kg 

Number/Sex/Group: 8/group 
Satellite groups: none 

Study design: Dosing from Gestation Days (GD) 6 to 19, with 
Cesarean section on GD29 

Deviation from study protocol: none reported 
 
Observations and Results 
 
Mortality 
One female (#4503) at 0.8 mg/kg was found dead on GD8 preceded by reduced food 
intake.  At necropsy, the findings were severe accumulation of thin red fluid in the 
thoracic and pericardial cavities, a severely edematous pericardium, a moderately 
enlarged mediastinal lymph node, and a moderately edematous thymus. 
 
Clinical Signs 
No overt dose-dependent signs of test article-related toxicities were observed.  
Reduced fecal output at 0.8 mg/kg was correlative to decreased food consumption.  
One female at 0.8 mg/kg had green fluid in the vagina and decreased food intake from 
GDs 8 to 16 (see below under C-section). 
 
Body Weight 
There was a dose-dependent trend in body weight gain reduction with a statistically 
significant decrease of 8% in mean body weight at 0.8 mg/kg compared to control on 
GDs 19 and 29.   Starting on GD 11, the body weights at 0.8 mg/kg were significantly 
different. 
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Clinical chemistry signs of end organ failure were noted in animals dosed with PR-171 
plus LPS or bortezomib plus LPS with increases in CK, AST, ALT, BUN and 
phosphorus and a decrease in albumin. 
 
Study #SNMouseCytokineAnalysis-  Male BALB/c mice were administered intravenous 
bolus of 5 or 10 mg/kg PR-171 ± 50 µg of intraperitoneal lipopolysaccharide (LPS).  PR-
171 was given 1 hr after LPS was given and blood samples were obtained 1.5, 6, and 
12 hrs following LPS challenge (n=5/group).  Carfilzomib administered 1 hr prior to LPS 
resulted in a significant increase in RANTES, MCP-1, IL-6, IL-1β, IFN-γ, and IL-17 at 6 
or 12 hr following LPS challenge. 
 

11 Integrated Summary and Safety Evaluation 
The applicant has developed carfilzomib (PR-171) for treatment of relapsed/refractory 
multiple myeloma.  Carfilzomib is an irreversible inhibitor of the chymotrypsin-like 
activity of the 20S proteasome, which is comparable in activity and toxicity to its 
chemical analogue, bortezomib (Velcade®, a FDA-approved reversible protease 
inhibitor for treatment of relapsed/refractory multiple myeloma).  The Applicant 
hypothesizes that carfilzomib may have improved efficacy due to its longer sustained 
action via lack of reversible binding and less toxicity since no neuropathy was noted in 
the nonclinical studies.   
 
Pharmacology/Pharmacokinetics:   
Carfilzomib is an irreversible inhibitor targeting the chymotrypic active sites of the 20S 
proteasome (PR-171 potency = chymotrypsin-like > PGPH-like > trypsin-like).  
Carfilzomib potency at chymotrypsin-like (IC50 = 4 nM) and trypsin-like (IC50 = 2400 nM) 
active sites is similar to other proteasome inhibitors; however, carfilzomib is less potent 
at PGPH-like sites, making it more selective for chymotrypsin-like sites.  Carfilzomib is 
also an NK2 receptor antagonist, but with 100-fold less potency than for the 20S 
proteasome.  Carfilzomib leads to cell death in human tumor cell lines in vitro via 
activation of the apoptotic pathway. 
 
Cells resistant to bortezomib are not cross-resistant to carfilzomib, even though both 
target the 20S proteasome.  These findings suggest that carfilzomib differs functionally 
enough to circumvent resistance to bortezomib.  It is unclear if these differences are 
purely due to increased specificity of carfilzomib to the chymotrypic active sites, off-
target binding, or compound-specific resistance mechanisms.  Carfilzomib is also a 
substrate for P-gp proteins (≥100 nM), suggesting that it may be susceptible to 
multidrug resistance protein 1 (MDR1)-mediated drug resistance. 
 
In heart tissue, carfilzomib also inhibits caspase-like and trypsin-like activity, but this 
seems to be specific for the heart as it was not seen in other tissues (blood, adrenal, 
bone marrow, spleen, liver, lung, and kidney).  Carfilzomib significantly inhibits the 
hERG channel potassium current at doses ≥ 1.5 M, which is more than 300-fold higher 
than the concentration at which it inhibits 20S proteasome chymotrypsin-like activity.  In 
a safety pharmacology study in monkeys, a single bolus intravenous injection of 3 
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mg/kg carfilzomib resulted in increased ventricular premature complex, ST segments 
and T wave amplitudes in one male, and increased heart rate and troponin-T levels and 
decreased blood pressure, PR interval, QRS interval and QT interval in the other male 
tested.  Both males administered 3 mg/kg died within 73 hours after dosing.  Although 
unclear, it is possible that heart-specific activities of carfilzomib at one or all of the 
above described non-specific sites are responsible for the cardiac toxicities observed in 
animals at high doses. 
 
Carfilzomib has high plasma protein binding (93-97%), but with a high degree of 
degradation in plasma (39-66%) due to peptidase cleavage, which also occurs in liver, 
lung and kidney.  Carfilzomib has short half-life (<20 min); however, recovery is 
dependent on new proteasome protein production due to the irreversible binding, which 
occurs within 24 hours in some tissues (adrenal gland, liver, and PBMC), but longer in 
others (erythrocytes, bone marrow, heart).  Due to the slow turnover rate or 
erythrocytes, only minimal recovery occurs in whole blood after 9 days in monkeys.  
Therefore, recovery is prolonged in tissues unable or slow to synthesize new 
proteasomes. 
 
Although carfilzomib was rapidly and widely distributed to most tissues, it did not cross 
the blood-brain barrier.  Significant (80% to complete) proteasome inhibition was 
evident in whole tissues after single or a minimal number of IV bolus infusions in 
monkeys (≥ 0.5 mg/kg or  6 mg/m2) and rats (≥ 2 mg/kg or  12 mg/m2).  In vivo 
pharmacodynamics in rats and monkeys were comparable to humans, wherein 76% to 
92% proteasome inhibition was evident after single doses at ≥ 15 mg/m2 and persisted 
for ≥48 hours (Study #PX-171-005, #PX-171-006, and PX-171-007).  In mice, only a 
twice daily schedule (5 mg/kg/dose or 15 mg/m2/dose X 2 = 10 mg/kg/day or 30 
mg/m2/day) exhibited an anti-tumor response towards xenografts (human H-29 colon 
cancer cells), whereas twice weekly dosing of 10 mg/kg/dose or 30 mg/m2/dose did not 
inhibit tumor growth.  Since the mouse exposures following either administration 
schedule were similar to rat exposures that are sufficient to completely inhibit 
proteasome activity in blood for > 24 hours and up to 4 days, it is unclear why only a 
twice daily schedule is sufficient for anti-tumor drug efficacy in mouse xenografts.  Since 
carfilzomib is rapidly distributed throughout the body, it is likely that myeloma cells may 
receive similar drug exposures as the xenografts.  However, it is also possible that 
myeloma cells may differ in susceptibility to carfilzomib-mediated activity; therefore, it is 
uncertain how the anti-tumor activity in these mouse xenograft studies correlate with 
potential anti-myeloma activity in humans.   
 
Carfilzomib is predominantly metabolized via peptidase cleavage and epoxide 
hydrolysis, but is not significantly metabolized by cytochrome P450 enzymes in vivo.  
Profiles of major carfilzomib metabolites in monkey and rat plasma and urine are similar 
to those of human plasma and urine. The carfilzomib diol (M16) is the predominant 
metabolite, but is also rapidly metabolized and has a short half-life (Tmax = 30 min).  The 
other 2 predominant metabolites M14 and M15 are due to peptidase cleavage and were 
identified in all rat blood and tissue homogenates with M14 being more abundant than 
M15 in all tissues.  Metabolites identified in 3H-carfilzomib include tyrosine (M1) and 
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phenylalanine (M2) amino acids.  None of the five carfilzomib metabolites tested (M3, 
M4, M14, M15 and M16) significantly inhibited proteasome activity in vitro.  In rats, 3H-
carfilzomib pharmacokinetics does not mirror carfilzomib pharmacokinetics, suggesting 
contamination of radiolabeled peptidic metabolites (i.e. Phe) that cannot be 
differentiated from endogenous components and are likely incorporated into new 
proteins, giving the appearance lingering carfilzomib exposure even after 1 week.   
 
Carfilzomib is primarily eliminated via non-hepatic mechanisms in humans, monkeys, 
and rats.  However, in mice, clearance is comparable to liver blood flow, which does not 
necessarily implicate non-hepatic clearance of carfilzomib in mice.  Carfilzomib is 
largely and rapidly (within 4 hours) cleared extrahepatically via biliary excretion and 
kidney excretion.  In monkeys, the majority of the parent drug clearance occurs in the 
first minute with a biphasic, multi-exponential profile via an unknown mechanism.  
Moreover, these studies further suggest that while some elimination mechanisms are 
similar between species, there are also some species-specific clearance and/or 
metabolism mechanisms that may ultimately lead to differences in exposures after 
repeat dosing between species.   
 
Since the half-life of carfilzomib is very short, the observed increases in exposure with 
repeat dosing are likely due to decreased elimination rather than drug accumulation. 
Since renal clearance accounts for 30% of carfilzomib elimination, it would be 
reasonable that drug-related renal toxicities could be associated with decreased renal 
clearance, leading to increased drug Cmax and AUC with repeat dosing.  It is unclear if 
renal impairment would increase the risk of drug toxicity in humans.   
 
Carfilzomib weakly to modestly inhibits CYP3A4, CYP1A2, and CYP2C in vitro and in 
vivo.     
 
Toxicology:  
In single dose studies in rats, signs of hepatotoxicity and nephrotoxicity based on gross 
pathology, hematology and clinical chemistry were observed.  The sponsor conducted 
3- and 4-week, and 3/6-month repeat-dose toxicology studies in rats, and 4-week and 9-
month repeat-dose toxicology studies in monkeys.  Rats were administered 1, 2, or 4 
mg/kg (6, 12 or 24 mg/m2) and monkeys were administered 0.5, 1, or 2 mg/kg (6, 12 or 
24 mg/m2).  All chronic repeat-dose studies used an  administration schedule that is the 
same as the proposed clinical regimen and an intravenous bolus injection of carfilzomib.  
Bolus intravenous administration was used in in vivo genetic toxicity and reproductive 
and developmental toxicity studies, but for practical considerations did not use the 
clinical administration schedule.  All treated groups evaluated in the repeat-dose studies 
(chronic and reproductive and developmental toxicity) had levels of protease inhibition 
in blood consistent with tumor cell inhibition in mouse xenograft studies, but minimal 
recovery was observed.  Significant and consistent dose-dependent mortality and 
toxicities were observed in all studies conducted with carfilzomib.  Interestingly, animals 
that survived the first dosing cycle in the repeat-dose studies often had reduced 
evidence of significant toxicity.  Many findings were exaggerated pharmacology related 
to the proteasome inhibition activity of carfilzomib, consisting of effects on hematological 
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as dose increased.  Causes of deaths were attributed to GI tract hemorrhage/necrosis, 
and cardiac or kidney failure (described below).  At shorter durations, mortality was 
observed at doses ≥ 6 mg/kg.  In a 3 week study, one rat died at 6 mg/kg on Day 3 of 
dosing with notable weight loss.  In three single dose studies, there was also mortality at 
doses ≥ 6 mg/kg with clinical signs including lethargy and piloerection; weight changes 
were inconsistent. 

In monkeys, mortality was observed in one male and one female at 2 mg/kg on 
Days 157 (found dead) and 132 (moribund), respectively, preceded by clinical signs 
including emesis, hunched posture, lethargy and weight loss.  Cause of death was 
attributed to multiple organ failure. 

In the mouse micronucleus study, there was mortality at ≥ 2.5 mg/kg preceded by 
signs that included piloerection, partially closed eyelids, lethargy, paleness, hunched 
posture, deep breathing and unsteady gait; these findings were also observed in 
animals that survived. 
 
Body Weights:  
As mentioned above, mean body weight decreases were observed in rats and mice and 
often the most profound losses were in animals that died.  Feed consumption was 
correlated to body weight findings, especially preceding deaths.   

Male rats had 13-16% and females had 4-8% body weight decreases following 6 
months of administration, but weight gain and feed consumption reductions were 
observed following each of the two days of dosing during each cycle with recovery 
observed during the 2 weeks between dosing cycles.  In the mouse micronucleus study, 
all treated groups had mean body weight losses at ≥ 0.31 mg/kg after two doses with 
most individual animals losing weight. 

Monkeys showed little mean body weight differences.  Males had a maximum 
mean reduction of 7% at 2 mg/kg compared to controls after 6 months, but females 
showed no reduction at any dose.  However, the two animals that died had body weight 
losses preceding death. 
 
Heart:  
Cardiotoxicity was observed in both species and was considered a cause of death in 
some animals (see Mortality, above).  In male rats after 3 weeks twice weekly dosing, 
there were treatment-related findings of mild to moderate myocardial hypercellularity 
with myofiber atrophy at ≥ 2mg/kg, and mild to moderate necrosis at ≥ 4 mg/kg without 
dose-dependency to incidence and severity.  In the chronic study after 26 weeks, the 
most significant histopathological findings were minimal myofiber degeneration/necrosis 
in two males at ≥ 2 mg/kg and a single male at 2 mg/kg with moderate myocyte 
hypertrophy.  Minimal fibrosis was observed at 4 mg/kg in one male at 12 weeks and 
one female at 26 weeks.  Minimal congestion/hemorrhage in one male at 1 mg/kg after 
26 weeks, and cardiomyopathy in both sexes at ≥1 mg/kg after 13 and 26 weeks were 
also noted.  There were increased mean heart weights in males at all doses and 
females at ≥ 2 mg/kg.  Fibrin increases were noted at all doses in males and at ≥ 2 
mg/kg in females.  The causes of death of one male at 2 mg/kg and two males and one 
female at 4 mg/kg were determined to be cardiac fibrosis and two females at 4 mg/kg 
died of cardiac failure.  The findings were more severe than in animals that survived to 
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scheduled sacrifice.  In the three-week study, there was mild to moderate myocardial 
hypercellularity with myofiber atrophy; and mild to moderate necrosis at ≥ 4 mg/kg was 
noted in most animals. 
 In the chronic monkey study, heart weights at 2 mg/kg were increased compared 
to control by 11% and 49% for males and females, respectively, with some 
histopathological findings.  Minimal myocyte degeneration was observed in one male 
and one female at 1 mg/kg and two males at 2 mg/kg.  Minimal to moderate myocyte 
hypertrophy was observed in all males and one female at 2 mg/kg.  Dose-dependent 
increase in incidence of slight to moderate chronic inflammatory cell infiltrate was 
observed at all doses; control animals had minimal findings.  A male at 2 mg/kg that 
was found dead late in the study (Day 157) had cardiac findings consistent with multiple 
organ failure with congestive heart failure including inflammation in the heart with 
myocyte hypertrophy and degeneration.  One male at 2 mg/kg had increased R wave 
amplitude on Day 73 following dosing with the amplitude increasing on Days 161 and 
239 and with histopathological correlates of left ventricular enlargement and edema and 
atrial endocardial hypertrophy with increased heart weight.  The findings at 2 mg/kg did 
not recover after 8 weeks.  In a two dose- seven day study in monkeys, there were 
elevated levels serum CRP, fibrinogen, and troponin I at 2 mg/kg.  One animal had 
myocardial degeneration correlated with high troponin I and CRP levels that did not 
recover.  The data suggest that carfilzomib caused cardiotoxicity in rats and monkeys at 
AUCs approximately comparable to AUCs in humans receiving 27 mg/m2 and this 
impairment is likely permanent.  Overall, carfilzomib appears to induce congestive heart 
failure in rats and monkeys. 
 
Kidney:  
Essentially all studies submitted had clinical chemistry, gross pathology and/or 
histopathology findings consistent with renal toxicity.  In rats after 3 weeks, tubular 
vacuolation was noted at all doses with a dose-dependency to incidence and severity.  
Casts and epithelial necrosis were noted in one animal at 6 mg/kg.  In the chronic study, 
kidney toxicity in both sexes was noted, indicated by increased BUN, creatinine, and 
phosphorus with enlarged kidneys, and microscopic findings of chronic progressive 
nephropathy and glomerulonephropathy.  There was a dose- and duration-dependent 
effect with increasing incidences and severity of minimal to moderate chronic 
progressive nephropathy in both sexes at ≥ 2 mg/kg at 12 weeks and all doses at 26 
weeks, and slight (2 mg/kg at 12 weeks) to moderate (4 mg/kg at 26 weeks) 
glomerulonephropathy noted in males.   Minimal to moderate tubular vacuolation was 
observed at 26 weeks in males at ≥ 2 mg/kg; females at 26 weeks and males at 12 
weeks had no dose relationship for this finding.  Kidney weights were significantly 
increased at all doses; and one male at 12 and 26 weeks each had enlarged, pale 
kidney correlating to nephropathy findings.  BUN and was significantly increased by 6.1-
fold in males and 38% in females at 4 mg/kg and creatinine was increased 2.3-fold in 
males at 4 mg/kg.  Total protein, albumin and globulin were significantly decreased and 
phosphorus was significantly increased at 4 mg/kg, but at more modest levels.  Some 
causes of deaths were attributed to kidney failure, specifically the deaths of two males 
at 2 mg/kg were attributed to glomerulonephropathy and one female at 4 mg/kg died of 
renal tubular necrosis.  Renal toxicity was often evident in the supportive single dose 
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toxicology studies based on BUN, creatinine and phosphorus increases and total 
protein and albumin decreases.   

In monkeys, there was minimal to moderate mononuclear cell infiltration and 
minimal to mild increased mesiangial matrix at 2 mg/kg after two doses of carfilzomib 
with elevated serum BUN, creatinine, and decreased total protein, albumin and 
phosphorus.  In the chronic study, dose-dependent increases in severity of slight to 
severe glomerulonephropathy was observed in most animals at ≥ 0.5 mg/kg with 
increased organ weights and gross findings of pale enlarged kidneys with red foci at ≥ 1 
mg/kg, increased serum BUN (1.5-2.8-fold over control) at ≥ 1 mg/kg and creatinine (> 
2-fold over control) at 2 mg/kg, and decreased albumin at ≥ 1 mg/kg and total protein at 
2 mg/kg.  In the male that died at 2 mg/kg, renal failure was considered contributory. 

The renal toxicity appears to be prerenal azotemia based on the observed 
findings.  There was elevated BUN, creatinine, and phosphorus with pale, enlarged 
kidneys with correlative increased organ weight and glomerulonephropathy in both rats 
and monkeys.  Prerenal azotemia is often a consequence of congestive heart failure, 
which was observed (see Heart, above).  Additionally, increased mean adrenal gland 
weights were observed in high dose animals of both species and transient cortical 
vacuolation was observed in male rats at 4 mg/kg.  This is often a response of the 
Renin-Angiotensis-Aldosterone-System resulting in increases in aldosterone synthesis 
(not evaluated in toxicity studies).  The Applicant did not measure Glomerular Filtration 
Rate (GFR) for definitive diagnosis. 
 
Liver:  
Rats and monkeys had signs consistent with an Acute Phase Response (APR), but the 
rats had generally more severe pathological findings.   APR was often evident in the 
supportive single dose toxicology studies.  Both species had increased liver weights and 
decreased ALT in the chronic studies.   Additionally, both species had increased CRP, 
neutrophils, monocytes, and fibrinogen with decreased albumin consistent with APR.  
These occurred at all doses in rats while the monkeys tended only to have these 
findings at the high dose of 2 mg/kg.  In the chronic rat study, additional findings of 
increased triglycerides, AST and cholesterol with centrilobular hepatocellular 
hypertrophy and periportal hepatic fatty vacuolation at all doses were noted at 12 weeks 
and at 26 weeks in females; ALP was increased at 4 mg/kg.  After 26 weeks, males at 4 
mg/kg also had increased decreased triglycerides and AST.  Decreased total hepatic 
CYP protein content was observed in both sexes at 4 mg/kg.  Males at 4 mg/kg after 13 
weeks of administration and after recovery had comparable microscopic findings as 
females, but these were not found at 26 weeks.   In the three week study, there was 
necrosis of varying severity noted at ≥ 2 mg/kg and neutrophilic infiltration at all doses.   
After 6 months, monkeys had changes discussed above in both sexes but without any 
histopathological correlates. However, increased ALP and ALT, decreased albumin, and 
marked diffuse hepatocellular glycogen accumulation in the liver was noted as 
contributory to the death of the female at 2 mg/kg that was euthanized on Day 132.  
Elevated serum CRP, AST and fibrinogen were noted at 2 mg/kg following two days of 
intravenous administration suggesting an APR.  The differences may be related to 
increased exposure in rats or better adaptation to the carfilzomib by monkeys. 
 

Reference ID: 3138993



NDA# 202714                                                      Reviewers: Dr. Bray and Dr. Hawes 
 

178 

Large Intestine:  
The findings in rats as related to mortality warrants increased concern. In the chronic rat 
study 3 deaths (all male) at 4 mg/kg were attributed to GI tract hemorrhage/necrosis.  In 
a 3 week study, one animal at 6 mg/kg had moderate fibrosis, glandular dilatation, and 
mucosal epithelial hyperplasia and two animals had mild neutrophilic mononuclear 
infiltration.  Some female monkeys at 1 mg/kg (the mid-dose group) had edema in 
sections of the large intestine.  There were no significant findings at the end of dosing in 
the chronic studies suggesting that some adaptive response may be occurring. 
 
Neurotoxicity:  
The applicant conducted a 4-week neurological evaluation study in rats with twice 
weekly intravenous administration of 2 mg/kg carfilzomib and 0.2 mg/kg bortezomib as 
a positive control.  This study was inadequate due to lack of positive control effect for 
the functional assays and histopathology.  Neurotoxicity (functional or histopathological 
findings) was not clearly evident at the doses used for either drug.  Since bortezomib is 
reportedly neurotoxic, the study is not considered useful in assessing neurotoxicity of 
carfilzomib.  However, no signs of neurotoxicity were present in any toxicity study.  
 
Lymph Node:  
In the chronic rat study, discolored lymph nodes were observed at 26 weeks with 
minimal to slight increased mast cells in males at ≥ 2 mg/kg at all time points, (except: 
minimal findings at 4 mg/kg after recovery); and in females at ≥ 1 mg/kg at 13 and 26 
weeks.  Intrasinusoidal erythrocytes and minimal findings of brown pigment were 
present at ≥ 2 mg/kg in both sexes at 26 weeks.  Minimal to slight increased 
lymphocytes were noted in males at ≥1 mg/kg at 13 weeks, and moderate increased 
lymphocytes were noted in females at both 13 weeks and recovery, but not at 26 
weeks.  In the monkey chronic study, there was slight to moderate medullary 
granulocytes/ granulocytopoiesis in of the mediastinal lymph node in 2/3 animals of both 
sexes at 2 mg/kg.  The findings did not recovery fully in either species. 
 
Bone:  
In rats and monkeys at ≥ 1 mg/kg, there were increases in neutrophils, monocytes, 
reticulocytes, WBCs and leukocytes and decreased RBCs noted with microscopic 
correlates such as bone marrow hypercellularity (increased reticulocytes). There was an 
increase in severity, but not incidence, of hypercellularity in both sexes of monkeys in all 
groups.  Control animals tended to have minimal to slight findings, while treated animals 
increased to moderate or marked at the high dose.  In shorter duration studies, 
decreased platelets and hematocrit indicative of thrombocytopenia were observed.  In 
rats, there was a less pronounced treatment-related effect that showed some sex-
dependent differences.  This is an expected response to the increased blood cells noted 
in the hematology.  These findings were reversible. 
 
Spleen:  
Along with the related changes in hematopoietic parameters described above, there 
was decreased marginal zone width and/or cellularity, with increased spleen weight in 
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rats after 6 months.  The monkey findings at 6 months were milder: one of 4 monkeys at 
2 mg/kg had comparable findings.  The findings partially recovered. 
 
The following organs had significant findings, but were restricted to shorter duration 
studies in rats. This suggests that these findings are transient and adaptive. 
 
Lung:  
In a three-week toxicity study in rats, there were treatment-related findings in lung with 
little or no dose-dependency to incidence and severity at 3 weeks.  Mild to moderate 
lung histopathological findings suggestive of pneumonia were noted in all treated 
animals with neutrophilic infiltration at all doses.  There was some minimal inflammatory 
cell infiltration noted in high dose group only at 3 weeks.  Other shorter, non-GLP 
studies with higher doses showed fluid in the thoracic cavity. 
 
Since pneumonia was not seen in any other study, the relationship to carfilzomib is 
unclear.  It may be that carfilzomib made the animals more sensitive to an opportunistic 
infection, as is evidenced by data that mice treated with carfilzomib and given an 
endotoxin challenge had increased mortality with increasing markers of inflammatory 
responses. 
 
Pancreas:  
In a three-week toxicity study in rats, necrosis of varying severity was noted in pancreas 
at ≥ 2 mg/kg at 3 weeks.  Minimal to slight findings were present at 2 mg/kg only after 
26 weeks in the chronic toxicity study in rats.  
 
Intestinal Fat:  
In a three-week toxicity study in rats, there were findings of intestinal fat with no dose-
dependency to incidence and severity, and neutrophilic infiltration in fat at all doses after 
three weeks. 
 
Genetic Toxicity:  
Carfilzomib was not genotoxic in bacteria up to 5000 µg/plate ± metabolic activation.  
When spiked with 4 process impurities, no genotoxicity was observed up to 1500 and 
5000 µg/plate with and without metabolic activation, respectively.   Carfilzomib caused 
an increase in chromosome structural aberrations in human peripheral blood 
lymphocytes in vitro, both in the absence (≥0.0625 µg/mL) and presence (2.5 µg/mL) of 
metabolic activation.  The results for carfilzomib spiked with 4 impurities showed a 
similar increase in chromosome structural aberrations in the absence (≥0.04 µg/mL) and 
presence (3 µg/mL) of metabolic activation.  The results are consistent with the 
mechanism of action.  Bortezomib, a related protease inhibitor, has clastogenic activity 
in vitro based on the package insert.  Carfilzomib and bortezomib were reported to have 
cytotoxic activity via apoptosis on lymphoma cell lines in vitro.7  Although not definitive, 
this study would be consistent with clastogenicity.  Carfilzomib was clastogenic at lower 
concentrations in the absence of metabolic activation, suggesting that the S9 fraction 

                                            
7 Demo, et al. (2007) Cancer Research; 67: 6383. 
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inactivates carfilzomib to a degree.  This would be consistent with the observation that 
the clastogenic effects noted on lymphocytes are pharmacodynamic in nature.  This is 
also consistent with the fact that CYPs are not believed to be major components in 
metabolism of carfilzomib, thus complete inactivation was not observed.  Carfilzomib, 
and carfilzomib spiked with 4 impurities, did not cause a significant increase in the 
number of micronucleated polychromatic erythrocytes in either sex in the in vivo 
micronucleus assay.   
 
Reproductive Toxicology:  
A preliminary EFT study in rats up to 2 mg/kg did not induce significant maternal or fetal 
toxicity; non-significant carfilzomib-related increases in % post-implantation loss at all 
doses due to early resorptions were noted; the definitive EFT study was conducted 
using the same doses as the preliminary study.  There were significant maternal 
toxicities observed at 2 mg/kg (approximately 20% the AUC in patients receiving 27 
mg/m2 for two weeks), with clinical signs of piloerection, hunched posture, decreased 
activity, and feed consumption, a significant decrease in absolute body weight and in 
body weight gain with mortality (two animals found dead at 2 mg/kg).  One dam at 2 
mg/kg had total implantation loss.  Increased pre-implantation loss and early resorptions 
were observed at  1 mg/kg/day (approximately 10% the AUC in patients), although no 
findings were statistically significant compared to control.     

In rabbits, only a preliminary EFT study up to 0.8 mg/kg was conducted.  
Significant maternal toxicity was noted at 0.8 mg/kg (approximately 40% the 
recommended dose in humans of 27 mg/m2 based on body surface area) with 
significant body weight and feed consumption decreases compared to control.  One 
dam at was found dead on GD 8 with pathological findings of cardiac and pulmonary 
edema.  There was a statistically significant increase in % pre-implantation loss at ≥ 0.4 
mg/kg (approximately  20% the recommended human dose of 27 mg/m2).  There was 
a non-statistically significant increase in post-implantation loss, and decreased mean 
viable fetuses and fetal weight at 0.8 mg/kg.  The increased post-implantation loss was 
primarily driven by one litter in a female with gross pathological and clinical findings, 
supporting the possibility that some degree of embryo-fetal toxicity observed may be 
related to maternal toxicity.   

Carfilzomib caused no overt teratogenicity.  However, these studies were limited 
in the ability to adequately assess teratogenicity due to the inability to reach high 
exposures due to maternal dose-limiting toxicity.   Embryo-lethality occurred at or below 
human exposures based on findings of increased post-implantation loss from early 
resorptions in rats and rabbits.  The maternal findings for carfilzomib in pregnant rats 
and rabbits were consistent with those previously reported chronic toxicity studies 
(decreased weight gain, feed consumption, piloerection and hunched posture).  
Inappetance in rabbits is a known cause for abortions and embryo-lethality.   There 
were no significant toxicities observed in reproductive tissues in the chronic studies in 
rats and monkeys.  The weight of evidence suggests risk to a pregnant woman because 
of embryo-fetal lethality secondary to maternal toxicities but without overt teratogenicity 
at clinically relevant exposures. 
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NDA Number: 202714 Applicant:  Onyx 
Pharmaceuticals 

Stamp Date: September 27, 2011

Drug Name: carfilzomib NDA Type: 505(b)1 standard  

 
60-Day Filing Review Date:   November 8, 2011 
74-Day Letter Date:    November 26, 2011 
Expected Date of Draft Review:   
PDUFA Goal date:    July 27, 2012 
 
Jeffery Bray is reviewing the nonclinical toxicology section of this NDA submission; Jessica 
Hawes is reviewing the pharmacology, safety pharmacology, and ADME sections. The applicant 
submitted an apparently complete nonclinical toxicology package that included: 

4 acute toxicity studies (3 rat, 1 nonhuman primate) 
9 repeat dose toxicity studies (6 rat, 3 nonhuman primate) 
6 genotoxicity studies (4 in vitro, 2 mouse micronucleus) 
3 reproductive toxicity studies (2 rat, 1 rabbit embryofetal toxicity) 

No fertility and early embryonic development, peri-postnatal development, or carcinogenicity 
studies were submitted based on ICH S9. 
 
On initial overview of the NDA application for RTF:  
  

 
 

Content Parameter 
 

Yes
 

No
 

Comment 
1 On its face, is the pharmacology/toxicology 

section of the NDA organized (in accord 
with 21 CFR 314 and current guidelines for 
format and content) in a manner to allow 
substantive review to begin?   

X  

 

 
2 

 
Is the pharmacology/toxicology section of 
the NDA indexed and paginated in a 
manner allowing substantive review to 
begin?  

X  

 

 
3 

 
On its face, is the pharmacology/ 
toxicology section of the NDA legible so 
that substantive review can begin?  

X  
 

 
4 

 
Are all required (*) and requested IND 
studies (in accord with 505 b1 and b2 
including referenced literature) completed 
and submitted in this NDA (carcinogenicity, 
mutagenicity*, teratogenicity*, effects on 
fertility, juvenile studies, acute and repeat 
dose adult animal studies*, animal ADME 
studies, safety pharmacology, etc)? 

X  

No phototoxicity evaluation was conducted. 

 
5 

 
If the formulation to be marketed is 
different from the formulation used in the 
toxicology studies, have studies by the 
appropriate route been conducted with 
appropriate formulations?  (For other than 
the oral route, some studies may be by 
routes different from the clinical route 

X  

Applicant states that the to-be-marketed 
formulation was used in the pivotal nonclinical 
studies. 
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Content Parameter 

 
Yes

 
No

 
Comment 

intentionally and by desire of the FDA).  
6 
 
 
 
 
 

 

On its face, does the route of administration 
used in the animal studies appear to be the 
same as the intended human exposure 
route?  If not, has the sponsor submitted a 
rationale to justify the alternative route? 

X  

 

7 Has the sponsor submitted a statement(s) 
that all of the pivotal pharm/tox studies 
have been performed in accordance with the 
GLP regulations (21 CFR 58) or an 
explanation for any significant deviations? 

X  

The applicant stated in Section 2.6.6, “All 
pivotal nonclinical studies were conducted
consistent with ICH Nonclinical Testing 
Guidelines and in compliance with the 
Good Laboratory Practice (GLP) 
Regulations.” 

8 Has the sponsor submitted all special 
studies/data requested by the Division 
during pre-submission discussions with the 
sponsor? 

X  

 

9 Are the proposed labeling sections relative 
to pharmacology/toxicology appropriate 
(including human dose multiples expressed 
in either mg/m2 or comparative 
serum/plasma levels) and in accordance 
with 201.57? 

 X 

There are some deficiencies since the 
applicant was not consistent in use of exposure 
multiples as mg/m2.  Nonclinical sections of 
the labeling will appear to require some 
modification. 

10 If there are any impurity – etc. issues, have 
these been addressed?    (New toxicity 
studies may not be needed.) X  

The applicant details the qualification of 
impurities in Section 3.2.S.3.2.3.  The 
response appears to be adequate without 
substantive review. 

11 Has the sponsor addressed any abuse 
potential issues in the submission?  n/a

 

12 If this NDA is to support a Rx to OTC 
switch, have all relevant studies been 
submitted? 

 n/a
 

13 From a pharmacology/toxicology 
perspective, is the NDA fileable?  If  ``no`` 
please state below why it is not. X  

 

 
IS THE PHARMACOLOGY/TOXICOLOGY SECTION OF THE APPLICATION 
FILEABLE? ___Yes  __ 
 
Any Additional Comments:  none 
 
 
Jeffrey Bray, Ph.D.       November 1, 2011 
Reviewing Pharmacologist      Date 
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Jessica Hawes, Ph.D.       October 28, 2011 
Reviewing Pharmacologist      Date 
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